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ABSTRACT

Objective: There is no data about magnetic resonance image (MRI) impact in oncoplastic surgery (OP). The objective of this study was to
evaluate the impact of MRI on the surgical planning and the changes of conduct in patients with initial breast cancer and candidates to
perform the OP. Methods: This is a prospective cohort of 60 patients who were candidates to OP between January 2013 and July 2014.
All of them underwent to a preoperative MR, in addition to mammography (MG) and ultrasound (US). Any additional tumor in the MRI
classified as BIRADS 4-5 were biopsied or marked with carbon and radiotracer in order to be localized during the surgery. Surgical impact
of additional MRI findings were evaluated as to changes of approach to mastectomy or to wider resection. Results: Of the patients, 29/60
(48.3%) had additional findings on MR, 16/29 (55%) were multifocal tumors, 1/29 (3.4%) was multicentric, 5/29 (17%) were contralateral
tumors, and 9/29 (31%) presented tumor size larger than 10 mm in the MRI. Of 22 patients who showed additional lesions on MRI, 15
(68.2%) had invasive carcinomas in the definitive anatomopathological exam. Sensibility of MRI was higher in the estimation of the tumor
size. Of the patients, 12/60 (20%) underwent to mastectomy, and 17/60 (28.3%) to wider resections. Only 5% of patients had positive
margins in the entire group, and in the group of patients that had additional findings on MRI only 3.4% had positive margins. Conclusions:
MRIis better than MG and US in evaluating the extension of the tumor, and in the detection of multicentricity, multifocality and bilaterality.
In consequence, it contributed in this series for a better surgical planning in OP with a low rate of compromised margins and re-operations.
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Objetivo: Nao ha dados sobre o impacto da imagem de ressondncia magnética (RM) na cirurgia oncoplastica. O objetivo deste trabalho foi
avaliar oimpacto da RM no planejamento cirdrgico e nas mudancas de conduta em pacientes com cancer de mamainicial e candidatas a realizar
a cirurgia oncoplastica. Métodos: Trata-se de uma coorte prospectiva de 60 pacientes que foram candidatas a cirurgia oncoplastica entre
janeiro de 2013 e julho de 2014. Todos elas foram submetidas a uma RM pré-operatéria, além de mamografia (MG) e ultrassom (US). Qualquer
tumor adicional na RM classificada como BIRADS 4-5 foi biopsiado ou marcado com carvao e ROLL para serem localizados durante a cirurgia.
O impacto cirlrgico dos achados adicionais da RM foi avaliado quanto a mudancas para mastectomia ou resseccdo mais ampla. Resultados:
Das pacientes, 29/60 (48,3%) apresentaram achados adicionais na ressondncia magnética, 16/29 (55%) foram tumores multifocais, 1/29 (3,4%)
foi multicéntrico, 5/29 (17%) foram tumores contralaterais e 9/29 (31%) apresentaram tamanho de tumor maior que 10 mm na RM. Das 22
pacientes que apresentaram lesdes adicionais na RM, 15 (68,2%) apresentaram carcinomas invasivos no exame anatomopatoldgico definitivo.
A sensibilidade da RM foi maior na estimativa do tamanho do tumor. Das pacientes, 12/60 (20%) foram submetidas a mastectomia e 17/60
(28,3%) a resseccoes mais amplas. Apenas 5% das pacientes apresentaram margens positivas em todo o grupo. No grupo de pacientes que
apresentaram resultados adicionais na RM, apenas 3,4% tiveram margens positivas. Conclusdes: ARM é melhor que a MG e 0 US na avaliacdo
da extensdo do tumor e na deteccdo de tumores multicéntricos, multifocais e bilaterais. Em consequéncia, contribuiu nesta série para um
melhor planejamento cirtrgico na cirurgia oncoplastica com baixa taxa de margens comprometidas e reexcisao.
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INTRODUCTION

Mastectomy was considered the standard treatment for onco-
plastic surgery (OP) until the early 1970s, when randomized clini-
cal trials showed equivalence in terms oflong-term survival and
local control of the disease with breast-conserving treatment
(BCT)"* However, BCT has shown high re-operation rates in some
recent series®!. Thus, accuracy on the local preoperative staging
is considered essential for better planning the techniques that
should be applied in each individual case. Clinical exam, mam-
mography (MG) and ultrasound (US) correspond to the triad
traditionally used for this end.

OP combines the principles of plastic surgery with those
of surgical oncology, and represents quite an advance in BCT®.
The aim of it is to preserve the quality oflife of patients with sur-
geries that can be efficient from the oncologic point of view with-
out compromising the aesthetic-functional outcomes. Besides
that, it reduces the risk of compromised margins, when com-
pared to traditional BCT techniques. Nevertheless, accuracy of
imaging methods is essential to the surgical planning, mainly
concerning the choice of pedicles, incisions and techniques for
symmetry in the contralateral breast.

Several studies have shown the high sensitivity of magnetic
resonance (MRI) to evaluate tumor extension, multifocality and
multicentricity®3!. However, there are some controversies con-
cerning the application of MRI as a method of preoperative stag-
ingin BCT, as it increases eligibility to mastectomies. In addition,
some criticism toward the preoperative MRI use in the routine of
BCT sustain that many of the additional lesions might not have
any clinical or biological relevance, or even that they could be
treated in a more effective way through radiotherapy instead of
more aggressive surgeries®.

Therefore, this study aimed to evaluate the sensitivity, spec-
ificity and the impact of MRI on surgical planning in patients
with breast cancer eligible to OP.

METHODS

Sixty patients were included in this prospective single-arm cohort
study. All of them had invasive breast cancers T1-T2, or ductal
carcinoma in situ (DCIS), with the age ranging between 25 and
80 years old. All patients were evaluated and diagnosed through
clinical exam, MG, US and breast biopsy (core-biopsy or vacuum-
assisted biopsy). They were clinically eligible to undergo BCT with
OP techniques at the Breast Unit of Hospital Nossa Senhora das
Gragas (HNSG) in Curitiba (Brazil) between January 2013 and July
2014. After the diagnosis, the patients underwent MRI. All results
were evaluated by the same radiologist (LU), who has full dedi-
cation to breast imaging and ten years of experience in breast
MRI. Additional lesions at MRI classified as BIRADS 3 were not
considered for surgical resection. Such patients were followed-up
every six months for a period of two years, whenever the lesion has

not been resected in the mammoplasty area. Additional lesions
detected in MRI classified as BIRADS 4 were biopsied or marked
both with radioactive tracer and carbon under MRI guidance or
had a second-look on the US, then resected during the surgery.
BIRADS 5 lesions were biopsied during the preoperative stage.
In order to be included in this study, additional lesions detected
through MRI had to be as large as, or larger than, 5 mm.

Patients excluded from this study were those with locally
advanced or metastatic disease at initial diagnosis, those who
underwent MRI prior to the diagnosis, those who chose mastec-
tomy despite being eligible to BCT, those undergoing neoadjuvant
chemotherapy, those who had previous oncological treatment
for other cancers, and those with contraindication or allergy to
the MRI contrast or claustrophobia.

Magnetic Resonance Imaging

MRI exams were performed with a 1.5 T (Avanto®, Siemens)
equipment, having patients in prone position, with a 16-chan-
nel RF coil. The contrast used had a dose of 0.2 mL/Kg Omniscan®
(Gadolineo, GE Healthcare), with a 3 mL/s infusion pump. Other
exam protocols included pondered sequences in T2 (axial plane)
and STIR (sagittal plane), followed by a 3D dynamic sequence
pondered in T1 with a fat saturation (axial), and immediate
reconstruction with subtraction (one pre-contrast sequence
and four post-contrast sequences, at a rate of 90 seconds/acqui-
sition and 7 minutes total time). The dynamic sequence was fol-
lowed by a high-resolution 3D acquisition pondered in T1 with
fat saturation (sagittal) for reconstruction. After that, all exams
were sent to a workstation (Carestrean Health), where the radi-
ologist evaluated the morphology and the dynamic behavior of
the lesions, classifying them according to the current BI-LRADS®
system. All additional lesions underwent a second-look ultra-
sound and, once any abnormality was found, a core-biopsy was
also performed. In case no abnormality was found in the sec-
ond-look ultrasound, they underwent percutaneous vacuum-
assisted biopsy (Mamotomme®) or preoperative marking with
radiotracer and activated carbon 4% guided through MRI (Breast
Biopsy®, Avanto, Siemens). All mammograms and ultrasounds
were reviewed by the same radiologist (LU), in order to compare
them to the MRI.

Pathology

A pathologist fully dedicated to breast pathology (APMS) did
at least three methods for intraoperative margins and senti-
nel node assessment: gross, touch imprint and frozen sections.
Each surgical specimen had their margins properly marked by
the surgical team with colored buttons, and with complete radio-
logical and clinical data information. The whole specimen had
been inked and thinly sliced. Margins were considered negative
when cancer cells do not touch inked surface. The tumor size
measurements for the final report were assessed on gross for
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tumors larger than 20 mm and through microscopy for tumors
smaller than 20 mm. Additional lesions detected through MRI
(all of them marked with carbon) were evaluated by the pathol-
ogist as to their size and whether they were invasive carcinoma
or DCIS, or even benign or atypical lesions.

Oncoplastic surgery techniques

The OP techniques used in this series were: inferior and supe-
rior pedicle, and round-block. In cases in which the surgical plan
changed to mastectomy, patients underwent skin-sparing mas-
tectomy or nipple-sparing mastectomy, according to the risk
of compromising nipple and areola complex, with immediate
reconstruction with definitive form-stable anatomical implants.

Statistical analysis

In order to analyze whether the differences between tumor sizes,
measured by means of three distinctive methods (MRI, US and
MGQG), were representative, a Friedman’s test with a posteriori
Dunn’s test was applied. Besides that, in order to check if the
tumor size measured through the anatomopathological exam
after the surgery was different from the one measured on the
MRI, a Wilcoxon’s test was used. In order to analyze the asso-
ciation between a change of approach by the patient and the
tumor size on the MRI and on the anatomopathological exam,
as well as the association between a change of approach and the
several variables, a Mann-Whitney’s test was applied; also the
¥ distribution or Fisher’s exact test was applied, depending on
whether the variable was quantitative or qualitative. The same
tests were used in order to evaluate the association between
the change of approach in the group of women with additional
lesion, as well as in the group of women that underwent mastec-
tomy, after taking MRI. Non-parametrical analyses were used
whenever the variables studied failed Shapiro-Wilk’s normality
test. The statistical analyses was performed with GRAPHPAD
PRISM’s statistical package, which is considered as level of sig-
nificance at 5% (0.=0.05)%%",

Ethical aspects
This study was approved by the Internal Review Board from
Positivo University.

RESULTS

Sixty patients were included in this prospective cohort. The char-
acteristics of the population can be found in Table 1. Twenty-nine
(48.3%) patients showed additional findings considered sus-
pect for malignancy in the same breast or in the contralat-
eral breast, and/or tumor size larger than the one studied on
the MG and on the US, exceeding 10 mm of difference on MRI
(Table 2). Among the additional findings in the MRI, 16/29
(55.2%) were multifocal tumors, 1/29 (3.4%) were multicentric
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Table 1. Characteristics of the patients eligible to oncoplastic
surgery and undergoing preoperative magnetic resonance imaging.

Characteristics

Age —inyears ‘ 54.7£10.6
Menopausal condition

Pre-menopause 24 (40.0)

Post-menopause 36 (60.0)
Family history

Positive 10 (16.7)

Negative 50 (83.3)
T

Tis 2(3.1)

T 44 (67.7)

T 19 (29.2)
BMI

Underweight 1(1.6)

Normal weight 27 (45.0)

Overweight 20(33.0)

Obesity 12 (20.0)
Breast size

Small 7(11.7)

Medium 22 (36.7)

Large/Extra large 31(51.7)
Histological type

Ductal invasive carcinoma 36 (60%)

Ductal carcinoma in situ 3(5.0)

Lobular invasive carcinoma 13 (21%)

Others 8 (13%)
Angiolymphatic invasion

Present 18 (30.5)

Absent 42 (69.5)
N

0 44 (78.0)

1 13 (22.0)
Estrogen receptor

Positive 53 (89.8)

Negative 7(10.2)
Progesterone receptor

Positive 49 (81.4)

Negative 11 (18.6)
HER?2

Positive 6(10.2)

Negative 54 (89.8)

Not researched 4(6.2)
Kie7

<15% 35(58.4)

>15% 25 (41.6)

BMI: Body Mass Index; T: Primary tumor size; N: Regional lymph nodes metas-
tasis; HER2: Human Epidermal growth factor receptor 2; Ki67: Antigen KI-67.
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tumors, 5/29 (17.2%) were tumors in the contralateral breast,
and 9/29 patients (31.0%) had tumors sized larger than 10 mm
on MRI, when compared with the MG and the US (Table 2). The
MRI had higher sensibility to estimate the tumor size, when
compared to the definitive anatomopathological exam, both on
the comparison with tumors that could only be seen through
MG or US and, in the same way, with those which were found
through both MG and US (Table 3).

In the group that had additional lesions or differences in
tumor size above 10 mm on MRI, the following results were
found: 18/29 (62.1%) invasive ductal carcinomas, 5/29 (17.2%)
invasive lobular carcinomas, 3/29 (10.3%) DCIS, 2 (6.9%) muci-
nous invasive carcinomas, and 1 (3.4%) tubular invasive carci-
noma. As the secondary variables (age, body mass index (BMI),
family history, menopausal condition, presence of angiolym-
phatic invasion and Ki 67>15%) were analyzed, no representa-
tive association between such variables and the detection of
additional findings in MRI was found. When the tumors were
classified as luminal, A, B, HER2 and triple negative, none of
them was statistically significant for findings of additional
lesions or for different tumor size on the MRI. All suspect addi-
tional tumors in MRI were marked with activated carbon and
were localized on the definitive anatomopathological exam.
Thus, from the 22 patients that showed additional lesions,

Table 2. Additional results found only through magnetic
resonance imaging in 60 patients with breast cancer eligible to
oncoplastic surgery.

Additional finding through MRI

Multifocality 16 (26.7)
Multicentricity 1(1.7)
Difference in TS >10 mm when compared to 9 (15)
MG and US

Tumor in the contralateral breast 5(8.3)

MRI: magnetic resonance imaging; MG: mammography; US: ultrasound;
TS: tumor size.

15 (68.2%) had invasive carcinomas confirmed through the
anatomopathological exam.

From the 29 patients who showed additional lesions in MRI or
tumor size exceeding 10 mm on the MRI, 12 (41.3%) had a change
of approach to mastectomy, and 17 (58%) had larger resection
using OP techniques, keeping the conservative approach. Twelve
patients among the population studied (12/60) (20%) underwent
mastectomy due to MRI findings, out of whom 3 (25%) under-
went nipple-sparing mastectomy, 6 (50%) underwent skin-
sparing mastectomy, 1 (8.3%) underwent bilateral skin-sparing
mastectomy, and 2 (16.6%) underwent bilateral nipple-sparing
mastectomy. Bilaterality appeared in 5% of the patients in this
series, and it was detected only through MRI. Patients who
underwent a better surgical planning for the conservative sur-
gery were 17/60 (28.3%), with larger resections and immediate
reconstruction using OP techniques, aiming to encompass the

Table 3. Comparison of tumor size between magnetic resonan-
ce imaging, mammography, ultrasound and definitive anatomo-
pathological exam in patients eligible to oncoplastic surgery.

Comparison between MRI and MG (n=41)

Concordance 34 (82.9%) vs 25 (61.0%)

Underestimated 2 (4.9%) vs 10 (24.4%) p=0.033

Overestimated 5(12.2%) vs 6 (14.6%)
Comparison between MRI and US (n=53)

Concordance 48 (90.5%) vs 38 (71.7%)

Underestimated 2 (3.8%) vs 15(28.3%) p=<0.001

Overestimated 3(5.7%) vs 0

Comparison between MRI and MG+US (n=60)

Concordance 53 (88.4%) vs 42 (70%)

Underestimated 2 (3.3%) vs 12 (20.0%) p=0.014

Overestimated 5(8.3%) vs 6 (10%)

MRI: Magnetic Resonance Imaging; MG: mammography; US: ultrasound.

Table 4. Correlation between additional findings through magnetic resonance imaging and changes in surgical approach for patients

eligible to oncoplastic surgery.

I e

Difference in TS> 10 mm on MR 8 1
Multicentricity 0 1 0 0
Multifocality 8 8 0 0
Contralateral breast lesion 0 0 3 2
Breast size
S 1 3 1 0
M 3 4 2
L (i 2 0 1

TS: tumor size; MRI: magnetic resonance imaging; S: small; M: medium; L: large.
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multifocal lesions or enlarging the resection for in case of patients
that showed tumor size larger than 10 mm on the MRI (Table 4).
Secondary variables, such as BMI, breast size, age, menopause,
Ki 67>15%, family history, presence of angiolymphatic invasion
and presence of positive sentinel lymph node, had no associa-
tion with this group. When classified as luminal A, B, HER2 and
triple negative, none of them was statistically significant too.

Among the 12 patients who underwent mastectomy, the eli-
gibility to this procedure was due to the fact that, in 10 of them
(83%) the lesions were multifocal, in 1 (8.3%) it was multicentric,
and in 3 (25%) cancer in the contralateral breast was detected
through MRI. As to tumor size, 6 (50%) patients who underwent
mastectomy had tumors larger than 20 mm on the MRI exam.
Considering the secondary variables among these patients, 4
(33.0%) had small size breasts, 6 (50%) had medium size breasts
and 2 (16%) had large size breasts. As to family history, 5 (41.0%)
of them had positive family history on the first-degree rela-
tives for breast cancer. From the 12 mastectomies performed,
10 (83.3%) were considered eligible due to the lack of proportion
between the breast size and the tumor size, added to the pres-
ence of multifocality and/or multicentricity, as well as positive
family history (Table 5).

Only 3/60 (5%) patients had positive margins in the entire
group, 3/48 (6.2%) exclusively in OP group, and in the group of
29 patients that had additional lesions on the MRI or tumor size
larger than 10 mm on the MRI, only 1 (3.4%) had positive margins.
The 2 patients that did not have additional lesions on the MRI
and had positive margins were re-operated with OP techniques,
and the only patient that had additional findings and positive
margins was also re-operated with OP techniques (Figure 1).
All ofthem had free margins and kept the conservative approach.

DISCUSSION

There are several studies comparing MRI with MG and US on the
preoperative staging of patients with breast cancer. In most of
them, the aim was to evaluate the MRI accuracy in the estimation

Table 5. Risk clinical findings leading to mastectomy in patients
eligible to conservative surgery who underwent magnetic
resonance imaging in the preoperative stage.

BMI (kg/m?)
Yes (n=12
(n=12) 25.1#3,9 0115
No (n=48) 27.6%5,2
Age > 50 years
Yes (n=34) 5 29
0.3319
No (n=26) 7 19
Family history
Yes (n=10) 5 5
0.021
No (n=50) 7 43
Breast size
Small (n=7) 4 3
Medium (n=22) 6 16 0.016
Large (n=31) 2 29
Menopause
Yes (n=36) 5 31
0.1932
No (n=24) 7 17
Ki67 > 15%
Yes (n=26) 7 19 0.3358
No (n=33) 5 28 '
AL invasion
Yes (n=18) 6 12
0.156
No (n=41) 6 36
Positive LS
Yes (n=13) 3 10
0.711
No (n=46) 9 38
Molecular classification
HER2 (n=5) 2 3
Luminal A (n=32) 5 28
- 0.556
Luminal B (n=19) 4 15
Triple Negative (n=3) 1 2
Tumor size AP
T 8 36
0.716
T2 4 12

BMI: Body Mass Index; AL: Angiolymphaticinvasion; LS: Sentinel lymph
node; AP: Pathology; HER2: Human Epidermal growth factor receptor 2;
Ki67: Antigen KI-67.

Figure 1. Example of a patient with distinct findings on mammogram, ultrasound and magnetic resonance imaging: (A) well delimi-
tated breast mass, BIRADS 0 on mammogram; (B) solid mass, with indistinct margins, BIRADS 4; (C) additional tumors on magnetic
resonance imaging in the same breast (multifocal tumor), and contralateral tumor, BIRADS 6.
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of tumor extension and diagnosis of additional tumors in the
same breast and/or in the contralateral one. Though none of them
evaluated the MRIimpact in OP, which is such an approach that
allows to do larger resections in BCT®**,

In this prospective study, a rate of 48% (29/60) of additional
findings was identified. The rates of multifocality, multicen-
tricity and contralateral breast lesions in the 60 patients of our
series were 26.7, 1.7 and 8.3% respectively. Houssami and Hayes,
in a series with 2,610 patients, detected 40% of multifocal and
multicentric tumors®. COMICE trial detected 16% of multifocal
tumors". The contralateral tumor rates found in our series were
similar to other series®*"?,

From the additional lesions suspect of malignancy detected
through MRI, 68% were positive on the anatomopathological
exam. This is closer to the meta-analysis by Houssami et al., in
which it was found 66%*. From the analyses of multifocal lesions,
58% were confirmed as malignant in the anatomopathological
exam. The multicentric lesions and the lesions detected in the
contralateral breast through MRI were 100% malignant in the
anatomopathological exam.

It is not known whether additional tumors detected on MRI
could be treated exclusively with adjuvant radiotherapy® 3.
So, several studies reported a rate of change of surgical plan to
mastectomy or to wider resections between 8.3 and 43%!81923:242830,
To our knowledge, this is the first study that refers to the impact
of MRI on OP patients. After preoperative MRI, 20% of mastecto-
mies and 80% of OP were performed in this group. And, among
them, 28% had larger resections aiming to encompass multifo-
callesions or larger tumors detected on MRI. In 52% of patients,
the MRI had no impact on surgical decisions.

From 12 mastectomies in this series, 10 (83.3%) were due to
the lack of proportion between the breast size and tumor size,
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