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Abstract Nipple-sparing mastectomy (NSM) has recently
been increasing in popularity due to a better cosmetic outcome
and quality-of-life benefit. The radiologic distance between
the tumor and the nipple is independently predictive of nipple-
areolar complex involvement and can assist in patient selec-
tion for NSM. However, concordance between the preopera-
tive radiologic imaging and histologic evaluation would play a
major role in making patient selection for NSM meaningful.
We analyzed the pathologic-radiologic correlation for evalua-
tion of retroareolar (RA) margin in NSM. A retrospective
histologic and blinded radiologic review of 80 NSM (41
therapeutic and 39 prophylactic) performed on 45 patients
was done. Histologically, the cases were divided into positive
or close (invasive or in situ carcinoma within 5 mm of the RA
margin) and negative (greater than 5 mm from the RA mar-
gin). Radiographically, positive cases were defined as suspi-
cious enhancement and/or suspicious findings within 20 mm
of the nipple on magnetic resonance imaging (MRI) and/or
diagnostic mammography, respectively. Thirty five of 41
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(85.4 %) therapeutic cases were concordant. Six cases were
discordant, with 2/41 (4.9 %) discordant cases classified
as positive at histology, but negative on imaging and
4/41 (9.75 %) discordant cases classified as negative at
histology, but positive on imaging. Agreement between
pathology and radiology was moderate [kappa coeffi-
cient 0.54 (p=0.0003)].We conclude that there is a signif-
icant agreement between histologic and radiologic evaluation
for assessment of RA margin and preoperative radiologic
imaging; specifically, MRI provides valuable information
and should be strongly recommended to help select patients
for NSM.
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Pathologic-radiologic correlation - Retroareolar margin

Introduction

Nipple-sparing mastectomy (NSM) has recently been increas-
ing in popularity due to a better cosmetic outcome and quality-
of-life benefit [1-4]. Proper patient selection is imperative for
disease-free margins and preservation of the nipple-areolar
complex (NAC). In carefully selected patients, NSM appears
to be an acceptable technique in both prophylactic and malig-
nant settings [1-4]. There is considerable variation in inclu-
sion criteria for NSM patient selection in the literature. Exam-
ples of such criteria include size of the tumor, distance of
tumor to nipple on imaging, extent and location of disease,
histopathologic features, and human epidermal growth factor
receptor 2 (Her2) status [1-3, 5-7]. The radiologic distance
between the tumor and the nipple is independently predictive
of NAC involvement in multiple studies and can assist in
patient selection for NSM [5-10]. However, in these situa-
tions, concordance between the preoperative radiologic
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imaging and histologic evaluation would play a major role in
making patient selection for NSM meaningful.

Therefore, the aim of the present study is to analyze the
pathologic-radiographic correlation (PRC) for evaluation of
retroareolar (RA) margin in patients undergoing NSM.

Materials and methods

After approval from the institutional review board (IRB), a
Health Insurance Portability and Accountability Act
(HIPAA)-compliant retrospective review of pathology data-
base was performed to identify all NSMs performed between
July 2010 and July 2013.

An extensive histologic assessment of the NSM specimen
was performed with review of conventional hematoxylin and
eosin-stained sections. Involvement by invasive carcinoma
with subtype, ductal carcinoma in situ (DCIS), and lobular
carcinoma in situ (LCIS) was assessed along with margin
status with special emphasis on the RA margin. Our usual
sampling protocol for evaluation of RA region includes ex-
tensive sampling of any grossly suspicious-looking area along
with two random samples of the RA quadrant. If the initial
histologic examination is negative then the grossly suspicious
area is entirely submitted.

The exact distance of invasive or in situ carcinoma from the
RA margin was noted if less than or equal to 5 mm. Patho-
logically, all specimens were divided into positive/close and
negative RA margins. The pathologically positive/close RA
margin cases were defined as invasive or in situ carcinoma
within 5 mm of the RA margin, and pathologically negative
RA margin were defined as invasive or in situ carcinoma
greater than 5 mm from the RA margin, as this was the
standard of practice in our institution at the time of this study.

A completely blinded radiologic review was also performed
for all these NSM specimens (both prophylactic and therapeu-
tic), wherein three dedicated breast radiologists (SES, JAM,
ALC) independently and blindly reviewed mammographic and
magnetic resonance imaging (MRI) images from all these
patients without prior knowledge of the final pathologic diag-
nosis or margin status. All 45 patients had undergone bilateral
breast MRI, and 39 of these patients had corresponding bilateral
mammograms available for review. Six of the 45 patients did
not have a complete diagnostic mammogram available for
review as they presented from an outside institution.

Radiographically, positive cases were defined as suspicious
enhancement within 20 mm of the nipple on MRI and/or
suspicious findings within 20 mm of the nipple on mammog-
raphy. Tumor-to-nipple distance was measured from the base
of the nipple to the enhancing subareolar mass or non-mass
enhancement (NME) [11]. Dynamic contrast-enhanced first
subtraction axial and non-subtracted fat-saturated axial T1-
weighted magnetic resonance images were used for the
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evaluation of enhancement of the NAC and RA tissue. The
mammographic images and MR images were reviewed inde-
pendently first and then any discrepant findings among the
three breast radiologists were rereviewed jointly to develop a
final consensus on positive or negative radiographic RA mar-
gins. Subsequently, the radiologic images of all pathologic-
radiologic discordant cases were rereviewed in retrospect by
the radiologists for a second opinion after having the final
pathologic data in hand. A correlation was performed between
the pathologic (histologic) and radiologic findings. A kappa
coefficient was estimated to measure agreement between path-
ologic and radiologic findings.

We acknowledge that there is no universally accepted
standard cutoff for close/positive RA margin in NSM, and a
cutoff of 5 mm may not be considered as a standard of care in
other institutions. Hence, the raw data was also reanalyzed
using an alternate definition of 1 mm or less as close margin,
which may be used as a standard of care in some other
institutions [12, 13].

Results
Patient characteristics

A total of 86 NSM performed in 48 patients were retrieved
after retrospective review of pathology database from 2010 to
July 2013. A total of 5 NSM performed in three patients were
excluded from the study because these were patients referred
from outside hospitals with nonavailability of outside radio-
logic images for review at this institution. Hence, a total of 80
NSM performed in 45 patients were included in this study.

The patients in this study were all women with ages rang-
ing from 27 to 65 years with a mean age of 47 years.

Indications

The procedures performed were 36 bilateral NSM, four left
NSM and four right NSM.

A number of 41 of 80 NSM (51.2 %) were performed
owing to therapeutic indications. These consisted of 23 inva-
sive ductal carcinoma (IDC), four invasive lobular carcinoma
(ILC), two metaplastic carcinomas, one adenoid cystic carci-
noma, eight DCIS, one pleomorphic LCIS, and two LCIS.

A number of 39 of 80 NSM (48.8 %) were performed
because of prophylactic indications. These consisted of bilat-
eral prophylactic NSM in four patients, contralateral prophy-
lactic NSM in 29 patients with therapeutic NSM performed in
the opposite breast owing to a biopsy-proven diagnosis of
either invasive or in situ carcinoma, and two unilateral pro-
phylactic left NSM. No invasive carcinoma or DCIS was
found in prophylactic mastectomies. LCIS, classic type, was
found in one prophylactic mastectomy.
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Pathologic and radiologic features in therapeutic
mastectomies

Histologically, seven of 41 cases (17.1 %) had positive find-
ings of invasive or in situ carcinoma within 5 mm of the RA
margin. These consisted of three specimens with IDC and
DCIS, two specimens with DCIS, and one each with IDC
and ILC with LCIS, classic type. One of these seven speci-
mens had IDC and DCIS at the RA margin (patient41, Table 1,
Fig. 1) and another specimen had LCIS, classic type, at the
margin (patient 20, Table 1), while the remaining five speci-
mens had either invasive or in situ carcinoma within 5 mm of
the RA margin, but not at the margin.

Radiologically, nine of 41 cases (21.95 %) were interpreted
as positive by all three breast radiologists (Table 1). One patient
(patient 41, Table 1, Fig. 1) with multifocal, multicentric breast
carcinoma demonstrated ipsilateral clumped NME up to and
involving the nipple, measured as 0 mm on MRI, a highly
suspicious finding. Additionally, this was the only patient who
was suspected to very likely have an extensive intraductal
component by MRI. Also, this was the only patient who had
positive mammographic findings, those being fine pleomorphic
calcifications in a segmental distribution extending to 12 mm
behind the nipple. The remaining eight cases demonstrated
suspicious MRI NME within 20 mm of the nipple ipsilateral
to the location of their known breast carcinoma, all with no
suspicious corresponding mammographic abnormality.

A total of 35 0f41 (85.4 %) cases performed for therapeutic
indications had concordance between pathologic and radio-
logic findings. These were further divided into:

Concordant negative cases—30 of 41 (73.2 %) cases
with negative RA margins based on both histologic and
radiologic reviews.

Concordant positive cases—5 of 41 cases (12.2 %)
interpreted as positive on radiologic review and positive/
close margins on histologic review (Fig. 1a, b and 2a, b).
The histologic findings and other patient characteristics in
the positive concordant cases are summarized in Tables 1
and 3. The patient who had LCIS at the margin (patient 20)
had a MRI correlate in the form of NMLE, and hence, this
was taken as a concordant finding [14].

The remaining six cases (14.6 %) were discordant. These
were further divided into

Discordant cases classified as negative at histology, but
positive on imaging—4 of 41 cases (9.75 %) (Table 1,
Fig. 3a, b)

Discordant cases classified as positive/close by histology,
but negative on imaging—?2 of 41 cases (4.9 %) (Table 2,
Fig. 4a, b)

The histologic findings and other patient characteristics
seen in these cases are summarized in Tables 2 and 3.

The latter two discordant cases (pathology positive/close,
negative radiology) were rereviewed in retrospect by the
breast radiologists and were confirmed as negative. One of
the two cases had foci of neoplastic cells within
lymphovascular spaces present within 0.5 mm of the RA
margin. The rereview of radiologic images appeared to show
a linear area of NME extending from the known carcinoma,
but on further inspection, this area was bright on the
precontrast dynamic sequence and was interpreted as protein-
aceous material in the duct. There was no suspicious enhance-
ment on subtraction images. The other case had DCIS within
4 mm of the RA margin and was interpreted as negative by all
three breast radiologists, even in retrospect.

Table 1  Histologic findings in patients with positive nipple-areolar complex on mammography and/or magnetic resonance imaging (MRI)
Patient no. Distance of the tumor from Distance of the tumor from the Histologic evaluation Results
the nipple on mammogram nipple on MRI, positive cases (mm)

11 Negative® 3 Negative® Discordant
13 Negative® 10 Negative® Discordant
15 (Fig. 3) Negative® 18 Negativeb Discordant
17 (Fig. 2) Negative® 14 4 mm IDC and DCIS Concordant
18 Negative® 13 Negative® Discordant
19 Negative® 17 1 mm IDC, 3 mm DCIS Concordant
20 Negative” 12 LCIS positive (0 mm) Concordant
22 Negative® 12 0.5 mm DCIS Concordant
41 (Fig. 1) 12 mm 0 IDC, DCIS positive (0 mm) Concordant

IDC invasive ductal carcinoma, DCIS ductal carcinoma in situ, LCIS lobular carcinoma in situ

#Negative on mammogram indicates no suspicious calcifications, mass, or architectural distortion was seen within 20 mm of nipple on diagnostic

magnification mammography

®Negative—a distance of >5 mm on histologic sections
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Fig. 1 Concordant case 41. a
Axial fat-saturated, T1-weighted
post-contrast magnetic resonance
image with focal non-mass
enhancement (NME) (white
arrow) extending to the nipple
and involving the posterior
margin of the nipple. b
Corresponding photomicrograph
showing cauterized invasive and
in situ carcinoma (black arrow)
present at the retroareolar margin
(orange ink) (hematoxylin and
eosin, x100)

Pathologic and radiologic correlations in therapeutic
mastectomies (41 cases)

There was agreement in 85.4 % of therapeutic samples. The
concordance between pathology and radiology was moderate
and statistically significant as indicated by a kappa coefficient
of 0.54 (p=0.0003) [15].

Fig. 2 Concordant case 17. a
Axial fat-saturated, T1-weighted
post-contrast magnetic resonance
image with suspicious focus
(white arrow) 14 mm from the
nipple seen anterior to implant. b
Corresponding photomicrograph
showing ductal carcinoma in situ
(black arrow) seen 4 mm from
cauterized retroareolar margin
(orange ink) (hematoxylin and
eosin, x40)
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Pathologic and radiologic correlations in all mastectomies (80
cases)

Since a blinded radiologic review was performed for all NSM
(including both prophylactic and therapeutic), concordance
between pathology and radiology was also estimated for the
entire set of 80 NSM. Agreement between pathology and
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Fig. 3 Discordant case 15. a
Axial fat-saturated, T1-weighted
post-contrast magnetic resonance
image with clumped non-mass
enhancement (NME) in the
central retroareolar right breast
that extended in a segmental
distribution from her newly
diagnosed DCIS in her 11 o’clock
and 12 o’clock posterior breast
(not completely imaged). The
NME extends to within 10 mm of
her nipple (white arrow). b
Photomicrograph showing
negative retroareolar margin with
benign breast parenchyma
(orange ink) (hematoxylin and
eosin, x100)

radiology was moderate and statistically significant as indi-
cated by a kappa coefficient of 0.59 (p<0.0001) [15].

Pathologic and radiologic correlations in therapeutic
mastectomies (41 cases) using alternate histologic cutoff
of 1 mm or less as close margin

Agreement between pathology and radiology was on the
threshold between moderate and substantial agreements and
was statistically significant as indicated by a kappa coefficient
0f 0.5957 (p<0.0001) [15].

Discussion

Over the years, surgical treatment of breast carcinoma has
evolved from radical mastectomy to less invasive and more
cosmetically acceptable procedures like lumpectomy and
NSM, which entails preservation of the NAC [1-4].

Table 2  Patients with close/positive margin on histology and negative
mammography and magnetic resonance imaging (MRI)
Mammogram MRI Histologic Results
interpretation  interpretation distance of the
tumor from
the nipple
26 (Fig. 4) Negative Negative 0.5 mmIDC  Discordant
40 Negative Negative 4 mm DCIS  Discordant

IDC invasive ductal carcinoma, DCIS ductal carcinoma in situ

Studies assessing the rate of nipple involvement in mastec-
tomies have shown a wide range of occult nipple involvement
in the literature varying from 0 to 53 % with some recent
studies quoting this number to be around 10to 11 % [1-3, 6, 7,
9, 16]. These findings suggest that proper patient selection for
NSM is imperative even in patients who have clinically
normal-appearing NAC. Several studies have shown that there
are many factors that predict involvement of the NAC, and
these include tumor-to-nipple distance, tumor size, type, loca-
tion and extent of disease, lymph node status, lymphovascular
invasion (LVI), and Her2 amplification. There is convincing
evidence to suggest that suitable patients for NSM should
have well-circumscribed single or multifocal tumors with an
appropriate tumor-to-nipple distance. Tumors should not be
poorly differentiated, should not have LVI or axillary node
metastasis, and should be non-amplified for Her2. However,
many of these variables either cannot be assessed or are not
definitively known before the patient undergoes surgery [1-3,
5-11, 16].

Among all of these factors, the preoperative radiologic
distance between the tumor to the nipple is one of the most
significant factors predicting NAC involvement as also con-
firmed by prior studies which have carried out multivariate
analysis. Tumor-to-nipple distance is crucial for proper selec-
tion of good candidates for NSM [5-11, 16-24]. The appro-
priate cutoff distance in the literature varies and has been
mostly reported variably as 20 mm or 10 mm, with the
majority of the studies quoting 20 mm as a cutoff, based on
strong evidence [1, 25-28]. Notably, a study by Billar et al.
concluded that preoperative clinical and imaging
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Fig. 4 Discordant case 26. a
Axial fat-saturated, T1-weighted
post-contrast magnetic resonance
image with no suspicious
enhancement seen within 20 mm
from the nipple. Her primary
malignancy is seen in the
posterior breast (white arrow). b
Photomicrograph showing
neoplastic cells in
lymphovascular spaces present
0.5 mm from retroareolar margin
(orange ink) (hematoxylin and
eosin, x100)

abnormalities at the NAC were the only independent predic-
tors of positive involvement of the NAC by the neoplastic
cells, and a lack of these factors confers a low likelihood of
positive NAC [29]. Lowen et al. [9] and Rusby et al. [10] have
developed and established predictive models based on preop-
erative imaging, wherein the distance of the primary tumor
from NAC predicted the risk of possible involvement of the
nipple. The former model had a cutoff of 4.96 cm, and a
distance of less than 4.96 cm predicted involvement of the
NAC with a sensitivity of 82%, specificity of 62%, a positive
predictive value of 20%, and a negative predictive value of
97% [9]. The latter study did not establish a specific cutoff but
allowed an individualized risk prediction [10]. Both of these
models have yet to be confirmed externally.

However, a caveat is that the distance of the tumor to the
nipple is highly predictive for nipple involvement in well-
circumscribed purely invasive carcinomas. On the contrary,
tumors that are poorly circumscribed with a significant
intraductal component may show a higher rate of nipple in-
volvement even with a minimum tumor-to-nipple distance [1].

Preoperative radiologic assessment of the distance between
the nipple and the tumor, usually by mammogram and MRI,
aids the surgeon in the appropriate selection of candidates for
NSM [8-10, 27, 28, 30]. MRI has a higher sensitivity than
does mammography for the assessment of the nipple and
retroareolar tumors [30]. Notably in our study also, only one
of'the nine patients who had positive findings on MRI showed
positive mammographic findings. In our institution, the radi-
ologists and surgeons use a radiologic cutoff of 20 mm to
assess positive involvement of the NAC. Additionally, the
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surgeons consider tumor at the inked RA margin as “positive”
and any tumor within more than 0 mm to 5 mm from RA
margin in NSM as “close,” and these patients are potentially
treated as positive. The RA margin is treated differently in our
institution from other margins because NSM is a relatively
recent technique with very limited data regarding long-term
outcomes and follow-up studies in patients with close RA
margins in the literature [31]. This is slightly different from
other margins where tumor at the inked margin is still consid-
ered positive, however, is considered close with a distance that
varies from 1 to 3 mm from the inked margin in different
institutions [32-36]. In our institution, any tumor within more
than 0 mm to 2 mm is considered close for non-RA margins.
Although, the clinical significance of making this distinction
between positive and close margin is still uncertain with some
authors recommending surgical re-excision and/or radiation
only in positive margins while others recommending addition-
al therapy in both positive as well as close margins [32-36].
However, given the limited literature about positive or close
RA margins in NSM, the surgeons in our institution choose to
treat any patients with closer than 5 mm RA margin on final
excision as positive, although we acknowledge that this may
not be the standard of care in many other institutions. Hence,
in this study, we also reanalyze the data using a different cutoff
for close margin (1 mm or less) so that the results may be more
pertinent to other institutions as well [12, 13, 31, 37].

Since the basis of preoperative positive NAC is based on
radiologic imaging, the concordance of pathologic and radio-
logic data plays a very important role for proper patient
selection and further treatment decisions in patients
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undergoing NSM. Needless to say, any discordance subjects
the patient to an additional surgical procedure at a minimum,
which increases the surgical cost as well as operative
morbidity.

Hence, in this study, we aimed to study the PRC between
the pathologic and radiologic findings. We found that the
concordance between pathology and radiology was moderate
and statistically significant. Notably, when using an alternate
histologic cutoff of 1 mm or less as close margin, the agree-
ment between pathology and radiology increases further and
is on the threshold between moderate and substantial
agreement.

The six discordant cases consisted of two cases classified
as close or positive margins by histology, but negative on
imaging. The remaining four discordant cases were classified
as negative at histology, but positive on imaging. Although
some of these cases could be surely be false positive cases on
radiologic imaging, the remote possibility of sampling issue
and missing a minute focus of neoplasm cannot be entirely
excluded despite an extensive sampling protocol described
above.

Another conflict in this study is the management of classic
LCIS, when present on the inked RA margin in NSM (as in
patient no. 20). We agree that many clinicians would not count
this as a positive margin. However, this patient was treated
with subsequent nipple excision. This approach is similar to
the opinion of Eisenberg and colleagues who treated LCIS,
including classic LCIS at the RA margin as both a “precursor”
as well as a “marker” lesion and considered additional treat-
ment as optimal given the limited follow-up data in the liter-
ature regarding outcomes of patients in which LCIS is present
at the inked RA margin [37]. We completely acknowledge that
other institutions may have differing views.

All the positive concordant cases and all discordant cases
with positive or close pathology in our institution were sub-
sequently treated with nipple excision, and any other addition-
al therapy like chemotherapy or radiotherapy was customized
per patient based on additional variables like lymph nodal
status, tumor grade, status of other margins, and hormonal
and Her2 status. Although patients with positive imaging
findings were not initially good candidates for NSM, a deci-
sion to pursue NSM in these patients was based on patient
preference as well as other favorable factors like size, nodal
status on imaging, Her2 status, and location of the main tumor.

In summary, there is a significant agreement between path-
ologic and preoperative MRI evaluations for the assessment of
the RA margin. The above data further reinforces that the
patients with positive preoperative MRI imaging are not good
candidates for NSM despite other favorable factors, and NSM
should be strongly discouraged in these patients as it increases
the patient morbidity and surgical costs. There were only two
cases in this study with positive/close pathology and negative
imaging, and one of these two cases had positive focus in the
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form of LVI. This further reinforces that radiologic imaging,
specifically MRI, provides valuable information to help select
patients for NSM, and preoperative MRI should be strongly
considered in this patient population.
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