HAYDARPAŞA NUMUNE MEDICAL JOURNAL
DOI: 10.14744/hnhj.2019.63634
Haydarpasa Numune Med J 2019;59(2):116–122

ORIGINAL ARTICLE

hnhtipdergisi.com

The Value of Magnetic Resonance Imaging For Staging and
Planning Breast-Conserving Surgery
Elçin Ersöz Köse1,
Gamze Kılıçoğlu4

Leyla Özel2,

Gökay Reyhan1,

Pınar Ata3,

Hikmet Karagüllü4, 			

1Department of Thoracic Surgery, Health Science University, Sultan Abdulhamid Han Training and Research Hospital, Istanbul, Turkey
2Department of General Surgery, Bahcesehir University Faculty of Medicine, Istanbul, Turkey

3Department of Molecular Genetics and Typing Tissue, Health Science University, Haydarpasa Numune Training and Research Hospital,

Istanbul, Turkey
4Department of Radiology, Health Science University, Haydarpasa Numune Training and Research Hospital, Istanbul, Turkey

Abstract
Introduction: This study aimed to evaluate the effect of breast magnetic resonance imaging (MRI) on staging and surgical
planning.
Methods: Ninety-two females with breast cancer were enrolled in the study. We prospectively evaluated the contribution of MRI compared to mammography (MMG) and ultrasonography (USG) and impact of MRI on surgical treatment and
histopathological concordance.
Results: Contribution of breast MRI to the workup and management of breast cancer in our institute was meaningful by
upstaging the cases in 23/92 (25%) of the patients and suggesting a change in surgical plan in 21/92 (23%) of the patients.
Surgical staging with breast MRI results correlated with the final pathological staging in 18/21 (85%) patients who had a
change in surgical plan.
Discussion and Conclusion: The primary therapy modality of early breast cancer is surgery. The overall tumor size, the relationship between tumor size and breast size, tumor localization, tumor stage, and histopathological findings help to shape
surgical management. MRI was better than conventional diagnostic techniques in determining correct tumor diameter
and in detecting non-invasive cancer areas. Consequently preoperative breast MRI is an important adjunct to conventional
imaging (USG and MMG) in the staging of breast cancer and a useful tool in treatment planning.
Keywords: Breast cancer; breast-conserving surgery; magnetic resonance imaging; staging of breast cancer.

B

reast cancer is the most common cancer among females, and its incidence is constantly increasing. The
standard procedure is breast-conserving surgery (BCS)
with wide local excision in women with early-stage breast
cancer who are thought to have a single and resectable
tumor as determined by clinical examination and conven-

tional imaging. Mapping of local disease is the key element
to guide optimal surgery to get tumor-free margins [1].
The usual preoperative workup of breast malignancy consists of clinical breast examination and mammography
(MMG) with ultrasound (USG) [1]. MMG and breast USG
have been generally used as primary conventional imaging
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modalities for the diagnosis of breast cancer. MMG is the
best screening modality in postmenopausal women, but
its sensitivity is lower in young women with a high genetic
risk or dense breasts. Furthermore, conventional imaging
and clinical examination frequently underestimate tumor
size and multifocality [2].
Breast magnetic resonance imaging (MRI) is a complementary diagnostic modality in breast imaging with reported
accuracy of 100% for invasive breast cancer, and 40%–
100% for ductal carcinoma in situ (DCIS) [3–5].
The major advantage of MRI is its high sensitivity in the
diagnosis of invasive carcinomas. Its limitations include its
moderate sensitivity in the diagnosis of in situ carcinomas
and its low specificity [6,7]. The high sensitivity of MRI has
proven useful in the detection of multifocal lesions and
contralateral carcinomas [8–10]. MRI has been increasingly
used in the preoperative evaluation of both the ipsilateral
and contralateral breast in patients newly diagnosed with
breast cancer [11–13]. Breast MRI is commonly used in local
staging and planning the surgical management of breast
cancer. Therefore, potential benefit of preoperative breast
MRI is a better selection of the patients suitable for BCS [14].
This study aimed to evaluate whether performing preoperative breast MRI had an effect on the preoperative staging of
breast cancer and planning the surgical approach for patient.

Materials and Methods
The consecutive 92 women with a diagnosis of earlystage breast cancer (age 27–69 years) were enrolled in this
prospective study between 2010 and 2013 in the general
surgery department of Haydarpasa Numune Hospital. The
patients with contralateral breast cancer and those undergoing neoadjuvant chemotherapy prior to surgical excision were excluded. Prior to study, all patients underwent
clinical breast examination, conventional breast imaging
(MMG, USG), and MRI.
The diagnosis was confirmed by fine-needle aspiration cytology or percutaneous core biopsy, including USG-guided
procedures, or excisional biopsy, followed by MRI prior to
definitive surgical treatment.
For each case, surgical approach was first chosen according to conventional imaging and clinical evaluation and
subsequent fine-needle cytology/core biopsies of suspicious lesions; afterwards, the surgeons and radiologists redefined the treatment plan on the basis of results of MRI.
Surgical treatment was based on the extent of the disease,
the number of tumor foci, and the breast size.
The management decision was changed from lumpectomy
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to mastectomy due to multicentric or extensive multifocal
disease detected on MRI. Lumpectomy was changed to a
wider excision because the primary lesion was detected as
multifocal or more extensive on MRI.

MRI Technique
Breast MRI was performed with the patient in the prone
position in a 3.0 Tesla MRI system (Philips Achieva; Philips
Healthcare, the Netherlands). Three-dimensional, fatsuppressed, gradient-echo, contrast material- enhanced,
dynamic imaging before and seven times after a bolus
injection of 0.1 mmol/kg of gadopentetate dimeglumine
(Gadovist; Berlex, Wayne, NJ, USA) were performed in the
sagittal plane.
If the lesion had a spiculated, ill-defined, or micro-lobulated margin, it was regarded as a morphologically suspicious lesion. Findings with non-mass-like enhancements,
including linear, ductal, and segmental patterns, were considered suspicious lesions. Findings with a kinetic pattern
showing an early rise and an early washout were regarded
as kinetically suspicious lesions. All patients had a breast
MRI after histologic confirmation of the index breast cancer, and the final classification of additional MRI-detected
suspicious lesions was made without knowledge of the histologic findings.
Multifocality was defined as the presence of additional disease in same quadrant of the breast tissue, while multicentricity was defined as the additional disease within another
quadrant of the breast tissue.

Surgical Methods
BCS (lumpectomy, wide excision, or quadrantectomy) was
performed for single or multifocal lesions allowing a single
excision. We defined lumpectomy as the surgical excision
of a tumor with the removal of a minimal amount of surrounding tissue. ’We excised area near the tumor to obtained the clean surgical area, so we made wide excision.
All surgical procedures were carried out with intraoperative
frozen sections. Mastectomy was preferred in case of large
or multicentric tumors, or retroareolar tumor.

Histopathological Evaluation
Histopathological evaluation of the specimens was made
according to the classification published by the American
Joint Committee on Cancer (TNM-AJCC) in 2010. Surgical
breast specimens were evaluated at 0.5 cm intervals parallel to the line drawn between the nipple head and the
tumor. After the mastectomy or quadrantectomy operation, detailed histopathological evaluation must be made
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on the specimen to find additional cancer focus areas into
parenchyma surrounding the tumor.
Unifocal disease is a single focus in the mammary gland.
Multifocal disease is the presence of two or more malignant foci in the same quadrant. Multicentric disease is the
presence of one or more tumor foci in different quadrants.
Local recurrence of breast cancer after conservation
surgery is determined primarily by the adequacy of surgical margins. There is no alliance in the literature regarding
to surgical margin width for safe surgery. It is the practice
of many North American and European surgeons to undertake re-excision when residual cancer within 2 mm of a surgical margin is determined by histopathologic examination
[15]. In our study, we defined a clean margin of greater than
2 mm as the tumor negative margins.

Results
The breast pathologies of 92 patients were evaluated with
bilateral USG, MMG, and MRI. The mean age of the patients
was 49.6 years. Eight percent of the patients had negative
breast examination. The mean number of births of the patients was 2.6. First delivery was before 30 years of age in 90%
of the patients. The rate of non-breastfeeding patients was
5%, and 24% had a family history of breast cancer. Of all the
patients, 54% were postmenopausal, 30% were using oral
contraceptives, and 10% were using hormone replacement
therapy. Ten percent of the patients underwent surgery for
breast cancer and another 10% for benign conditions. Postoperative histopathological diagnosis of the patients, invasive ductal carcinoma (75%), invasive lobular carcinoma
(8%), DCIS (8%), inflammatory carcinoma (3%), mixed-type
carcinoma (3%), and basaloid-type carcinoma (3%).
All patients (n=92) were analyzed with conventional
imaging as stage I and II. MRI upstaged the disease in 23
cases (25%), and treatment plan was changed from breast
conservation to mastectomy in 8 of them. Thirteen cases
had no stage change but also had mastectomy instead of
breast conservation because of additional MRI findings of
multicentricity (n=5), multifocality (n=2), larger size (n=2),
involvement of nipple-areolar complex with retroareolar
location (n=2), and extensive DCIS (n=2). Histopathology
confirmed the presence of mammary carcinoma in all 92
patients. Pathological correlation was detected in 11 of
13 cases (84.6%) with mastectomy due to MRI findings
and in 7 of 8 cases with mastectomy due to stage increase
(87.5%). Two cases were multifocal and five were multicentric as suggested by MRI. Three of 21 patients (14%) had no
pathological correlation. One of three patient underwent

surgical resection 6 weeks after the first operation because
of the surgical margin was positive in the subsequent
pathology report (paraffin sections). Two of three patients
received oncologic treatment because the patients did not
accept the second operation.
In 21 patients, treatment plan was changed from breast
conservation surgery to mastectomy. As a result of MRI,
findings were multifocality (n=3), multicentricity (n=11),
subareolar extension (n=2), larger tumor (n=2), pectoral
muscle invasion (n=1), and extensive DCIS component
(n=2). The stage increased in 8 of 21 patients. The stage
increased from stage I to stage IIA in six of eight patients,
from stage I to stage IIIB in one of eight patients, and from
stage IIA to stage IIB in one of eight patients. Postoperative histopathological diagnosis of these 21 patients: invasive ductal carcinoma (38.2%), invasive lobular carcinoma
(52.3%), and DCIS (9.5%).
The primary outcomes of our study were that breast MRI
significantly changed the workup in our patients, upstaged
the cancer in 25% of our patients (23/92), and changed
the surgical plan in 23% of our patients (21/92). All surgical plan changes were from Breast Conservation Treatment
(BCT) to a mastectomy, with or without axillary lymph node
dissection. Pathological correlation with MRI findings was
recorded in 86% of the cases with mastectomy. Table 1 describes all 21 patients with a change in their surgical plan.

Discussion
Surgery is the primary therapy modality of early breast cancer. The overall tumor size, the relationship between tumor
size and breast size, tumor localization, tumor stage and
histopathological findings help to shape surgical management. MRI was better than conventional diagnostic techniques in determining correct tumor diameter and in detecting non-invasive cancer areas.
The major advantage of MRI is its high sensitivity in the diagnosis of invasive carcinoma [3–5]. This is underscored in
a recent study by Fischer et al that determined a 93% sensitivity for MRI in comparison with 58% for palpation, 86%
for conventional MMG, and 75% for USG. MRI’s specificity
is more problematical. Data reported by Fischer suggested
that specificity is 76% for palpation, 32% for MMG, 80% for
USG, and only 65% for MRI [10].
The high sensitivity of MRI has proven useful in the detection of multifocal lesions and contralateral carcinomas [8,9].
According to Mumtaz et al, MRI provides more accurate
findings regarding tumor size than either conventional
MMG or USG [16]. MMG, although used as a basic breast
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Table I. Patients with changed treatment plans due to breast MRI findings
Patient no
3
4
5
6
13
17
19
20
21
23
27
33
34
36
37
44
50
51
56
61
62

Stage before
MRI

Stage after
MRI

Surgical plan
before MRI

Surgical desicion
after MRI

Why the operative
procedure has changed?

Corelation with
Pathology

Stage I
Stage I
Stage IIA
Stage I
Stage IIA
Stage I
Stage I
Stage I
Stage I
Stage I
Stage IIA
Stage I
Stage IIA
Stage I
Stage I
Stage IIA
Stage I
Stage IIA
Stage IIA
Stage I
Stage I

Stage I
Stage I
Stage IIA
Stage IIA
Stage IIA
Stage IIIB
Stage I
Stage I
Stage I
Stage I
Stage IIA
Stage I
Stage IIA
Stage IIA
Stage IIA
Stage IIB
Stage IIA
Stage IIA
Stage IIA
Stage IIA
Stage IIA

BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS
BCS

Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy
Mastectomy

Multifocal
Subareolar extension
Larger tumour
Multicentric
Larger, pectoral invasion
Larger tumour
ExtensiveDCIScomponent
ExtensiveDCIScomponent
Subareolar extension
Multicentric
Multicentric
Multifocal
Multicentric
Multicentric
Multifocal
Multicentric
Multicentric
Multicentric
Multicentric
Multicentric
Multicentric

Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

BCS: Breast conserving surgery; Multifocal: Additional disease burden within the same quadrant of breast tissue; Multicentric: Additional disease burden
within another quadrant of breast tissue.

imaging, shows the tumor size smaller than its real size.
Tumor size is a parameter for surgical treatment planning.
However, tumor localization must also be considered in
BCS planning. Accurate evaluation of the tumor size and
examination of the whole breast is of extreme importance
for optimal treatment planning.
Breast cancer recurrence after BCS is reported in 3%–19%
of patients and is mostly due to incomplete resection or
multifocality [17,18]. Positive tumor margins after lumpectomy are seen in 40%–70% [19]. DCIS can be present in and
around an invasive cancer, and extensive intraductal component is more frequently accused for recurrence after tumorectomy [20].
MMG is less sensitive in detection of breast cancer in patients with dense breast parenchyma and tumor margins
can be obscured [21]. The role of USG in detecting multifocal or multicentric lesions is yet not well defined. USG can
give a good estimation of the diameter of an invasive mass,
but DCIS around the mass is often underestimated [22,23].
As sensitivity of MMG is lower in patients with dense breast
parenchyma, USG and MRI could be useful especially in this

group of patients [21]. On the other side, dense breast tissue
can be a consequence of fibrocystic proliferation, which
could enhance on MRI, leading to false-positive examinations and unnecessary wider excisions.
Some studies have shown that MRI is more sensitive than
conventional methods for detection of multiple malignant foci and DCIS surrounding invasive carcinoma, especially in women with fibroglandular and dense mammary
parenchyma [2,24,25]. Studies have shown that sensitivity
of MRI for detection of DCIS is 60%–90% [26,27]. According to some authors, MRI has priority upon other imaging
techniques if there was abundant intraductal component
within the tumor [16,28].
For the last decade, MRI has been widely used for breast
carcinoma diagnosis as a routine at many breast centers.
Ninety-four percent of radiologists have reported that MRI is
useful for accurate staging [29]. Herein with MRI, 23 out of 92
patients were analyzed as increase in stage, and 8 of those
23 patients had change in treatment modality from BCS to
mastectomy. Thirteen patients without stage change also
had mastectomy because of additional findings detected in
MRI as the treatment of choice rather than BCS.
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Some authors reported the advantages of MRI at preoperative local staging in breast cancer. MRI has been found
superior to other techniques for detecting tumor volume,
multicentric-multifocal state, and the tumor at the contralateral side [10,28,30,31]. We diagnosed 20 patients with
multifocal or multicentric tumors. We used MRI in 20 patients (20/20) (100%), MMG in 7 patients (7/20) (35%), and
USG in 6 patients (6/20) (30%) for diagnosis. As a conclusion, MRI is more accurate in diagnosis of multifocality at
dense mammary glands [25].
In our study, 13 patients without stage change had suspicious additional findings with MRI, and treatment
modality of these patients had changed from BCS to mastectomy after MRI. Those findings resulting in decision
changes were multicentric disease in five patients, multifocal disease in two, larger tumor size in two, retroareolar
tumor with nipple involvement in two, and disseminated
DCIS in two.
Tillman et al. [32] compared MMG and MRI in 212 patients
with breast carcinoma undergoing BCS. According to MRI
results, 11% of cases had a change in the treatment approach. In another study, 16% of 267 patients who had preoperative MRI had mastectomy rather than BCS [33].
Breast MRI contributed significantly to the workup and
management of breast cancer at our institution, suggesting a higher stage in 23/92 (25%) patients and changing
the surgical plan in 21/92 (23%) patients. Breast MRI results
correlated with the final pathology in 18/21 patients (85%)
who had a change in surgical plan.
Herein 23% ratio of change in surgical treatment modality
we observed was higher when compared with the results
in literature. This might be due to the lower socioeconomic
and educational states of our patients and our treatment
decision of larger and multifocal tumors as mastectomy,
their lower compliance for radiotherapy sessions, and intimate follow-up visits that are obligatory after BCS.
Extensive intraductal component (EIC) is known as a risk
factor that is related with local tumor recurrence [33,34]. EIC
was first described at the beginning of 1980s [35]. Neff et al.
[36] reported that local tumor recurrence was 15% with EIC
and 8% without EIC. Holland et al. detected multifocal and
multicentric foci at mastectomy specimens.
As a summary of the results from the literature, MRI has
found to be an important preoperative imaging technique
and could change therapeutic strategy 10%–20%. This
change covers the extent of the surgical procedure. In one
study, preoperative MRI decreased cancer recurrence at ipsilateral side from 6.5% to 1.2% and at the contralateral side

from 4% to 1.7% [37,38].
At 2004, Fischer et al. [39] had studied patients with breast
cancer for the long-term results of the disease, 121 patients
with MRI and 225 without MRI. They detected statistically
significant difference between them. Local recurrence was
observed in 1.2% and contralateral tumor was found in
1.6% of the patients screened with preoperative MRI, while
those ratios were 6.8% and 4%, respectively, in non-MRI
screened patients.
Herein in our study, pathological correlation was detected
in 11 of 13 cases (84.6%) without stage change and in 7 of 8
cases with stage increase (87.5%). A total of 18/21 patients
had pathological correlation (85.7%).
BCS is the primary therapy for most of the patients with
early-stage breast cancer. Local excision of the tumor with
a clean surgical margin with good cosmetic results is the
accepted technique. The success of the BCS depends on
good local control of the disease and establishment of the
balance between the cosmesis and life quality. For the local control of the disease, correct staging and appropriate
surgical choice have pivotal importance. Although there
is a risk of MRI to cause detection of the tumor size larger
than real and increase the extent of surgical resections,
herein we suggest the use of MRI with other conventional
methods.

Conclusion
In patients who have histologically diagnosed breast cancer, MRI is a better tool in providing information about
the condition of the ipsilateral and contralateral breast in
both planned BCS and mastectomy. Today, the use of MRI
in staging of patients with breast cancer and BCS decision
positively affects the patient’s survey.
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