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Neoadjuvant chemotherapy (NAC) is an established 
treatment for stage II–III breast cancer (1). NAC allows 

breast cancer downstaging, which subsequently increases 
the rate of breast-conserving surgery. Nevertheless, about 
half of these patients undergo mastectomy (2). Nipple-
sparing mastectomy (NSM) is a surgical procedure that 
removes only the underlying breast tissue and leaves the skin, 
areola, and nipple intact. Compared with skin-sparing 
or conventional mastectomy, NSM has similar oncologic 
and surgical safety with superior cosmetic outcomes and 

improved patient satisfaction (3–9). Therefore, with data 
supporting its oncologic safety, NSM is a feasible surgi-
cal approach in patients with breast cancer who underwent 
NAC (10–12).

Clinical or radiologic suspicion of nipple involvement 
is a contraindication for NSM, although several studies 
reported that patients with a short tumor-to-nipple dis-
tance without nipple involvement at preoperative imaging 
may be eligible for NSM (13–15). Nonmass enhancement 
(NME) extension to the nipple rather than the direct 

Background: Nipple-sparing mastectomy (NSM) is usually contraindicated in patients with nonmass enhancement (NME) exten-
sion to the nipple at breast MRI. However, little is known about the feasibility of NSM when NME extension to the nipple 
resolves after neoadjuvant chemotherapy (NAC).

Purpose: To evaluate whether NSM is an appropriate surgical procedure for patients in whom NME extension to the nipple 
resolves after NAC.

Materials and Methods: This retrospective study included 383 women with NME at baseline MRI who underwent NAC followed 
by mastectomy between January 2007 and March 2022 at a single institution. NME extension to the nipple was assessed using 
breast MRI before NAC (hereafter, pre-NAC) and after NAC (hereafter, post-NAC). In 326 women who underwent mastectomy 
with  removal of the nipple-areolar complex, the rate of pathologic analysis–confirmed tumor invasion of the nipple compared with 
NME extension to the nipple at post-NAC breast MRI was evaluated. Tumor involvement of the nipple was also assessed in those with 
complete pathologic response at posttreatment MRI. Furthermore, the outcomes in 57 women undergoing NSM were investigated, 
particularly in patients with NME extension to the nipple at initial diagnosis.

Results: Of the 326 women who underwent mastectomy with removal of the nipple-areolar complex (mean age, 49 years ± 9.4 
[SD]), 217 patients (67%) showed NME extension to the nipple on pre-NAC MRI scans. Among the 153 women (70%) in whom 
the NME extension to the nipple resolved after NAC, the rate of pathologic analysis–confirmed tumor invasion of the nipple was 
2.6% (four of 153 women; 95% CI: 0, 6.5). No pathologic analysis–confirmed tumor invasion of the nipple was detected in 
31 women with complete response at MRI. Of the 57 women who underwent NSM, 12 (21%) with resolution of NME extension 
to the nipple after NAC had no relapse during the median follow-up of 31 months (range, 11–80 months).

Conclusion: Pathologic analysis–confirmed tumor invasion of the nipple was rare in women with resolution of nonmass enhance-
ment extension to the nipple after neoadjuvant chemotherapy (NAC). Therefore, nipple-sparing mastectomy could be feasible in 
this population, especially in those with complete MRI response to NAC.
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breast surgery at an academic medical center. From these patients, 
we excluded 562 women who underwent breast-conserving sur-
gery (n = 408), did not have available pathologic information for 
nipple invasion (n = 4), did not have any available breast MRI 
before NAC (hereafter, pre-NAC) and post-NAC breast MRI (n 
= 9), and had only mass-like lesions not accompanying NME 
suspicious for cancer regardless of pre-NAC breast MRI findings 
of direct nipple invasion (n = 141). Finally, 383 women were 
included retrospectively (Fig 1). The presence of NME extension 
to the nipple in all women was assessed with pre- and post-NAC 
MRI. Of these patients, we identified 326 women undergo-
ing mastectomy with removal of the nipple-areolar complex  
(Fig 1). Based on the nipple NME extension status at pre- and 
post-NAC MRI, women were classified into the following 
groups (Figs 2–5): residual NME extension to the nipple, reso-
lution of NME extension to the nipple, new NME extension 
to the nipple at post-NAC MRI, and no NME extension to 
the nipple at pre- and post-MRI. Among these four groups, we 
compared the rate of pathologic analysis–confirmed tumor inva-
sion of the nipple. Furthermore, we investigated outcomes in 57 
women who underwent post-NAC NSM without NME exten-
sion to the nipple (Fig 1). Among these women, 12 had NME 
extension to the nipple at baseline.

Breast MRI
In 59 women, pre- and post-NAC breast MRI was performed 
using a 1.5-T MRI scanner (Magnetom Avanto; Siemens) with 
a bilateral dedicated breast coil (Matrix Breast Coil; Siemens). In 
324 women, pre- and post-NAC breast MRI was performed us-
ing a 3.0-T MRI scanner (Achieva, Philips Medical System; Dis-
covery MR750, GE Medical Systems) with a dedicated sensitivity 
encoding–enabled four-channel breast coil. The median intervals 
between the dates of pre-NAC MRI and first NAC and between 
the dates of post-NAC MRI and last NAC were 6 days (range, 
0–30 days) and 14 days (range, 1–28 days), respectively. Bilateral 
axial images were acquired with women in the prone position. Dy-
namic contrast-enhanced 1.5-T MRI included one contrast- 

nipple invasion by mass-like lesion is commonly observed at 
preoperative breast MRI. A previous study (16) showed that the 
NME extension to the nipple base at preoperative MRI has a 
high positive predictive value for tumor invasion of the nipple 
that is confirmed with pathologic analysis, and it should be con-
sidered a contraindication to NSM. However, because NAC can 
downsize tumor extent, we assumed that patients with baseline 
NME extension to the nipple who responded to NAC could be 
eligible for NSM (17).

The purpose of our study was to evaluate whether NSM is an 
appropriate surgical procedure for patients in whom NME ex-
tension to the nipple resolves after NAC. We assessed pathologic 
nipple invasion regarding changes after NAC (hereafter, post-
NAC) in NME extension to the nipple in women undergoing 
mastectomy with removal of the nipple-areolar complex. We 
further investigated outcomes of the women who presented with 
NME that was suspicious for cancer at 
baseline and were treated with NSM.

Materials and Methods

Patients
Our study protocol was reviewed and 
approved by the institutional review 
boards of the Gangnam Severance 
Hospital, Yonsei University (Seoul, 
Korea; institutional review board no. 
2021-0961-001) and adhered to the 
tenets of the Declaration of Hel-
sinki. The requirement for written 
informed consent was waived because 
of the retrospective study design.

Between January 2007 and March 
2022, 945 women with invasive breast 
cancer underwent NAC followed by 

Abbreviations
HER2 = human epidermal growth factor 2, NAC = neoadjuvant 
chemotherapy, NME = nonmass enhancement, NSM = nipple-sparing 
mastectomy

Summary
Pathologic analysis–confirmed tumor invasion of the nipple was rare 
in patients with resolution of nonmass enhancement extension to the 
nipple at breast MRI after neoadjuvant chemotherapy; thus, nipple-
sparing mastectomy may be feasible.

Key Results
 ■ In a retrospective study of 383 women, nonmass enhancement 

(NME) extension to the nipple resolved after neoadjuvant che-
motherapy (NAC) in 153 of 217 women (70%) who had nipple 
involvement by NME at baseline breast MRI.

 ■ The rate of pathologic analysis–confirmed tumor invasion of the 
nipple was only 2.6% (four of 153) in these women; it was absent 
in 31 women with complete MRI response to NAC.

 ■ During the median follow-up of 31 months, no relapse occurred 
in the 12 women with resolution of NME to the nipple after NAC 
who underwent nipple-sparing mastectomy.

Figure 1: Study population flowchart. NME = nonmass enhancement.
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unenhanced and five contrast-enhanced series using a T1-weighted 
gradient-echo sequence (repetition time msec/echo time msec, 
3.91/1.42; 512 × 425 matrix; flip angle, 12°; field of view, 
33 × 33 cm; and section thickness, 1.5 mm). Five sequential 
contrast-enhanced images were acquired every minute after 
0.1 mmol/kg of gadopentetate dimeglumine (Magnevist; Bayer 
Healthcare Pharmaceuticals) or gadoterate meglumine (Dotarem; 
Guerbet) was injected at 2 mL/sec, followed by a 20-mL saline 
flush. Dynamic contrast-enhanced 3.0-T MRI included one 
contrast-unenhanced and five contrast-enhanced series using a 
T1-weighted gradient-echo sequence (4.9/2.4; 340 × 340 matrix; 
flip angle, 12°; field of view, 34 × 34 cm; section thickness, 
1.5 mm). Contrast-enhanced images were acquired after injec-
tion of 0.1 mmol/kg of gadobutrol (Gadovist; Bayer Healthcare) 
with an automated injector (Nemoto; Nemoto Kyorindo) 
at 2 mL/sec, followed by a 20-mL saline flush. The acquisition 
time for each contrast-enhanced series was 74 seconds. Image 
subtraction was performed at all contrast-enhanced phases.

NME was evaluated using fat-suppressed T1-weighted axial 
images early in contrast enhancement (typically phase 1) and by 
using subtraction axial images. Before breast surgery, all images 
were prospectively reviewed by one of six radiologists with 8–20 
years of experience in breast MRI. NME was considered abnor-
mal if it was contiguous from a biopsy-proven tumor lesion 
with higher contrast enhancement than breast parenchymal con-
trast enhancement or the contralateral breast. NME extension 
to the nipple was defined as NME reaching or invading regions 
beyond the imaginary nipple base. We evaluated whether abnor-
mal NME extended to the nipple at pre- and post-NAC breast 
MRI. Complete response at MRI was defined as the absence of 
findings suspicious for cancer in the entire breast, including the 
nipple and regional lymph nodes at post-NAC MRI.

Pathologic Evaluation
The nipple-areolar complex was examined for pathologic analysis–
confirmed tumor invasion of the nipple in women who under-
went mastectomy with removal of the nipple-areolar complex. 

During gross examination, the nipple-areolar complex was 
removed from the breast specimen and a single sagittal slice was 
made through the nipple. Conventional sections stained with 
hematoxylin-eosin were prepared from each block and reviewed. 
Pathologic analysis–confirmed tumor invasion of the nipple 
was defined as the direct infiltration of invasive carcinoma to 
the nipple-areolar complex or lactiferous duct involvement by 
intraductal carcinoma. This definition did not include dermal 
lymphatic emboli or Paget disease of the nipple. In women who 
underwent NSM, a subareolar margin was excised with a cold 
knife to avoid thermal injury; this margin was evaluated intra-
operatively using frozen section analysis. Pathologic complete 
response was defined as the absence of invasive tumor cells in 
both the breast and axilla.

Statistical Analysis
Our primary objective was to assess whether tumor cells would 
persist in the nipple-areolar complex after resolution of NME 
extension to the nipple at post-NAC MRI. We assessed the 
rates of pathologic analysis–confirmed tumor invasion of the 
nipple in women who underwent mastectomy with removal 
of the nipple-areolar complex and in woment who achieved 
complete response at MRI after NAC in all four groups. We 
focused on the rate of pathologic analysis–confirmed tumor 
invasion of the nipple in the resolution of NME extension to 
the nipple group to address the main purpose of our study. 
To identify the clinical-pathologic factors associated with false-
negative findings of a resolution of NME extension to the 
nipple at post-NAC MRI, we compared the characteristics of 
women according to the pathologic analysis–confirmed tumor 
invasion of the nipple within the resolution of NME exten-
sion to the nipple group. In addition, we investigated the inci-
dence of tumor recurrence and death in the follow-up period 
in women who had NME extension to the nipple at baseline 
and who underwent subsequent NSM.

We assessed clinical-pathologic data including age at diag-
nosis, histologic type, histologic grade, estrogen receptor status, 

Figure 2: MRI scans in a 49-year-old woman with hormone receptor–positive and human epidermal growth factor receptor 
2–negative breast cancer with nonmass enhancement (NME) extension to the nipple at MRI before and after neoadjuvant chemo-
therapy (NAC). The patient was administered four cycles of anthracycline and cyclophosphamide every 3 weeks, followed by 12 
cycles of weekly paclitaxel. (A) Pre-NAC MRI scan shows a mass-like lesion (dashed arrow) with linear NME extending beyond 
the nipple base (solid arrow). (B) The mass-like lesion decreased slightly (dashed arrow), but NME extension to the nipple is still 
observed on the post-NAC MRI scan (solid arrow). The presence of tumor invasion of the nipple was confirmed with pathologic 
evaluation.
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progesterone receptor status, human epidermal growth factor 
2 (HER2) status, Ki-67 levels, tumor-infiltrating lymphocytes, 
clinical T stage, clinical N stage, pathologic T stage, pathologic 
N stage, and pathologic complete response. The clinical T stage 
and nodal status were evaluated on the basis of baseline find-
ings at breast MRI. Clinical stages were determined according 
to the anatomic stage based on the American Joint Committee 
on Cancer guidelines (eighth edition). Pathologic data except 
the pathologic T stage, pathologic N stage, pathologic com-
plete response, and tumor invasion of the nipple were obtained 
from core-needle biopsy samples. Continuous variables were 
compared by using the Student t test. Discrete variables were 
compared by using the χ2 test or Fisher exact test. Analyses were 

performed using software (SPSS version 25; SPSS). P values less 
than .05 indicated statistical significance.

Results

Comparison of Baseline Characteristics
Of the 383 women included (mean age, 49 years ± 9.4 [SD]), 
326 patients underwent mastectomy with removal of the 
nipple-areolar complex such as conventional or skin-sparing 
mastectomy (mean age, 49 years ± 9.4). The NAC regimens 
administered to these women are summarized according to breast 
cancer subtypes in Table S1. Among 151 women (46%) with 
HER2-positive breast cancer, 114 (76%) were administered six 

Figure 3: MRI scans in a 72-year-old woman with hormone receptor–negative and human epidermal growth factor 2–positive 
breast cancer with nonmass enhancement (NME) extension to the nipple at MRI before neoadjuvant chemotherapy (NAC) that 
appeared to have resolved at MRI after NAC. The patient was administered six cycles of docetaxel, carboplatin, trastuzumab, 
and pertuzumab every 3 weeks. (A) MRI scans acquired before NAC shows that NME invaded the nipple base (arrow). (B) MRI 
scans acquired after NAC shows complete response without residual enhancement. Pathologic complete response with the absence 
of tumor invasion of the nipple was confirmed at pathologic evaluation.

Figure 4: MRI scans in a 35-year-old woman with triple-negative breast cancer who did not have nonmass enhancement 
(NME) extension to the nipple at MRI before neoadjuvant chemotherapy (NAC), but who presented with NME extension at MRI 
after NAC. This patient was administered four cycles of anthracycline and cyclophosphamide every 3 weeks, followed by 12 cycles 
of weekly paclitaxel. (A) MRI scan before NAC shows NME not extending to the nipple (arrow). (B) The NME stretching the 
nipple-areolar complex at subareolar lesion is newly observed on the MRI scan acquired after NAC (arrow). The presence of tumor 
invasion of the nipple was confirmed at pathologic evaluation.



Bae and Ahn et al

Radiology: Volume 307: Number 2—April 2023  ■  radiology.rsna.org 5

cycles of docetaxel, carboplatin, 
trastuzumab, and pertuzumab 
(known as the TCHP regi-
men) for dual HER2 blockade. 
Forty-six of 326 women (14%) 
achieved complete response at 
MRI after NAC. Furthermore, 
217 of 326 women (67%) ex-
hibited NME extension to 
the nipple at pre-NAC breast 
MRI; among these patients, 31 
women (14%) achieved com-
plete response at MRI after 
NAC. The clinical T stage was 
higher in women with NME 
extension to the nipple at pre-
NAC MRI than in those with-
out enhancement to the nipple 
(P = .03; Table S2).

Regarding pathologic analy-
sis–confirmed tumor invasion 
of the nipple, 32 of 326 women 
(10%) exhibited tumor cells in their nipple-areolar complex. 
Compared with women without pathologic analysis–confirmed 
tumor invasion of the nipple, women with pathologic analy-
sis–confirmed tumor invasion of the nipple were less likely to 
have progesterone receptor–negative or HER2-positive breast 
cancer and high Ki-67 levels (P = .02, .001, and .01, respec-
tively; Table S3). In addition, the pathologic T and N stages were 
higher in women with pathologic analysis–confirmed tumor in-
vasion of the nipple than in those without it (P < .001 and < 
.001, respectively).

Pathologic Response of Nipple-Areolar Complex  
according to Subgroups
The groups with residual NME extension to the nipple, resolu-
tion of NME extension to the nipple, new NME extension to 
the nipple at post-NAC MRI, and no NME extension to the 
nipple at pre- and post-NAC MRI were composed of 64 (20%), 
153 (47%), two (1%), and 107 (33%) women, respectively  
(Fig 6). Table 1 shows a comparison of the clinical and patho-
logic characteristics among these groups. Hormone receptor–
positive, HER2-negative breast cancer was frequently observed 
in the group with residual NME extension to the nipple (32 of 
64; 50%). Conversely, the rate of HER2-negative breast cancer 
was the highest in the group with resolution of NME extension 
to the nipple (88 of 153; 58%; P < .001), whereas the clinical 
T stage was the highest in the group with residual NME 
extension to the nipple (P = .04; Table 1). The rate of pathologic 
complete response was the highest in the group with resolution 
of NME extension to the nipple (68 of 153; 44%), followed by 
the groups with no NME extension to the nipple at pre- and 
post-NAC MRI (28 of 107; 26%) and residual NME exten-
sion to the nipple (eight of 64; 13%). However, no woman in 
the group with new NME extension to the nipple at post-NAC 
MRI showed pathologic complete response (P < .001 for all 
comparisons; Table 1).

In the women with NME extension to the nipple at pre-
NAC MRI, 27 patients from the group with residual NME 
extension to the nipple (42%; 95% CI: 30.1, 54.3) and four 
from the group with resolution of NME extension to the 
nipple (3%; 95% CI: 0, 6.5) had pathologic nipple inva-
sion (Table 2). Among women without NME extension to 
the nipple at pre-NAC MRI, the NME extension to the 
nipple, which was suspicious for malignancy and not post-
NAC contrast enhancement, was shown in two women after 
NAC. In these two women who showed progressive disease 
after NAC, one had pathologic analysis–confirmed tumor 
invasion of the nipple (50%; 95% CI: 37.8, 62.3). How-
ever, no patients from the group with no NME extension to 
the nipple at pre- and post-NAC MRI exhibited pathologic 
analysis–confirmed tumor invasion of the nipple (Table 2). 
In addition, 46 women had complete response at post-NAC 
MRI (31 and 15 women from the groups with resolution 
of NME extension to the nipple and no NME extension to 
the nipple at pre- and post-NAC MRI, respectively). None 
of these women had pathologic analysis–confirmed tumor 
invasion of the nipple (Table 2).

Characteristics according to Pathologic Involvement of 
Nipple-Areolar Complex
To identify the clinical and pathologic factors associated 
with the pathologic analysis–confirmed tumor invasion of 
the nipple in 153 women with resolution of NME exten-
sion to the nipple, we compared the characteristics accord-
ing to the pathologic analysis–confirmed tumor invasion of 
the nipple. The pathologic T and N stages were higher in 
women with pathologic analysis–confirmed tumor invasion 
of the nipple than in those without (P = .04 and .007; re-
spectively; Table 3). None of the four women with patho-
logic analysis–confirmed tumor invasion of the nipple had 
complete response at post-NAC MRI.

Figure 5: MRI scans in a 51-year-old woman with hormone receptor–positive and human epidermal growth factor recep-
tor 2–negative breast cancer without nonmass enhancement (NME) extension to the nipple on MRI scans acquired before and 
after neoadjuvant chemotherapy (NAC). The patient was administered four cycles of anthracycline and cyclophosphamide 
every 3 weeks, followed by 12 cycles of weekly paclitaxel. (A) MRI scan acquired before NAC shows that NME extends 
toward the nipple but does not reach the nipple base (arrow). (B) After NAC, the extent of NME appears markedly reduced 
without NME extension to the nipple (arrow). Tumor invasion of the nipple was not found at pathologic evaluation.
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Outcomes in Women with NSM
Among the 57 women who underwent NSM after NAC (mean 
age, 46 years ± 8.5), 12 (21%) and 45 (79%) belonged to the 
group with resolution of NME extension to the nipple and the 
group with no NME extension to the nipple at pre- and 
post-NAC MRI, respectively. In all patients, intraoperative frozen 
section evaluation for subareolar margin indicated a tumor-free 
status intraoperatively, and we confirmed the same in a permanent 
pathologic evaluation. Respectively, seven (58%) and 11 (24%) 
women from the group with resolution of NME extension to 
the nipple and the group with no NME extension to the nipple 
at pre- and post-NAC MRI had complete response at MRI after 
NAC (P = .04). The other clinical and pathologic factors did 
not differ between the two groups, although the proportion of 
women with a progesterone receptor–negative status was higher 
in the group with resolution of NME extension to the nipple 
than in the group with no NME extension to the nipple at pre- 
and post-NAC MRI (P = .04; Table S4). At a median follow-up 
of 31 months (range, 11–80 months), no disease recurrence was 
observed in the group with resolution of NME extension to the 
nipple. However, six of 45 women (13%) in the group with no 
NME extension to the nipple at pre- and post-NAC MRI expe-
rienced distant invasive tumor relapse. None of these patients 
had complete response at MRI after NAC. See Appendix S1 for 
information regarding outcomes in women with residual NME 
extension to the nipple.

Discussion
Neoadjuvant chemotherapy (NAC) enables a reduction in the 
tumor burden and tumor extent in treatment of breast cancer 
(18,19). Therefore, its use may increase opportunities for nipple-
sparing mastectomy (NSM) because it can eliminate tumor cells 
invading the nipple-areolar complex in patients with breast can-
cer extending to the nipple before NAC. Our study showed reso-
lution of nonmass enhancement (NME) extension to the nipple 

after NAC (hereafter, post-NAC) in 70.5% of women who had 
NME extension to the nipple at initial diagnosis. Among these 
women (ie, the group with resolution of NME extension to the 
nipple), only 2.6% (none with complete response at MRI) pre-
sented with residual tumors within the nipple-areolar complex. 
No recurrence in the nipple, breast, or distant organs was noted 
in women from the group with resolution of NME extension to 
the nipple who underwent NSM after NAC. Our results suggest 
that women with post-NAC resolution of NME to the nipple, 
and those who achieve a complete response at MRI, could be 
eligible for NSM.

The resolution of NME extension to the nipple indicates that 
clinical response is better than the persistence of NME exten-
sion to the nipple after NAC. Pathologic complete response rate 
in the group with resolution of NME extension to the nipple 
was 45%, whereas that in the group with residual NME exten-
sion to the nipple was 12.5%. Factors associated with pathologic 
complete response such as high Ki-67, high tumor-infiltrating 
lymphocytes, and low clinical T stage were more prevalent in the 
group with resolution of NME extension to the nipple than in 
the group with residual NME extension to the nipple (20–22). 
In addition, 58% of the cases with resolution of NME extension 
to the nipple involved HER2-positive breast cancer, whereas 
50% of the patients with residual NME extension to the nipple 
involved hormone receptor–positive, HER2-negative breast can-
cer. The response to NAC is poorer in patients with hormone 
receptor–positive, HER2-negative breast cancer than in those 
with HER2-positive breast cancer or triple-negative breast can-
cer (1,23). Moreover, 76% of the women with HER2-positive 
breast cancer were administered six cycles of docetaxel, carbo-
platin, trastuzumab, and pertuzumab, known as the TCHP 
regimen. The TCHP regimen increased pathologic complete re-
sponse rate by more than 50% in trials (24–26). Accordingly, the 
better response observed in the group with resolution of NME 
extension to the nipple (compared with the group with residual 

Figure 6: Diagram shows status of changes in nonmass enhancement (NME) extension to the nipple after neoadjuvant 
 chemotherapy (NAC).
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Table 1: Clinical and Pathologic Characteristics in Women with Mastectomy with Removal of the Nipple-Areolar Complex 
according to Nonmass Enhancement Change with Neoadjuvant Chemotherapy

Characteristic

Residual NME 
Extension to  
the Nipple  
(n = 64)

Resolution of  
NME Extension  
to the Nipple  
(n = 153)

New NME Extension 
to the Nipple at  
Post-NAC MRI  
(n = 2)

No NME Extension 
to the Nipple at  
Pre- and Post-NAC 
MRI (n = 107) Total (n = 326) P Value*

Age .84
 Mean (y) 50 ± 9.9 (26–76) 49 ± 9.6 (31–74) 37 ± 2.8 (35–39) 49 ± 8.9 (27–77) 49 ± 9.4 (26–77) .33†

 <50 y 38 (59.4) 89 (58.2) 2 (100) 62 (57.9) 191 (58.6)
 ≥50 y 26 (40.6) 64 (41.8) 0 45 (42.1) 135 (41.4)
Histologic type .71
 IDC 57 (89) 144 (94) 2 (100) 99 (92) 302 (92)
 ILC 3 (5) 5 (3) 0 4 (4) 12 (4)
 Other 4 (6) 4 (3) 0 4 (4) 12 (4)
HG‡ .83
 I or II 32 (86) 81 (82) 2 (100) 56 (80) 171 (82)
 III 5 (14) 18 (18) 0 14 (20) 37 (18)
ER .02
 Positive 41 (64) 66 (43) 0 53 (49) 160 (49)
 Negative 23 (36) 87 (57) 2 (100) 54 (51) 166 (51)
PR .04
 Positive 29 (45) 42 (27) 0 39 (36) 110 (34)
 Negative 35 (55) 111 (73) 2 (100) 68 (64) 216 (66)
HER2 <.001
 Positive 20 (31) 88 (58) 0 43 (40) 151 (46)
 Negative 40 (69) 65 (42) 2 (100) 64 (60) 175 (54)
Subgroup <.001
 HR positive and 

HER2 negative
32 (50) 35 (23) 0 36 (34) 103 (32)

 HER2 positive 20 (31) 88 (57) 0 43 (40) 151 (46)
 TNBC 12 (19) 30 (20) 2 (100) 28 (26) 72 (22)
Ki-67‡ .05
 <14% 15 (56) 16 (30) 0 8 (26) 39 (35)
 ≥14% 12 (44) 38 (70) 1 (100) 23 (74) 74 (65)
TIL‡ .11
 <20% 29 (78) 60 (60) 1 (50) 40 (57) 130 (62)
 ≥20% 8 (22) 40 (40) 1 (50) 30 (43) 79 (38)
pCR <.001
 Yes 8 (13) 68 (44) 0 28 (26) 104 (32)
 No 56 (87) 85 (56) 2 (100) 79 (74) 222 (68)
cT stage .04
 II 13 (20) 47 (31) 1 (50) 44 (41) 105 (32)
 III 37 (58) 87 (57) 1 (50) 54 (51) 179 (55)
 IV 14 (22) 19 (12) 0 9 (8) 42 (13)
cN stage .84
 Positive 59 (92) 141 (92) 2 (100) 101 (94) 303 (93)
 Negative 5 (8) 12 (8) 0 6 (6) 23 (7)

Note.—Unless otherwise indicated, data are numbers of patients and data in parentheses are percentages. Mean data are ± SDs, with 
ranges in parentheses. cN stage = clinical N stage, cT = clinical T stage, ER = estrogen receptor, HER2 = human epidermal growth 
factor receptor 2, HG = histologic grade, HR = hormone receptor, IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma, 
NAC = neoadjuvant chemotherapy, NME = nonmass enhancement, pCR = pathologic complete response, PR = progesterone receptor, 
TIL = tumor-infiltrating lymphocyte, TNBC = triple-negative breast cancer.
* Unless otherwise noted, P values were obtained with the Fisher exact test.
† P value was obtained with the Student t test.
‡ Missing values.
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NME extension to the nipple) seems reasonable. Future im-
provements in neoadjuvant systemic therapy may expand NSM 
eligibility even in patients with pathologic findings of nipple in-
vasion at an initial diagnosis (27).

The frequency of pathologic nipple invasion in the group 
with resolution of NME extension to the nipple was low 
(2.6%); however, its presence could have increased the risk 
of nipple tumor recurrence. No statistically significant factors 
were identified at comparison of the pre-NAC clinical-patho-
logic characteristics between women with and without patho-
logic analysis–confirmed tumor invasion of the nipple in the 
group with resolution of NME extension to the nipple (Table 
3). However, pathologic analysis–confirmed tumor invasion 
of the nipple was not found in women with cT2 or complete 
response at MRI. Therefore, in patients with cT2 or smaller 
tumors and in women showing complete response at MRI, 
NSM could be considered if NME extension to the nipple is 
resolved after NAC.

Pathologic analysis–confirmed tumor invasion of the nipple 
was observed in 42% of women with NME extension to the 
nipple persisting after NAC, whereas our previous findings (16) 
showed that a rate of pathologic analysis–confirmed tumor inva-
sion of the nipple was 85.7% with serial sections of entire nipple-
areolar complex. This discrepancy may be because of differences 
in the pathologic evaluation protocols: Unlike in our previous 
study, pathologic analysis–confirmed tumor invasion of the nip-
ple in our present study was assessed using a single sagittal sec-
tion of the nipple-areolar complex. The previous studies (28–30) 
that did not perform pathologic analysis with serial slices of whole  
nipple-areolar complex have reported rates of pathologic analysis–
confirmed tumor invasion in the nipple that are 39%–62%. 
This is similar to our findings. In addition, preoperative che-
motherapy may affect the positive predictive value of sustained 
NME extension to the nipple, and further research to under-
stand clinical and radiologic characteristics of posttreatment 

NME is warranted. Considering our protocol for pathologic 
examination of the nipple-areolar complex, the pathologic in-
vasion rate was expected to be higher in the group with resid-
ual NME extension to the nipple. Therefore, the patients with 
persistent NME extension to the nipple after NAC should be 
considered ineligible for NSM.

Our study had several limitations. First, the interobserver 
and intraobserver variabilities were not evaluated in this study 
because of its retrospective nature and the relatively long span. 
However, radiologists interpreting the images had more than 
8 years of breast MRI experience. Second, differences in MRI 
techniques during the study period may have affected the re-
producibility of our findings. Nevertheless, the diagnostic per-
formance of this imaging modality may be improved through 
further research and continuous advancement of MRI facilities. 
Another limitation is that the NAC regimen changed over time. 
However, improvements in NAC regimens are expected to ex-
pand NSM eligibility by increasing the rates of resolution of 
NME extension to the nipple. Finally, although no recurrence 
occurred in women with resolution of NME extension to the 
nipple who underwent NSM, the sample size and follow-up 
period were insufficient to address the oncologic safety of NSM. 
A previous study (10) described a similar finding of no recurrence 
at the nipple during a mean follow-up of 73 months in patients 
who initially presented with tumor extension in the subareolar 
area. However, the analysis was conducted in a relatively small 
cohort. More studies with larger cohorts and sufficient follow-up 
periods are needed to verify our findings.

In conclusion, nonmass enhancement (NME) extension to 
the nipple resolved after neoadjuvant chemotherapy (NAC) 
in approximately 70% of the women who presented with it at 
breast MRI before NAC. Pathologic analysis–confirmed tumor 
invasion of the nipple was scarce in these women, particularly in 
women with complete response at MRI after NAC. Accordingly, 
nipple-sparing mastectomy (NSM) may be a feasible surgical 

Table 2: Pathologic Analysis–confirmed Tumor Invasion of the Nipple according to the Nonmass Enhancement Change with 
Neoadjuvant Chemotherapy

NME Change
Pathologic Analysis–confirmed 
Tumor Invasion of the Nipple

No Pathologic Analysis–confirmed 
Tumor Invasion of the Nipple Total 

Women who underwent mastectomy with  
removal of the nipple-areolar complex*

 Residual NME extension to the nipple 27 (42) [30.1, 54.3] 37 (58) [45.7, 69.9] 64
 Resolution of NME extension to the nipple 4 (3) [0, 6.5] 149 (97) [93.5, 100] 153
  New NME extension to the nipple on  

post-NAC MRI 1 (50) [37.8, 62.3] 1 (50) [37.8, 62.3] 2
  No NME extension to the nipple on pre- and  

post-NAC MRI 0 107 (100) 107
Women with complete MRI response who received 

nipple-sacrificing surgery*
 Resolution of NME extension to the nipple 0 31 (100) 31
  No NME extension to the nipple on pre- and  

post-NAC MRI 0 15 (100) 15

Note.—Unless otherwise indicated, data are numbers of women; data in parentheses are percentages and data in brackets are 95% CIs. 
NAC = neoadjuvant chemotherapy, NME = nonmass enhancement.
* Mastectomy with removal of the nipple-areolar complex includes conventional mastectomy and skin-sparing mastectomy.
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Table 3: Clinical and Pathologic Characteristics according to the Pathologic Analysis–confirmed Tumor Invasion of the Nipple 
in Women with Resolution of Nonmass Enhancement Extension to the Nipple after Neoadjuvant Chemotherapy

Characteristic
Pathologic Analysis–confirmed Tumor  
Invasion of the Nipple (n = 4)

No Pathologic Analysis–confirmed Tumor 
Invasion of the Nipple (n = 149) Total (n = 153) P Value*

Age .64
 Mean (y) 48 ± 7.5 (42–59) 49 ± 9.6 (31–74) 49 ± 9.6 (31–74) .77†

 <50 y 3 (75) 86 (58) 89 (58)

 ≥50 y 1 (25) 63 (42) 64 (42)
Histologic type .22
 IDC 3 (75) 141 (94) 144 (94)
 ILC 1 (25) 4 (3) 5 (3)
 Other 0 4 (3) 4 (3)
HG‡ .56
 I or II 3 (75) 78 (82) 81 (82)
 III 1 (25) 17 (18) 18 (18)
ER .63
 Positive 1 (25) 65 (44) 66 (43)
 Negative 3 (75) 84 (56) 87 (57)
PR >.99
 Positive 1 (25) 41 (28) 42 (28)
 Negative 3 (75) 108 (72) 111 (72)
HER2 .31
 Positive 1 (25) 87 (58) 88 (58)
 Negative 3 (75) 62 (42) 65 (42)
Subgroup .13
 HR-positive and HER2-negative 1 (25) 34 (23) 35 (23)
 HER2-positive 1 (25) 87 (58) 88 (57)
 TNBC 2 (50) 28 (19) 30 (20)
Ki-67‡ >.99
 <14% 0 16 (30) 16 (30)

 ≥14% 1 (100) 37 (70) 38 (70)
TIL‡ >.99
 <20% 2 (50) 58 (60) 60 (60)

 ≥20% 2 (50) 38 (40) 40 (40)
pCR .13
 Yes 0 68 (46) 68 (44)
 No 4 (100) 81 (54) 85 (56)
Complete response at MRI .58
 Yes 0 31 (21) 31 (20)
 No 4 (100) 118 (79) 122 (80)
cT stage .44
 II 0 47 (31) 47 (31)
 III 4 (100) 83 (56) 87 (57)
 IV 0 19 (13) 19 (12)
cN stage >.99
 Positive 4 (100) 137 (92) 141 (92)
 Negative 0 12 (8) 12 (8)
ypT stage .04
 0 0 61 (41) 61 (40)
 Tis 0 12 (8) 12 (8)
 I 1 (25) 41 (27) 42 (27)
 II 2 (50) 31 (21) 33 (22)
 III 1 (25) 4 (3) 5 (3)
ypN stage .007
 0 0 96 (65) 96 (63)
 I 1 (25) 30 (20) 31 (20)
 II 2 (50) 15 (10) 17 (11)
 III 1 (25) 8 (5) 9 (6)

Note.—Unless otherwise noted, values are the numbers of patients, with percentages in parentheses; mean data are ± SDs with ranges in parentheses. cN stage = 
clinical N stage, cT stage = clinical T stage, ER = estrogen receptor, HER2 = human epidermal growth factor receptor 2, HG = histologic grade, HR = hormone 
receptor, IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma, NME = nonmass enhancement, pCR = pathologic complete response, PR = 
progesterone receptor, TIL = tumor-infiltrating lymphocyte, Tis = tumor in situ, TNBC = triple-negative breast cancer, ypN stage = pathologic N stage, ypT stage = 
pathologic T stage.
* Unless otherwise noted, P values were obtained with the Fisher exact test.
† P value was obtained with the Student t test.
‡ Missing values.



Nonmass Enhancement Extension to the Nipple after Neoadjuvant Chemotherapy

10 radiology.rsna.org  ■  Radiology: Volume 307: Number 2—April 2023

procedure in women with resolution of NME extension to the 
nipple at breast MRI after NAC. Further research with a large 
cohort is warranted to establish the oncologic safety of NSM in 
this subpopulation.
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