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Abstract
Background  Indications for nipple sparing mastectomy (NSM) is extending to post-neoadjuvant chemotherapy (NAC) 
setting. Eligibility for NSM with an optimum tumor-nipple distance (TND) after NAC is unclear. We examined predictive 
factors for nipple tumor involvement in patients undergoing total mastectomy following NAC.
Methods  Clinical and pathological data from prospectively collected medical records of women with invasive breast car-
cinoma, who were undergone NAC and total mastectomy with sentinel lymph node biopsy and/or axillary lymph node dis-
section were analyzed. PreNAC and postNAC magnetic resonance imaging (MRI) views were examined and a cut-off TND 
value for predicting the negative nipple tumor status was determined.
Results  Among 180 women, the final mastectomy specimen analysis revealed that 12 (7%) had nipple involvement as invasive 
carcinoma. Patients with nipple involvement had more postNAC multifocal/multicentric tumors (p: 0.03), larger tumors on 
preNAC and postNAC images (p: 0.002 and p < 0.001), shorter median TNDs on preNAC and postNAC images (7 mm-IQR 
1.5–14, p: 0.005 and 8.5 mm-IQR 3–15.5, p < 0.001, respectively), more nipple retraction on preNAC and postNAC images 
(p: 0.007 and p: 0.006) and more nipple areola complex skin thickening (> 2mm) on preNAC and postNAC images (p < 0.001 
and p: 0.01). The best likelihood ratios (LR) belonged to the postNAC positivity of the < 20 mm TND, with a + LR of 3.40, 
and − LR of 0.11 for nipple involvement. PreNAC positivity of the < 20 mm TND also had a similar − LR of 0.14.
Conclusion  A TND-cut-off  ≥ 2 cm on preNAC and postNAC MRI was shown to be highly predictive of negative nipple 
tumor involvement.

Keywords  Breast cancer · Neoadjuvant chemotherapy · Breast magnetic resonance imaging · Nipple involvement

Introduction

Neoadjuvant chemotherapy (NAC) was introduced in early 
70’s as the standard care particularly for patients with 
locally advanced breast cancer to reduce the tumor burden 
and make it operable [1]. Contemporary practice in NAC 
use was shifted from locally advanced cases to treat early 
breast cancer, thereby making breast conservation feasible 
in patients who would otherwise undergo mastectomy due to 
large tumor size compared to small breast mount [2].

The demonstrated oncologic safety and enhanced cos-
metic outcomes resulted in a dramatic increase in the use of 
nipple/skin sparing mastectomies (NSM/SSM), which were 
previously saved for risk-reducing setting [3, 4]. The down-
staging power of multimodal NAC had broadened the surgi-
cal options and NSM/SSM are nowadays offered to selected 
patients even with locally advanced disease after NAC [5, 
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6]. In upfront surgery setting, NSM is offered to patients 
with tumors that does not clinically involve the nipple areola 
complex. However, selecting the eligible patients for NSM 
after NAC is still a major concern [3, 7, 8].

Accurate determination of nipple involvement at radio-
logic imaging is critical to identifying appropriate candi-
dates and preventing local recurrence for NSM after NAC. 
Magnetic resonance imaging (MRI) of the breast is widely 
used to evaluate the extent of the tumor before the initiation 
and after finalizing the NAC. Moreover, breast MRI is more 
accurate than digital mammography and ultrasound to pre-
dict nipple involvement with higher specificity and negative 
predictive value [9, 10].

Estimating tumor-nipple distance (TND) with MRI is cru-
cial to select eligible patients for NSM after NAC. In post-
neoadjuvant setting, cut-off value for TND in preoperative 
imaging to predictive nipple involvement is still unclear. In 
this study, we examined the preNAC (before neoadjuvant 
chemotherapy) and postNAC (after neoadjuvant chemother-
apy) MRI of patients who were undergone total mastectomy 
to set a cut-off TND value for predicting the negative nipple 
status.

Methods

Clinical and pathological data from prospectively collected 
medical records of women with invasive breast carcinoma, 
who were undergone NAC and total mastectomy with sen-
tinel lymph node biopsy and/or axillary lymph node dis-
section between 2015 and 2020 were analyzed after ethi-
cal approval by the Institutional Review Board. Study was 
designed as a single-center study involving two Cohorts as 
patients with pathological nipple involvement versus non 
after the completion of NAC. Women with clinical T1–T3 
tumors and available preNAC and postNAC MRIs were 
included in the study. Patients with clinical T4 tumors, dis-
tant metastasis, preNAC clinical and/or pathologic nipple 
involvement, Paget’s disease, nipple/skin sparing mastecto-
mies, poor quality, or missing breast MRIs were excluded 
from the study. We, also excluded patients who could not 
finalize the intended neoadjuvant protocol due to toxicity.

Pathologic data such as histopathology, subtype (Luminal 
type, Her2( +), triple negative), grade (low/moderate, high), 
clinical T stage, Ki-67 status, clinical N stage, pathologic N 
stage, and total number of involved axillary lymph nodes in 
final pathology were collected.

All the preNAC and postNAC MRI views were reviewed 
by a dedicated breast radiologist who was blind to the final 
nipple pathologies. On MRI, largest tumor diameter, pres-
ence of multifocality/multicentricity, and nipple retrac-
tion were documented. TND (tumor-nipple distance) was 
measured as closest distance of nipple to the mass and 

non-mass contrast enhancements. The TNDs were stratified 
as < 10 mm and < 20 mm. Both on preNAC and postNAC 
MRI of the patients, nipple areola complex skin thickness 
was measured and values >2 mm were interpreted as thick-
ened nipple areola complex.

As a routine procedure in pathology protocol, after proper 
fixative procedure, mastectomy specimens were convention-
ally painted from posterior with Indian ink and sectioned 
at approximately 5–10 mm intervals in the sagittal plane. 
Nipple areola complex was examined macroscopically for 
gross tumor involvement. The entire nipple was removed and 
dissected for further examination. The nipple was assessed 
for presence of in situ and/or invasive carcinoma by coro-
nal sections. If necessary, additional sections or immuno-
histochemical stains were performed for diagnosis. Sagittal 
section through the skin of the nipple was taken to exclude 
occult Paget’s disease. The level (papillae, skin level, or base 
of the nipple margin) at which the nipple was involved by 
malignancy was also reported.

Clinical, pathologic, and radiologic variables were com-
pared according to the involvement of nipple by invasive 
cells (nipple involved versus non-involved). The Chi-square 
or Fisher’s exact tests was used for comparison of categori-
cal variables. The student t-test or Mann–Whitney U test was 
used for comparison of continuous variables. The predic-
tive utility measures of TNDs for estimating nipple involve-
ment were determined at two different distances (< 10 mm 
and < 20 mm) according to the literature. Accuracy, sen-
sitivity, specificity, positive likelihood ratios (+ LR), and 
negative likelihood ratios (− LR) were calculated using 
contingency tables with their corresponding 95% confidence 
intervals (CIs). The accuracies of TNDs in predicting nipple 
involvement were calculated by the area under the curves 
(AUCs) of their receiver operating characteristics (ROC) 
curves, AUCs were compared with the DeLong’s method, 
and the difference in AUCs and their CIs were calculated 
using Binomial method. Youden J-Index was used to esti-
mate each TND threshold value and presented on dot dia-
grams. MedCalc Statistical Software version 20.027 (Med-
Calc Software, Ostend, Belgium; https://​www.​medca​lc.​org; 
2022) was used for all statistical analysis.

Results

Medical records between 2015 and 2020 demonstrated 241 
women who had undergone total mastectomy without imme-
diate reconstruction following NAC. Of these women, 211 
women had preNAC and postNAC MRIs which were suit-
able for revisit. We excluded T4 tumors, ones with clini-
cal nipple involvement and those having low quality MR 
images, hence 180 eligible women were included in the final 
analysis.

https://www.medcalc.org
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In terms of clinical and pathological features, median age 
was 50 (IQR 41.8–60), majority of the patients had ductal 
histology (n: 144, 80%), luminal B subtype (n: 103, 57%), 
clinical T3 tumors (n: 96, 53.3%), high grade tumors (n: 124, 
69%) and high (≥ 20%) Ki-67 levels (n: 134, 75%) (Table 1). 
The mastectomy specimen analysis revealed that 12 (7%) 
patients had nipple involvement as invasive carcinoma.

There were 69 (38%) pathologic complete responders 
in the study group. We further revisited their preNAC MR 
images and their TNDs. TND was < 10 mm in 11 (16%) 
patients, ≥ 10–< 20 mm in 27 (39%) patients, and ≥ 20 mm 
in 34 (45%) patients (p: 0.12).

When the pathologic findings were compared between 
the patients with positive and negative nipple involvement, it 
was shown that postNAC number of involved axillary lymph 
nodes was significantly associated with nipple involve-
ment (p: 0.009). Univariate analysis of MRI signs showed 
that patients with nipple involvement had more postNAC 
multifocal/multicentric tumors (p: 0.03), larger tumors on 
preNAC and postNAC images (p: 0.002 and p < 0.001), 
shorter median TNDs on preNAC and postNAC images 
(7 mm-IQR 1.5–14, p: 0.005 and 8.5 mm-IQR 3–15.5, 
p < 0.001, respectively), more nipple retraction on preNAC 
and postNAC images (p: 0.007 and p: 0.006), and more nip-
ple areola complex skin thickening on preNAC and postNAC 
images (p < 0.001 and p : 0.01).

Multivariate analysis to interpret the influence of factors 
on pathological nipple involvement revealed that statistically 
significant predictors were preNAC nipple areola complex 
skin thickening (> 2 mm) (OR 6.09, 95% CI 1.27–29.18, p: 
0.024) and presence of PreNAC nipple retraction on MRI 
(OR 5.07, 95% CI 1.41–18.19, p: 0.013) (Table 2).

The predictive utility measures of pre- and postNAC 
TNDs for nipple involvement using < 10 and < 20  mm 
thresholds are presented in Table 3. The best LRs belonged 
to the postNAC positivity of the < 20 mm TND, with a + LR 
of 3.40, and − LR of 0.11 for nipple involvement. PreNAC 
positivity of the < 20 mm TND also had a similar − LR 
of 0.14. The accuracies of the TNDs were compared with 
the help of the AUCs of their ROC curves. The difference 
in AUCs of TNDs was 0.05 (95% CI − 0.02, 0.13) and not 
statistically significant (p = 0.126; Fig. 1), revealing simi-
lar predictive utilities for TNDs. Dot diagram of pre and 
postNAC tumor to nipple distance values of each patient 
according to their final nipple status are presented in Fig. 2.  

Discussion

In this study, we analyzed the findings on breast MRI of 
patients on preNAC and postNAC settings to determine an 
optimum TND cut-off for achieving a tumor-free nipple. 
We found that using ≥ 2 cm TND-cut-off on both preNAC 

and postNAC MRI can rule out nipple positivity (< 20 mm 
TND, -LR:0.14 for preNAC and <20 mm TND, -LR: 0.11 
for postNAC).

During the last decade, NSM with immediate breast 
reconstruction (IBR) in primary surgery setting has been 
proposed to be an alternative to simple mastectomy with 
acceptable postoperative complication rates [11]. The con-
servation of NAC has been shown to improve cosmesis and 
psychosexual well-being [12, 13]. Although lack of ran-
domized trials evaluating oncologic safety of NSM with 
IBR on primary setting, the data are promising. Previous 
studies have shown acceptably low rates of cancer recur-
rence at the NAC after NSM (0–3.7%) [6]. For overall 
survival, the hazard ratio (HR) for NSM compared to non-
NSM procedures was found to be 0.72 [11].

Determining the eligibility for NSM relies on preop-
erative clinical and radiological features of the cancerous 
breast. Breast MRI is known to be the most sensitive imag-
ing modality for assessment of disease extent [9]. Current 
paradigms for NSM and the role of breast MRI to evaluate 
nipple invasion are mostly based on studies for upfront 
surgery setting. It was shown that contrast enhancement of 
nipple areola complex on MRI showed nipple involvement 
with a sensitivity of 93.8% and specificity of 85.7% [14]. 
Also, there is still ongoing discussion on optimal TND 
cut-off to preserve the nipple in patients undergoing NSM 
for breast cancer. Controversy still exists for ideal TND 
because skipped lesions remaining under the nipple may 
potentially appear as local recurrence and compromise the 
oncological safety of this procedure. A meta-analysis on 
predictive factors of nipple involvement in breast cancer 
included 27 studies and stratified patients into 4 groups 
based on the TND (< 2 vs. > 2 cm,  < 2.5 vs. > 2.5 cm, < 3 
vs. > 3 cm and < 4 vs. > 4 cm) and they found that high-
est pooled relative ratio (RR) was found in the subgroup 
“TND < 2.5 vs. > 2.5 cm” and concluded as TND = 2.5 cm 
may be considered for patient selection for NSM (RR 3.65, 
1.42–9.33) [15]. There are previous trials examining the 
oncological safety of shorter TND in NSM. Frey et al. 
showed that TND ≤ 1 cm trended towards higher rates of 
locoregional recurrence (25%) compared to TND > 1 cm 
(2.4%). However there were only four patients in their 
series having TND ≤ 1 cm which is not sufficient to ration-
alize their high rate of nipple recurrence [16]. D’Alanzo 
et al. and Ponzone et al. showed that MRI can predict NAC 
involvement with cut-off TND at 1 cm with a sensitivity of 
100% vs. 71% and specificity of 66% vs. 63%, respectively 
[17, 18]. Unfortunately, these studies have not yet been 
replicated in the neoadjuvant setting. We conducted our 
study on patients undergoing NAC and TND was meas-
ured as closest distance of nipple to the mass or the non-
mass contrast enhancements. We showed that breast MRI 
has the 91.75 sensitivity and 57.% specificity in preNAC 
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Table 1   Clinical and pathological features of patients with and without nipple involvement by invasive breast cancer

Continuous data are expressed as n (%) and the categorical data are expressed as median (interquartile ratio)
MRI magnetic resonance imaging, NAC neoadjuvant chemotherapy, HER2 human epidermal growth factor receptor, cN clinical lymph node, pN 
pathological lumph node, LN lymph node, TND tumor-nipple distance
Statistically significant p values are denoted as bold

Variable Total (n = 180) Nipple involvement on 
pathology (n = 12)

No nipple involvement on 
pathology (n = 168)

p value

Age, years 50 (41.8–60) 42 (38–64) 50.5 (38–64) 0.64
Histopathology 0.37
 Ductal 144 (80%) 8 (66.6%) 136 (81%)
 Lobular 19 (11%) 3 (25%) 16 (9.5%)
 Mixed 5 (2%) 1 (8.3%) 4 (2.3%)
 Other 12 (7%) – 12 (7.1%)

Subtype 0.85
 Luminal A 27 (15%) 1 (8.3%) 26 (15.5%)
 Luminal B 103 (57%) 8 (66.6%) 95 (56.5%)
 Her 2 positive 23 (13%) 1 (8.3%) 22 (13.1)
 Triple negative 27 (15%) 12 (16.6%) 25 (14.8%)

Clinical T 0.45
 T1 15 (8.3%) 15 (8.9%) 0 (0%)
 T2 69 (46.6%) 65 (38.7%) 4 (33%)
 T3 96 (53.3%) 88 (52.4%) 8 (67%)

Grade 0.65
 Low/moderate 56 (31%) 3 (25%) 53 (32%)
 High 124 (69%) 9 (75%) 115 (68%)

Ki-67 0.16
  < 20% 46 (25%) 1 (8%) 45 (27%)
  ≥ 20% 134 (75%) 11 (92%) 123 (73%)

PreNAC 0.77
 cN ( +) 155 (86%) 10 (84%) 145 (86%)
 cN (−) 25 (14%) 2 (16%) 23 (14%)

PostNAC 0.84
 pN ( +) 100 (55.6%) 93 (55.4%) 7 (58.4%)
 pN (−) 80 (45.4%) 75 (45.6%) 5 (41.6%)

PostNAC
 Number of ( +) LN 1 (0–3) 3 (0–5) 1 (0–3) 0.009

Multifocality/multicentricity on MRI
 PreNAC 107 (60%) 7 (58%) 100 (59%) 0.93
 PostNAC 45 (25%) 6 (50%) 39 (23%) 0.03

Largest diameter on MRI (mm)
 PreNAC 40 (29–54) 65 (40.3–77) 40 (27.5–52.2) 0.002
 PostNAC 22.2 (0–36.7) 40.5 (33.7–80) 17 (0–32.2)  < 0.001

TND (mm)
 PreNAC 21 (5–46) 7 (1.5–14) 24 (6.5–50) 0.005
 PostNAC 33 (11–56) 8.5 (3–15.5) 39 (18–60)  < 0.001

Nipple retraction on MRI
 PreNAC 36 (32.4%) 8 (66.7%) 28 (16.7%) 0.007
 PostNAC 27 (23%) 5 (45%) 22 (21%) 0.006

Niple areola complex skin thickening (> 2 mm)
 PreNAC 2 (1.4–2.6) 3.1 (2.1–4) 1.9 (1.4–2.5)  < 0.001
 PostNAC 2 (1.6–2.6) 2.8 (1.7–4) 1.8 (1.6–2.4) 0.01
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setting, 91.6% sensitivity and 73% specificity in postNAC 
setting with a TND using ≥ 2 cm TND-cut-off.

The significance of non-mass contrast enhancement 
extension to the nipple at MRI is also studied and it’s found 
that non-mass contrast enhancement extension has diagnos-
tic accuracy of 88% in identifying tumor involvement of the 
nipple [19]. A current study focused on feasibility of NSM 
when non-mass contrast enhancement extension to the nip-
ple resolves after neoadjuvant chemotherapy (NAC) and they 
showed that resolution was radiologically demonstrated in 
70.5% of the cases. They also found that among the women 
in whom the non-mass contrast enhancement extension to 
the nipple resolved after NAC, the rate of pathology con-
firmed tumor invasion of the nipple was 2.6% [20]. We had 
69 (38%) patients with pathologic complete response and 
16% of them had TND < 10 mm with non-mass enhance-
ment extension to the nipple. We can hypothesize that some 
of the patients in this group had nipple involvement which 
reversed after NAC.

In healthy breasts, skin thickening is approximately 
0.5–2 mm at MR imaging and mammography [21, 22]. 
Pathologic nipple enhancement can be seen as nodular or 
irregular enhancement along the posterior borders and may 
be presented as nipple retraction on breast MRI [23]. We 
found that nipple areola complex skin thickening > 2 mm 
(OR 6.09; 95% CI 1.27–29.18; p: 0.024) and presence of 
nipple retraction (OR 5.07; 95% CI 1.41–18.19, p : 0.013) 
in preNAC MRI was associated with nipple involvement in 
final pathologic examination in multivariate analysis. Thirty-
six patients had nipple retraction on preNAC MRI and 8 
(32.3%) of them had nipple involvement on final pathol-
ogy. Likewise, 27 patients had nipple retraction on postNAC 
MRI and 5 (18.5%) patients had nipple involvement on final 
pathology. Since we try to adapt the NSM for women follow-
ing NAC, presence of nipple retraction on index MRI seems 
to be important to predict pathologic nipple involvement in 
a considerable number (32.3%) of the patients.

Contemporary nipple sparing mastectomy technique 
involves routine intraoperative subareolar tissue biopsies 
and frozen examination to disclose occult nipple involve-
ment. In primary surgery setting, occult involvement of the 
nipple reported to be in less than 5% of the cases which is 
associated with TND, tumor size, grade, and nodal positiv-
ity [24]. Intraoperative frozen (IOF) evaluation of subareo-
lar tissue aids for immediate decision for salvage of nipple 
areola complex and optimization of reconstructive planning. 
However, the IOF has a potential for overestimation in such 
cases as ductal hyperplasia, sclerosing adenosis, intracystic 
papilloma, lobular carcinoma in situ, and fat necrosis that 
leads to unnecessary nipple areola complex resection. Also, 
IOF was shown to have possible false negativity and lower 
estimation in lesions such as invasive lobular carcinoma, 
ductal carcinoma in situ and changes caused by neoadju-
vant chemotherapy [25]. We have found that preNAC and 
postNAC breast MRI have impressive − LR in ≥ 2 cm TND-
cut-off to predict negative nipple involvement which may 
eliminate unnecessary IOF examination in select cases.

Table 2   Multivariate analysis to interpret the influence of factors on 
pathological nipple involvement

MRI magnetic resonance imaging, NAC neoadjuvant chemotherapy, 
cT clinical tumor stage
Statistically significant p values are denoted as bold

Variable OR 95% CI p value

Age 0.98 0.94–1.03 0.64
Grade High (vs. Low/moderate) 1.38 0.36–5.51 0.63
Ki-67 (≥ 20 vs. < 20) 4.02 0.5–32.06 0.19
Number of positive axillary lymph 

nodes
1.13 1.34–3.7 0.84

cT3 vs. cT1 or cT2 1.82 0.53–6.27 0.34
PreNAC nipple areola complex skin 

thickening (> 2 mm vs. ≤ 2 mm)
6.09 1.27–29.18 0.024

PostNAC nipple areola complex skin 
thickening (> 2 mm vs. ≤ 2 mm)

1.41 0.43–4.6 0.57

PreNAC nipple retraction on MRI 5.07 1.41–18.19 0.013
PostNAC nipple retraction on MRI 0.31 0.09–1.11 0.073

Table 3   Utility measures of pre- and postNAC tumor-nipple distances on MRI in predicting nipple pathology status

NAC neoadjuvant chemotherapy, LR likelihood ratio, CI confidence interval

Accuracy, % (95% CI) Sensitivity, % (95% CI) Specificity, % (95% CI)  + LR (95% CI) − LR (95% CI)

preNAC
  < 10 mm 69.7 (60.2, 78.2) 58.3 (27.7, 84.8) 71.1 (61.1, 79.9) 2.02 (1.14, 3.58) 0.59 (0.30, 1.16)
  < 20 mm 61.5 (51.7, 70.6) 91.7 (61.5, 99.8) 57.7 (47.3, 67.7) 2.17 (1.63, 2.89) 0.14 (0.02, 0.95)

postNAC
  < 10 mm 78.2 (68.9, 85.8) 50.0 (21.1, 78.9) 82.0 (72.5, 89.4) 2.78 (1.36, 5.71) 0.61 (0.34, 1.08)
  < 20 mm 75.3 (65.7, 83.3) 91.6 (61.5, 99.8) 73.0 (62.6, 81.9) 3.40 (2.32, 4.98) 0.11 (0.02, 0.75)
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Our study is limited by the retrospective nature of the 
chart review. We dichotomized the mastectomy patients 
according to final nipple tumor involvement and we did not 
revisit the pathology specimens and relied on the pathology 
reports. The strength of our study is the inclusion of non-
mass enhancement extension on preNAC and postNAC MRI 
to calculate the optimal TND.

In conclusion, we found that  ≥ 2 cm TND-cut-off in 
preNAC and postNAC breast MRI was associated with a 
higher likelihood of having negative nipple involvement. 
Presence of preNAC nipple retraction, preNAC nipple areola 
complex skin thickening (> 2 mm), postNAC persistence of 
multicentricity in breast MRI were found to be strong predic-
tors of positive nipple involvement in permanent pathologic 
analysis.

Since NAC is a game changer achieving radiologic and 
pathologic complete response in considerable number of 
patients, we need long-term oncological outcomes to choose 
appropriate candidates for NSM after NAC particularly in 
patients who have shorter TND in index imaging and have 
radiologic complete response following NAC.

Fig. 1   Pairwise comparison of the pre and postNAC tumor-nipple 
distance ROC curves. AUCs and their difference is annotated on the 
graph

Fig. 2   Dot diagram of pre and postNAC tumor to nipple distance values of each patient according to their final nipple status. The thresholds cor-
responding the highest Youden J-index values are annotated with their sensitivity and specificity measures
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