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Abstract

Background—Nipple-sparing mastectomy (NSM) is increasingly performed for invasive breast
cancer. Growing evidence supporting NSM’s oncologic safety has led to its widespread use and
broadened indications. Here we examine indications, complications, and long-term outcomes of
therapeutic NSM.

Methods—From 2003-2016, women undergoing NSM for invasive cancer or ductal carcinoma
in situ (DCIS) were identified from a prospectively maintained database. Patient and disease
characteristics were compared by procedure year. Complications were compared by procedure
year using generalized mixed effects models accounting for a random surgeon effect. Overall
survival and time to recurrence were examined.

Results—Of the 467 therapeutic NSMs, 337 (72%) were invasive cancer, 126 (27%) were DCIS,
and 4 (1%) were phyllodes tumors. Median age was 45 years (range 24—75); median follow-up
among survivors was 39.4 months. 357 (76.4%) cases were performed in 2011 or after. When
comparing NSMs performed before and after 2011, there was a significant increase in NSMs
performed for invasive tumors (58% vs 77%, p<.001). There was no difference in family history,
genetic mutations, smoking status, neoadjuvant chemotherapy, prior radiation, nodal involvement,
or tumor subtype. 21 (4.5%) nipple excisions were performed; of which 14 were performed for
cancer at the nipple margin. 44 breasts (9.4%) had complications that required re-operation. 15
patients had locoregional recurrence or distant metastasis.
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Conclusions—NSM use for invasive carcinoma has doubled at our institution since 2011, while
postoperative complications and recurrence rates remain low. Our experience supports the
selective use of NSM in the malignant setting with careful patient selection.
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INTRODUCTION

Many patients who have total mastectomy for invasive cancer or ductal carcinoma in situ
(DCIS) undergo immediate breast reconstruction. In this setting, skin-sparing mastectomy
(SSM) or nipple-sparing mastectomy (NSM) are performed. SSM was first described by
Toth and Lappert, and is performed by removing the entire breast parenchyma through a
small ellipse of skin that encompasses the nipple-areola complex. NSM was first described
by Freeman,2 and preserves the skin envelope and nipple-areolar complex while all
glandular breast tissue is removed. Preserving the skin envelope in either SSM or NSM
allows the breast to be reconstructed immediately, with implant-based or tissue-transfer
techniques

The oncologic safety of SSM has been established, with equivalent recurrence rates
compared to a standard total mastectomy,3-11 and it is accepted as the standard mastectomy
procedure without increased risk of local recurrence. Unlike SSM, NSM leaves a small
amount of ductal tissue behind the nipple, and this has raised oncologic concerns of
potentially increasing the risk of local recurrence.12:13 Due to this oncologic concern, a
section of the retroareolar tissue (also called “nipple-margin™) is usually examined routinely
to exclude cancer involvement. Nipple-areolar complex involvement on women undergoing
therapeutic NSM ranges from 8% to 33%, with the majority at 25% in mastectomy
specimens,12:14.15 and multiple studies with follow-up ranging from 10-101 months have
demonstrated low rates of locoregional recurrence.12:16:17

In 2009 we reported our initial NSM experience at Memorial Sloan Kettering Cancer Center
(MSK); at the time, most cases were risk-reduction prophylactic mastectomies.18 As the use
of NSM has become more widespread, and as evidence supporting the oncologic safety of
NSM has increased, its indications have broadened over time to the point where more NSMs
are being performed for cancer. This study reviews and examines the indications,
complications, and long-term outcomes of therapeutic NSM performed at our institution.

METHODS

Following institutional review board approval, we queried MSK’s prospectively maintained
breast cancer database to identify patients who underwent NSM for invasive cancer or DCIS
with or without a contralateral prophylactic NSM between 2003-2016. We excluded all
patients undergoing bilateral prophylactic or risk-reduction NSM with no cancer diagnosis.

All electronic medical records were reviewed to update the follow-up status for each patient.
The following variables were collected: age at diagnosis; family history of breast/ovarian

Ann Surg Oncol. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Valero et al.

Page 3

cancer (= 1 first- or second-degree family member with breast cancer); genetic testing, if
performed, with mutations detected; smoking status at the time of diagnosis; pathologic T
and N stage; histologic grade; estrogen receptor status; progesterone receptor status; HER?2
status; use of neoadjuvant and adjuvant chemotherapy, radiation therapy, hormonal therapy,
or trastuzumab.

Compared to our previous report, NSM selection criteria were expanded to only exclude
those patients with locally advanced breast cancer, extensive disease in the periphery of the
breast (where limited exposure can become an obstacle to appropriately remove the breast
tissue), direct invasion of the nipple, and tumors < 1 cm from nipple on imaging. Patients
with increased risk factors for nipple necrosis, such as, prior radiation, smoking, cup size >
C were also not considered eligible. All procedures were performed by a surgeon from the
MSK breast surgical service in coordination with a plastic surgeon. We also reviewed the
type of reconstruction procedure (implant/expander or autologous) performed in each case.
The following complication incidences were recorded: residual cancer in the nipple margin,
whether on frozen section or final pathology, requiring removal of the nipple-areolar
complex; nipple or areola loss; re-operation; infection; expander/implant removal; seroma;
hematoma; skin desquamation (defined as partial-thickness skin loss not requiring surgical
debridement); or mastectomy flap necrosis (defined as full-thickness skin loss requiring
surgical debridement).

Each mastectomy was considered an individual event in patients with bilateral breast
malignancies, and contralateral prophylactic mastectomies (CPMs) were recorded as such.
Patient and disease characteristics were summarized using the median (minimum,
maximum) when continuous, and the frequency (%) when categorical. Patients were
classified as having surgery before 2011, or during 2011 and after. Patient and disease
characteristics were compared according to year of surgical procedure using the Kruskal-
Wallis test for continuous variables and Fisher’s exact test for categorical variables.
Complications were compared according to year of surgical procedure using a generalized
mixed effects model that incorporated a random intercept to account for correlation among
procedures done by the same surgeon. Because of the small number of patients with bilateral
therapeutic procedure (n = 18), statistical methods to account for correlation between these
dual observations were not utilized.

Overall survival (OS) was estimated from date of surgery to date of death. Time to
recurrence (TTR) was estimated from date of surgery to date of first local recurrence or
metastasis. Patients without the event of interest were censored at their date of last follow-
up. The Kaplan-Meier method estimated OS and TTR. The log-rank test was used for
comparisons according to year of surgical procedure.

A p-value < 0.05 was considered statistically significant. All statistical analyses were
conducted using R version 3.4.1 (R Core Development Team, Vienna, Austria).
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449 women underwent 777 NSMs between January 2003 and December 2016. Of these, 467
(60.1%) were performed for treatment of breast cancer and 310 (39.9%) were CPMs. Fig. 1
shows the institutional trends over time of therapeutic and contralateral prophylactic NSMs.

Patient characteristics at presentation and by surgery year are described in Table 1. The
median age for the entire cohort was 45 years (range 24-75), and the median follow-up time
among survivors was 39.4 months (range 0.4-150). Of the 449 patients, 118 (26.3) had = 1
first-degree relative with breast cancer and 11 (2.4%) had = 1 first-degree relative with
ovarian cancer. Genetic testing was performed in 270 (60.1%) patients; 28 (10.4%) were
positive for a deleterious BRCA1 mutation and 18 (6.7%) were positive for the BRCA2
mutation. 326 (72.6%) patients had never smoked, 98 (21.8%) were former smokers, and
only 25 (5.6%) were current smokers. 32 (7.1%) had received prior radiation either for prior
breast cancer or mantle radiation. Preoperative MRI was performed in 294 (65.5%) patients.
344 (76.6%) patients were operated on after 2011. There was no difference in patient
characteristics before and after 2011 regarding family history, genetic mutations, smoking
status, prior radiation, or rate of CPM. There was an increased use of preoperative MRI (p
<.001) (Table 1).

Tumor histology and management by surgery year are described in Table 2. Of the 467
therapeutic NSMs, 337 (72.2%) were performed for invasive cancer, 126 (27.0%) were
DCIS, and 4 (0.9%) were phyllodes tumors. Among all therapeutic cases, 123 (26.3%) were
stage 0, 230 (49.3%) were stage I, 83 (17.8%) were stage Il, 18 (3.9%) were stage 111, and
13 (2.8%) were of unknown stage. The median tumor size was 1.2 cm (range 0-9) for all
invasive tumors. Sentinel lymph node biopsy (SLNB) was the only axillary procedure
performed in 388 (83.1%) of all therapeutic NSM breast cancer cases, and axillary lymph
node dissection (ALND) was performed in 54 (11.6%). When comparing NSMs performed
before and after 2011, there was an increased use of SLNB (p < .001) and a significant
increase in the number of therapeutic NSMs performed for invasive tumor histology after
2011 (58% versus 77%, p < .001) (Table 2). Patients treated after 2011 also tended to have a
higher T stage (p = 0.009) and higher overall TNM stage (p = 0.005) (Table 2).

Of the 449 patients undergoing therapeutic NSMs, 150 (33.4%) received adjuvant
chemotherapy and 233 (51.9%) received adjuvant endocrine therapy; only 33 (7.3%)
received neoadjuvant chemotherapy. Only 37 (7.9%) of all 467 therapeutic NSMs received
postmastectomy radiation therapy (PMRT). Patients treated after 2011 more frequently
received adjuvant endocrine therapy (p = 0.001) (Table 2).

Almost all 449 patients underwent breast reconstruction procedures, of which 391 (87.1%)
were tissue expander/implant based. 45 (10.0%) went straight to implant, and 10 (2.2%) had
autologous flaps. Only 3 (0.7%) had no reconstruction due to small breast size.

The nipple-areolar complex was entirely preserved in 446 therapeutic mastectomies
(95.5%). There were a total of 21 (4.5%) nipple excisions, with 14 performed due to cancer
at the nipple margin (Table 3). 186 (39.8%) breasts had some degree of skin desquamation at
follow-up, but most of these were mild and resolved fully without intervention; 38 (8.1%)
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had skin necrosis requiring debridement. 44 (9.4%) had a complication that required a re-
operation, including implant removal in 16 breasts (3.4%). 28 patients (6.0%) were treated
for infection. There was no significant difference in the rate or type of complications
between NSMs performed before or after 2011 (all p > 0.05) (Table 3).

Of the 310 CPMs performed, 24 (7.7%) harbored occult malignancies; 6 (1.9%) were
invasive cancers, and 18 (5.8%) were DCIS only.

At a median follow-up of 39.4 months (range 0.4-150), 7 patients had died (Fig. 2A) and 15
patients had recurrence (Fig. 2B). Of these, 3 were locoregional recurrences (LRRs) only, 11
were distant metastasis only, and 1 was an LRR and distant metastasis. None of the LRRs
involved the nipple-areolar complex.

DISCUSSION

Preservation of the nipple-areolar complex enhances the cosmetic results of the mastectomy
procedure and has been shown to positively contribute to postmastectomy body image.19-24
Patients with preserved nipple-areolar complexes reported higher levels of psychosocial
well-being.226 Even in instances when patients reported nipple sensation and arousal as
“fair” with NSM,27-29 studies have shown that women still reported better body image and
improved self-esteem. In an earlier report from MSK, cosmetic results of NSM were

reported as “excellent” in 30 of 42 (71.4%) patients, and “good” in 7 of 42 (16.7%) patients.
18

Unilateral and contralateral prophylactic mastectomy rates have been increasing despite
growing evidence that long-term survival is equivalent regardless of whether BCS or
mastectomy is performed, even among women who are considered appropriate candidates
for BCS at presentation.3031 In our cohort, 69% of patients elected to have a CPM. BRCA1/
BRCAZ2 testing, increased use of preoperative MRI, and increased anxiety have all been
implicated in the increasing rates of mastectomy (in patients who are candidates for BCS)
and CPM. 60.1% of women in our cohort had genetic testing, 17.1% tested positive for
BRCA1/BRCAZ2, and 65.5% had a preoperative MRI. Paralleling the increase in bilateral
mastectomies, there has been an increase in the rate of NSM for therapeutic purposes in the
United States.32 In our study, 72% of the NSMs were performed for invasive cancer; the
remainder was performed for in-situ disease. This correlates with national and international
trends in which two-thirds of NSMs are performed for invasive cancer.32:33

The use of NSM has expanded from risk-reduction procedures to the treatment of breast
cancer. In our early experience, NSM was selectively recommended for patients undergoing
risk-reduction procedures and mastectomy for DCIS.18 National Comprehensive Cancer
Network guidelines3* recommend selecting patients with early-stage and biologically
favorable invasive cancers or in situ cancers for NSM. In our more recent cohort, more
patients with invasive cancer underwent NSM; however, the majority were stage I-11. We
have also selectively offered NSM to patients with more aggressive subtypes; 16.1% of
invasive cancers were HER2 positive and 10.2% were triple negative (Table 2). This reflects
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the expanded indications of NSMs to cancer patients, as evidence supporting the oncologic
safety has increased.

Single-institution studies have reported similarly on the expansion of the eligibility criteria
for NSM over time to include women with larger breasts, more advanced disease, larger
tumors or node-positive disease, and prior radiation therapy (breast or mantle), and even in
cases that might require PMRT without compromising oncologic outcomes.35-38 In a single
retrospective study examining outcomes of NSM after neoadjuvant chemotherapy, after 3
years of follow-up, the LRR was 1.6% and none of those recurrences involved the nipple.3’
Despite concerns regarding NSM use in the setting of prior radiation, our study shows that it
can be used selectively with good results. 32 (7.1%) patients in our cohort of 449 women
proceeded with NSM after previous radiation without increased postoperative complications
or nipple loss. These low complication rates associated with NSM after radiation have been
similarly demonstrated in prior studies.3%40 PMRT was administered to 37 (7.9%) breasts in
our cohort without increasing the complication rates or compromising their nipples; notably,
4 of those patients had nipple excision for invasive cancer at the nipple margin. Regardless
of whether SSM or NSM is used, complication rates are 3 times what is reported when
PMRT is not used.*! Overall, rates are comparable by stage, regardless of preservation of the
nipple, and therefore PMRT could be considered for NSM.42:43

Our single-institution experience is important, as it reviews our experience with NSM over
time while considering the broadening eligibility criteria for this procedure. At 39.4 months
median follow-up, 4 of 449 patients in our series developed locoregional recurrence, and
none of those recurrences involved the nipple-areolar complex. The data are encouraging,
but longer follow-up is needed to support the expanding indications for NSM and to
conclusively determine its oncologic safety. With appropriate follow-up, LRRs after SSM
range from 5.5-6.2% over 25-78.1 months, 1144 while LRRs with NSM range from 0-4.6%
over 10-60 months.16.33:35.36.45.46 \/ariation in the rate of the LRR can be explained by the
different inclusion criteria in each of those studies.

Involvement of the nipple-areolar complex is associated with tumor size, nodal involvement,
tumor distance to the nipple, tumor grade, lymphovascular invasion (LVI), and HER2
overexpression.#” Studies have also suggested that LRR is associated with tumor biology
rather than preservation of the nipple-areolar complex during NSM.*8 In our study of 467
NSMs, there were a total of 21 (4.5%) nipple excisions, of which 14 were performed due to
cancer at the nipple margin (4 invasive cancers and 10 DCIS). The nipple-areolar complex
was entirely preserved in 446 mastectomies (95.5%).

Strengths of our study include its evaluation of a relatively large cohort of NSM patients
over an extended time period. Our findings suggest that evolving indications over time did
not affect oncologic outcomes. Limitations of our study include its retrospective nature.
Additionally, we recognize that selection bias may have resulted in NSM being offered
disproportionately to patients with a good prognosis. However, the selection criteria for
NSM have expanded compared with our previous report to include higher stage and more
aggressive subtypes. The presence of a small number of cases with local or regional
recurrence during our median follow-up period of 39 months suggests that NSM is
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oncologically safe in this patient group; however, longer follow-up is needed to establish the
procedure’s long-term safety.

Conclusions

The use of NSM for invasive carcinoma has doubled at our institution since 2011, while
postoperative complications and recurrence rates have remained low. Despite this
encouraging experience, it is important to realize that long-term outcomes are needed to
confirm the safety of the procedure in selected patients with breast cancer. Our experience
supports the selective use of NSM in the malignant setting with careful patient selection.
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Synopsis:

Here we examine indications, complications, and long-term outcomes of therapeutic
nipple-sparing mastectomy. Our experience supports selective use of nipple-sparing
mastectomy in the malignant setting with careful patient selection.
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Fig. 1.
Institutional trends in nipple-sparing mastectomy from 2003-2016.
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Overall survival (A) and time to recurrence (B) among therapeutic procedures.
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Patient Characteristics by Surgery Year

TABLE 1

Median Age, years (range)
Family History
Breast Cancer (= 1% Degree)
Ovarian Cancer (= 1t Degree)
Genetic Testing
No
Yes
Mutations Detected (n = 270)
BRCA1
BRCA2
Smoking Status
Current Smoker
Never Smoker
Former Smoker
Prior Radiation
Yes
No
Preoperative MRI
Yes
No
Contralateral Prophylactic NSM
Yes
No

Overall (n = 449)
45 (24-75)

118 (26.3%)

11 (2.4%)

179 (39.9%)
270 (60.1%)

28 (10.4%)
18 (6.7%)

25 (5.6%)
326 (72.6%)
98 (21.8%)

32 (7.1%)
417 (92.9%)

294 (65.5%)
155 (34.5%)

310 (69.0%)
139 (31.0%)

NSM before 2011 (n = 105)
44 (25-64)

27 (25.7%)

6 (5.7%)

50 (47.6%)
55 (52.4%)

6 (10.9%)
5 (9.1%)

6 (5.7%)
74 (70.5%)
25 (23.8%)

12 (11.4%)
93 (88.6%)

43 (41.0%)
62 (59.0%)

75 (71.4%)
30 (28.6%)

NSM after 2011 (n = 344)
45 (24-75)

90 (26.2%)

5 (1.5%)

129 (37.5%)
215 (62.5%)

22 (10.2%)
13 (6.0%)

19 (5.5%)
252 (73.3%)
73 (21.2%)

20 (5.8%)
324 (94.2%)

251 (73.0%)
93 (27.0%)

235 (68.3%)
109 (31.7%)

p-value
0.51

0.90

0.03%
0.07

0.81
0.38
0.83

0.08

<.001

0.63

NSM nipple-sparing mastectomy

abold increased frequency of family history of ovarian cancer in cases before 2011

bbold denotes increased use of preoperative MRI
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TABLE 2

Tumor Histology and Management of Therapeutic Procedures by Surgery Year

Page 14

Tumor Histology

Invasive Cancer
DCIS
Phyllodes
Invasive Tumor Subtype (n = 337)
HR+/HER2-
HR+/HER2+
HR-/HER2-
HR-/HER2+
Unknown
Median Tumor Size (cm, range)
T Category
Tis
T1
T2
T3
Unknown/Others
Nodal Status
Node Negative

Node Positive
Breast Cancer Stage

0
|
1
1

Unknown
Axillary Procedure

SLNB
ALND
None
Neoadjuvant Chemotherapy (n = 449)
Yes
No
Adjuvant Chemotherapy (n = 449)
Yes
No

Unknown

PMRT (n = 467)

Overall (n = 467)

337 (72.2%)
126 (27.0%)
4 (0.9%)

232 (68.8%)
38 (11.3%)
35 (10.4%)
17 (5.0%)
15 (4.5%)
1.2 (0-9)

126 (27.0%)

268 (57.4%)

57 (12.2%)
2 (0.4%)
14 (3.0%)

390 (83.5%)
77 (16.5%)

123 (26.3%)

230 (49.3%)
83 (17.8%)
18 (3.9%)
13 (2.8%)

388 (83.1%)
54 (11.6%)
25 (5.4%)

33 (7.3%)
416 (92.7%)

150 (33.4%)
295 (65.7%)
4(0.9%)

NSM before 2011 (n = 110)

64 (58.2%)
44 (40.0%)
2 (1.8%)

42 (65.6%)
4 (6.2%)
12 (18.8%)
3 (4.7%)

3 (4.7%)
1.2 (0.1-8.2)

44 (40.0%)
52 (47.3%)
10 (9.1%)

4 (3.6%)

92 (83.6%)
18 (16.4%)

43 (39.1%)

42 (38.2%)

16 (14.5%)
4 (3.6%)
5 (4.5%)

75 (68.2%)
21 (19.1%)
14 (12.7%)

4 (3.8%)
101 (96.2%)

37 (35.2%)
68 (64.8%)
0 (0%)

NSM after 2011 (n = 357)

273 (76.5%)
82 (23.0%)
2 (0.6%)

190 (69.6%)
34 (12.5%)
23 (8.4%)
14 (5.1%)
12 (4.4%)
1.2 (0-9)

82 (23.0%)

216 (60.5%)

47 (13.2%)
2 (0.6%)
10 (2.8%)

298 (83.5%)
59 (16.5%)

80 (22.4%)

188 (52.7%)
67 (18.8%)
14 (3.9%)
8 (2.2%)

313 (87.7%)
33 (9.2%)
11 (3.1%)

29 (8.4%)
315 (91.6%)

113 (32.8%)
227 (66%)
4 (1.2%)
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< .001%

0.08

0.65

0.009

1.0

0.005¢

<.001

0.14

0.72

0.55
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Yes
No
Unknown
Adjuvant Endocrine Therapy (n=449)
Yes
No

Unknown

Overall (n = 467)
37 (7.9%)
428 (91.6%)

2 (0.4%)

233 (51.9%)
210 (46.8%)
6 (1.3%)

NSM before 2011 (n = 110)
7 (6.4%)
103 (93.6%)

40 (38.1%)
65 (61.9%)
0 (0%)

NSM after 2011 (n = 357)
30 (8.4%)
325 (91.0%)
2 (0.6%)

193 (56.1%)
145 (42.2%)
6 (1.7%)

p-value

0.001°

NSM nipple-sparing mastectomy, DC/S ductal carcinoma in situ, SLA/B sentinel lymph node biopsy, ALND axillary lymph node dissection, PMRT

postmastectomy radiation therapy

abold denotes there was a significant increase in the number of therapeutic NSMs performed for invasive tumor histology after 2011

bbold denotes patients after 2011 tended to have a higher T stage

cbold denotes patients after 2011 tended to have a higher overall TNM stage

a . .
bold denotes patients after 2011more frequently received SLNB

e . . . .
bold denotes patients after 2011 more frequently received adjuvant endocrine therapy
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Complications Among Therapeutic Procedures by Surgery Year. P-Values from Mixed Effects Model

Accounting for Random Surgeon Effect

TABLE 3

Overall (n =467) | NSM before 2011 (n =110) | NSM after 2011 (n = 357) | p-value
Any Complication 221 (47.3%) 52 (47.3%) 169 (47.3%) 0.91
Nipple Excision 21 (4.5%) 7 (6.4%) 14 (3.9%) 0.37
Re-operation for Complication 44 (9.4%) 12 (10.9%) 32 (9.0%) 0.54
Skin Desquamation 186 (39.8%) 42 (38.2%) 144 (40.3%) 0.73
Skin Necrosis 38 (8.1%) 7 (6.4%) 31 (8.7%) 0.45
Hematoma 13 (2.8%) 3(2.7%) 10 (2.8%) 0.97
Implant/Expander Removal 16 (3.4%) 3(2.7%) 10 (2.8%) 0.65
Infection 28 (6.0%) 5 (4.5%) 23 (6.4%) 0.47

NSM nipple-sparing mastectomy
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