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ABSTRACT
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INTRODCUTION  Although nipple sparing mastectomy (NSM) has attracted increased recognition as an alternative to traditional
mastectomy approaches, its oncological safety is unclear. The purpose of this study was to compare the local recurrence rate

METHODS Between 2003 and 2013, 121 and 557 patients with stage O-Ill breast cancer underwent NSM and TM respec-
tively. Multivariate Cox regression and propensity score models were used to compare the two groups.

RESULTS There was no significant difference in the five-year local recurrence rate between the NSM and TM groups (7.6% vs
4.9%, p=0.398). In multivariate analysis, NSM was not a risk factor for local recurrence (hazard ratio: 1.653, 95% confidence
interval: 0.586-4.663, p=0.343). Propensity score matching found similar five-year local recurrence free survival rates between

CONCLUSIONS  Our results suggest that NSM may provide oncological safety comparable with mastectomy for carefully selected
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Since the advent of Halsted’s radical mastectomy in the
1800s, there have been significant advances in breast can-
cer surgery concerning oncological safety and cosmetic
outcome. The modified radical mastectomy commonly per-
formed today was first described by Madden in 1965." The
local recurrence rate after mastectomy was roughly 10%
at 10 years.>™ Toth and Lappert first described skin spar-
ing mastectomy (SSM) in 1991.> SSM removes the entire
breast and nipple-areola complex (NAC) while preserving
the skin envelope and the natural inframammary fold.
A meta-analysis revealed that the local recurrence rates
after SSM are equivalent to those after modified radical
mastectomy.®

Surgery for breast cancer has traditionally included
resection of the NAC over concerns that this area may har-
bour occult tumour cells. Large trials have reported NAC
involvement in 5-12% of cases.”® As early as 1984, Hinton
et al reported that nipple sparing mastectomy (NSM)
achieved local recurrence and survival rates equivalent to
those for modified radical mastectomy.’ Nevertheless,
prominent surgeons concluded that NSM may carry an
unacceptably high risk for local recurrence and that this
procedure should therefore not be advocated.'®!!

The controversy over the safety of NSM may be similar
to the early controversy over the safety of breast conserv-
ing surgery. In 2002 Fisher et al reported 20-year follow-up
data comparing lumpectomy, lumpectomy followed by radi-
ation and mastectomy.'? They included two treatment arms
in which the nipple was preserved and one treatment arm
in which the nipple was removed. The fact that the pro-
spective randomised trial identified no treatment related
difference in long-term survival is evidence that removal
of the nipple is not associated with a survival advantage in
the initial treatment of breast cancer.

In observational studies, treatment selection is often
influenced by subject characteristics and baseline charac-
teristics of treated subjects often differ systematically from
those of untreated subjects. These differences in baseline
characteristics between treated and untreated subjects
must therefore be taken into account when estimating the
effect of treatment on outcomes. As a result, there has
been increasing interest in methods based on propensity
score matching to reduce the effects of confounding varia-
bles when using observational data.

Although its oncological safety is still controversial, NSM
has attracted increased recognition as an alternative to
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traditional mastectomy approaches. In this study, we inves-
tigated the local recurrence rate after NSM, comparing it
with that of total mastectomy (TM) using propensity score
matching.

Methods

A prospective database of stage 0-III breast cancer patients
who received NSM or TM between 1 January 2003 and 30
October 2015 at Keio University Hospital was analysed ret-
rospectively. Patients without indication for breast conserv-
ing surgery by preoperative imaging including magnetic
resonance imaging (MRI), ultrasonography and mammog-
raphy were eligible for NSM. Those with suspicion of
tumour involvement in the NAC or skin according to pre-
operative imaging were ineligible for NSM. Patients who
received neoadjuvant therapy were included in the study.

Frozen section analysis of subareolar tissue was per-
formed during the surgery. Appropriate adjuvant therapy
was administered based on the postoperative pathological
examination.

Statistical analysis
The t-test and chi-squared test were used for continuous
and categorical data respectively. Survival was calculated
from the time of surgical resection of the primary tumour
to the last follow-up visit or to the death of the patient.
Local recurrence was defined as tumour relapse in the
ipsilateral nipple, skin flap or chest wall. The probabilities
of overall survival and of recurrence free survival were
estimated using the Kaplan-Meier method. The logrank
test was used to compare survival between the groups.
Propensity score matching was used to reduce selection
bias. Binary logistic regression was used to calculate a pro-
pensity score for each patient who underwent NSM or TM.
The covariates entered in the propensity model were age,
distance between the tumour and the nipple, clinical tumour
stage and multicentricity/multifocality. The discrimination
of the propensity model was assessed with calculation of the
area under the receiver operating characteristic curve
(AUCQ). After estimating the propensity score, matched pairs
were created between patients who underwent NSM and TM
using a one-to-one nearest-neighbour caliper matching
method, which pairs patients who have the closest propen-
sity scores. A caliper of 1.0 (maximum allowable difference
in propensity scores between the two patients being
matched) was defined. Only patients whose propensity
scores were matched were included in the study.
Subsequently, the balance of all observed covariates,
interactions among all covariates and quadratic terms of
all covariates were examined. The Kaplan-Meier method
was used to compare the prognosis of each group after
propensity score matching. The hazard ratio (HR) for local
recurrence was examined using the Cox proportional haz-
ards model. Variables found to be statistically significant in
univariate analysis were included in multivariate analysis.
Statistical analysis of the data was performed using
SPSS® version 20 (IBM, New York, US) and Stata® version
12 (StataCorp, College Station, TX, US). A p-value of <0.05
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was considered statistically significant and all tests were
two-tailed.

Results

Between January 2005 and October 2013, NSM and TM
was performed in 121 and 557 patients respectively. The
baseline characteristics of the patients are summarised in
Table 1. Significant differences between the NSM and TM
groups were observed in terms of age, tumour-nipple dis-
tance, multicentricity/multifocality, clinical tumour stage,
histological type, pathological tumour size, nuclear grade,
hormone receptor status and number of pathologically pos-
itive lymph nodes. The proportion of patients who had
endocrine therapy and radiotherapy was significantly dif-
ferent between the two groups.

Tumour involvement in the nipple-areola complex

In the NSM group, frozen section analysis during surgery
demonstrated tumour involvement of the NAC in five
patients (4.1%) and the NAC was removed immediately in
all five patients. Permanent section analysis identified
another two cases (1.7%) of NAC involvement. Among
those with NAC involvement determined after surgery, one
patient underwent removal of the NAC one month follow-
ing primary surgery. The other patient received radiother-
apy without removal of the NAC in accordance with the
patient’s preference.

Reconstruction

Forty-seven patients (38.8%) in the NSM group underwent
two-stage reconstruction with a tissue expander and four
(3.3%) underwent immediate autologous reconstruction,
including one patient with a deep inferior epigastric perfo-
rator flap and three with a latissimus dorsi flap.

Complications

Nipple epidermal necrosis occurred in three patients
(2.5%). There were no patients with a haematoma needing
surgical intervention or infection in the NSM group.

Oncological outcomes

The median follow-up durations in the NSM and TM
groups were 28.0 months (range: 1-115 months) and 43.0
months (range: 1-121 months) respectively. Local recur-
rence was observed in 5 patients (4.1%) in the NSM group
and 13 patients (2.3%) in the TM group. There was no sig-
nificant difference in the five-year local recurrence rates
for the NSM and TM groups (7.6% vs 4.9%, p=0.398) (Fig
1). Among the five patients with local recurrence in the
NSM group, NAC and skin flap recurrence was observed in
two (1.7%) and three patients (2.5%), respectively (Table
2). In all 5 patients, locally recurrent lesions were excised
completely and all of these patients were disease free at a
median follow-up period of 20.6 months.

Distant metastases occurred in 6 patients (5.0%) in the
NSM group and 61 patients (11.0%) in the TM group. There
was no significant difference in the five-year distant recur-
rence rates for the two groups (7.4% vs 3.9%, p=0.235)
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Variable
Mean age (years)

Mean tumour—nipple
distance (cm)

Preoperative imaging

Solitary
Multicentric/multifocal
T stage
Tis
T1
T2
T3
T4
Clinical nodal status
Negative
Positive

Histological type
Ductal carcinoma
in situ
Invasive ductal
carcinoma

Invasive lobular
carcinoma

Other

Mean pathological
tumour size (cm)

Nuclear grade
1
2
3
Unknown
Lymphovascular invasion
Positive
Negative
Hormone receptor status
Positive
Negative
HER2 status
Positive

Negative

NSM (n=121) TM (n=557) p-value

48 (SD: 8.9)
2.3 (SD: 1.6)

20 (16.5%)
101 (83.5%)

38 (31.4%)
45 (37.1%)
37 (30.6%)
2 (1.7%)
0 (0.0%)

109 (90.1%)
12 (9.9%)
<0.001

38 (31.4%)

73 (60.3%)

8 (6.6%)

2 (1.7%)
1.0 (SD: 1.3)

0.004

51 (42.1%)
15 (12.3%)
14 (11.6%)
41 (33.9%)

32 (26.5%)
89 (73.5%)

105 (86.8%)
16 (13.2%)

15 (12.4%)
66 (54.5%)

Unknown / not evaluated 40 (33.1%)

Number of pathological
positive nodes

0
1

102 (84.3%)
8 (6.6%)

61 (SD: 12.8)<0.001
1.5 (SD: 1.7) <0.001

<0.001
212 (38.6%)
337 (60.4%)

0.001
86 (15.4%)
179 (32.1%)
239 (42.9%)
26 (4.7%)
27 (4.9%)

0.039
444 (79.7%)
114 (20.3%)

86 (15.4%)

418 (75.0%)

19 (3.4%)

34 (6.1%)
1.7 (SD: 1.7) <0.001

199 (35.7%)
137 (24.6%)
122 (21.9%)
99 (17.8%)
0.455
170 (30.5%)
387 (69.5%)
0.034
436 (78.3%)
121 (21.7%)
0.088
142 (25.5%)
328 (58.9%)
87 (15.6%)
<0.001

353 (63.4%)
76 (13.6%)

Variable NSM (n=121) TM (n=557) p-value
2 5 (4.1%) 38 (6.8%)
3 3 (2.5%) 22 (3.9%)
4+ 3 (2.5%) 68 (12.2%)

Adjuvant therapy

92 (77.3%)
48 (40.3%)
7 (56.9%)

366 (65.7%) 0.017
224 (40.1%) 0.964
70 (12.9%) 0.030

Endocrine therapy

Chemotherapy

Radiotherapy
NSM = nipple sparing mastectomy; TM = total mastectomy;

SD = standard deviation; HER2 = human epidermal growth
factor receptor 2

(Fig 2). Simultaneous local and distant recurrence was not
observed in the NSM group whereas it occurred in six cases
(1.1%) in the TM group. Five-year overall survival was simi-
lar for the two groups (98.4% vs 95.2%, p=0.143) (Fig 3).

In univariate analysis, the risk factors for local recur-
rence after NSM and TM were lymphovascular invasion
and the number of pathologically positive lymph nodes.
The surgical procedure was not a significant risk factor for
local recurrence (HR: 1.557, 95% confidence interval [CI]:
0.554-4.381, p=0.401). In multivariate analysis, the only sig-
nificant risk factor for local recurrence was lymphovascu-
lar invasion (HR: 2.995, 95% CI: 1.071-8.375, p=0.037).

After nearest-neighbour matching using the propensity
scores, there were 66 cases in each group that could be
matched while there were 55 and 491 unmatched cases in
the NSM and TM groups respectively. The significant base-
line differences between the NSM and TM groups in terms
of age, tumour-nipple distance, multicentricity/multifocal-
ity and clinical tumour stage disappeared (Table 3). The
AUC was 0.833, indicating satisfactory discrimination. The
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Figure 1 Local recurrence rate
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Figure 2 Distant recurrence rate

five-year local recurrence free survival was similar for the
NSM and TM groups (92.3% vs 93.7%, p=0.655) (Fig 4).

Discussion

Although NSM has been considered useful for risk reduction
or small, peripherally located tumours without multicentric-
ity, use of this technique has recently been extending to
larger tumours and cases with locally advanced disease.
Much of the reluctance to use NSM arises from concern for
potentially higher local recurrence rates of the nipple spar-
ing technique. In our study, local recurrence was observed
in five patients in the NSM group (4.1%), including two NAC
and three skin flap recurrences, and there was no significant
difference in the five-year local recurrence rate between the
NSM and TM groups (7.6% vs 4.9%, p=0.398).
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Figure 3 Overall survival
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Table 3 Clinical characteristics after adjustment of propensity scores

Variable
Mean age
Mean tumour—nipple distance
Preoperative imaging
Solitary
Multicentric/multifocal
T stage
Tis
Tl
T2
T3
T4
Clinical nodal status
Negative
Positive
Histological type
Ductal carcinoma in situ
Invasive carcinoma
Mean pathological tumour size
Nuclear grade
1/2
3
Lymphovascular invasion
Negative
Positive
Hormone receptor status
Negative
Positive
Number of pathological positive nodes
0
1
2
3
4+
Adjuvant therapy
Endocrine therapy
Chemotherapy
Radiotherapy

NSM (n=66)
48 yrs (SD: 9.1 yrs)
2.2cm (SD: 1.5cm)

16 (24.2%)
50 (75.8%)

5 (7.6%)
30 (45.5%)
30 (45.5%)
1 (1.4%)
0 (0.0%)

55 (83.3%)
11 (16.7%)

5 (7.6%)
61 (92.4%)
1.4cm (SD: 1.2cm)

47 (78.3%)
14 (21.7%)

22 (33.3%)
44 (66.7%)

56 (84.9%)
10 (15.1%)

53 (80.3%)
5 (7.6%)
3 (4.5%)
2 (3.0%)
3 (4.5%)

35 (53.0%)
51 (77.3%)
6 (9.2%)

NSM = nipple sparing mastectomy; TM = total mastectomy; SD = standard deviation

TM™ (n=66)
46 yrs (SD: 8.7 yrs)
1.9cm (SD: 1.8cm)

16 (24.2%)
50 (75.8%)

6 (19.2%)
30 (45.5%)
28 (42.4%)
2 (3.0%)
27 (4.9%)

57 (86.4%)
9 (13.6%)

6 (9.1%)
60 (90.9%)
1.4cm (SD: 1.2cm)

43 (74.1%)
15 (25.9%)

23 (34.8%)
43 (65.2%)

55 (83.3%)
11 (16.7%)

41 (62.1%)
10 (15.1%)
10 (15.1%)
1 (1.5%)
4 (6.1%)

39 (59.1%)
50 (75.8%)
7 (10.8%)

p-value
0.256
0.235
1.000

0.920

0.627

0.753

1.000
0.592

0.845

1.000

1.000

0.590
1.000
1.000

Our local recurrence rates were consistent with previous
studies. Varying widely in sample size, inclusion criteria
and follow-up duration, prospective and retrospective

Ann R Coll Surg Engl 2015; 97: 291-297

studies have found local recurrence rates of 0-24% after
NSM.!>25 Although Benediktsson and Perbeck reported a
relatively high local recurrence rate of 24%, the NAC
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Figure 4 Local recurrence free survival after propensity score
adjustment

recurrence rate was 4%.'> Comparison of NSM, SSM and
modified mastectomy revealed local recurrence rates of
10.4%, 11.5% and 11.7% respectively.'” Petit et al found a
local recurrence rate of 5.2% after a median follow-up
period of 50 months for 934 patients who underwent
NSM.?*> A meta-analysis of 23 studies assessed incidence of
local recurrence following NSM.?® The mean follow-up
duration was 38.4 months (range: 7.9-101 months) and the
overall incidence of NAC recurrence was 0.9%, compared
with 4.2% for of skin flap recurrence.

In our study, locally recurrent lesions were excised com-
pletely in all 5 patients with local recurrences and all of
them were disease free after a median follow-up period of
20.6 months. Owing to the long natural course of breast
cancer, our follow-up duration was not sufficient to allow
us to evaluate the prognosis of local recurrence after NSM.

This is the first study to compare the oncological out-
come of NSM and TM using propensity score matching.
Most previous studies and our study were retrospective,
and the findings were subject to selection bias. Propensity
score matching was used to minimise this bias. Previous
research suggests that propensity score maltching elimi-
nates a greater proportion of baseline differences between
any two treatment groups than stratification or covariates
adjustment.?”

Our one-to-one propensity score matching provided a
robust evaluation of NSM for breast cancer. After nearest-
neighbour matching using the propensity scores, there
were 66 cases in each group that could be matched. The
distribution of propensity scores in this cohort was varied.
In order to ensure good matches, a caliper of 1.0 was
defined. As a result, a relatively large number of cases
were eliminated from our study. The two groups were
matched for baseline clinicopathological characteristics
and there was no significant difference in the local recur-
rence rate between the groups.
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Our study identified lymphovascular invasion as a pre-
dictive factor of local recurrence after NSM and TM. Bene-
diktsson and Perbeck found that local recurrence was
dependent on the pathological lymph node status and clini-
cal stage.'® Petit et al reported that number of positive
Ilymph nodes, histological type and Ki-67 index were signif-
icant predictive factors of local recurrence in multivariate
analysis.?’

Retrospective studies have evaluated the incidence of
NAC involvement using sample NAC tissue preserved as
mastectomy specimens; the reported rate of NAC involve-
ment in mastectomy specimens ranges from 0% to
58%.752¢ Brachtel et al found that tumour-nipple distance,
pathological lymph node status, lymphovascular invasion,
human epidermal growth factor receptor 2 status, nuclear
grade and multicentricity were correlated with the inci-
dence of occult nipple malignancy, and concluded that a
retroareolar en face margin could be used for assessment
of NAC involvement in NSM.® Although patients in our
study had risk factors such as a tumour-nipple distance of
<2cm (40.9%) and multicentric/multifocal disease (83.5%),
the NAC involvement rate (5.8%) was relatively low com-
pared with previous reports.

In addition to oncological safety, complication rates have
been another concern for NSM. A complication common to
NSM is nipple necrosis. In our study, nipple necrosis was
observed in three patients (2.5%) and no other complica-
tions such as haematoma requiring surgical intervention
or infection occurred. Large studies have reported an inci-
dence of nipple necrosis ranging from 0.3% to 10%.'2°

Study limitations

Our study had its limitations. First, this was a retrospective
study with a small number of patients so various biases
should be considered. Selection bias, especially the ten-
dency to perform NSM for patients with low grade tumours
as well as for younger patients, is a particular problem.
Despite the fact that propensity score matching was used,
it is not possible to eliminate all biases and uncertainty still
remains. Unfortunately, a randomised study would be diffi-
cult to conduct because of the number of patients and long
follow-up duration needed as well as the high financial
costs.

Second, the follow-up period of this study was relatively
short compared with the long natural course of breast can-
cer. Longer follow-up might show an increase in the recur-
rence rate owing to late recurrence in patients with a good
prognosis. Moreover, the median duration of follow-up in
the NSM group (28.0 months) was significantly shorter
than in the TM group (43.0 months). An analysis of multi-
institutional studies with longer follow-up periods is
needed.

Conclusions

This study demonstrates the usefulness of NSM for carefully
selected patients with breast cancer. The complication rates
were low and local recurrence rates were comparable with
those for total mastectomy. NSM has a positive impact on
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patient satisfaction and body image,?® and patients should be
counselled about the controversies and complications prior
to performing this procedure.
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