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ABSTRACT

Background. Nipple-sparing mastectomy (NSM) is an
increasingly common procedure; however, concerns exist
regarding its oncological safety due to the potential for residual
breast tissue to harbor occult malignancy or future cancer.
Methods. A systematic literature review was performed.
Studies with internal comparison arms evaluating thera-
peutic NSM versus skin-sparing mastectomy (SSM) and/or
modified radical mastectomy (MRM) were included in a
meta-analysis of overall survival (OS), disease-free sur-
vival (DFS), and local recurrence (LR). Studies lacking
comparison arms were only included in the systematic
review to evaluate mean OS, DFS, LR, and nipple—areolar
recurrence (NAR).

Results. The search yielded 851 articles. Twenty studies
with 5594 patients met selection criteria. The meta-analysis
included eight studies with comparison arms. Seven studies
that compared OS found a 3.4 % risk difference between
NSM and MRM/SSM, five studies that compared DFS found
a 9.6 % risk difference between NSM and MRM/SSM, and
eight studies that compared LR found a 0.4 % risk difference
between NSM and MRM/SSM. Risk differences for all
outcomes were not statistically significant. The systematic
review included all 20 studies and evaluated OS, DFS, LR,
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and NAR. Studies with follow-up intervals of <3 years,
3-5 years, and >5 years had mean OS of 97.2, 97.9, and
86.8 %; DFS of 93.1, 92.3, and 76.1 %; LR of 5.4, 1.4, and
11.4 %; and NAR of 2.1, 1.0, and 3.4 %, respectively.
Conclusions. This study did not detect adverse oncologic
outcomes of NSM in carefully selected women with early-
stage breast cancer. Use of prospective data registries,
notably the Nipple-Sparing Mastectomy Registry, will add
clarity to this important clinical question.

In 2015, an estimated 231,840 women will be diagnosed
with breast cancer, the second leading cause of cancer
mortality in women.' Surgery is currently the mainstay of
treatment for breast cancer. Surgical techniques have
evolved since the nineteenth century, from the Halsted
radical mastectomy to more conservative tissue-sparing
techniques.” Today, procedures that preserve the breast
skin envelope and/or the nipple—areolar complex (NAC)
are increasingly common. A study utilizing the National
Cancer Institute’s Surveillance, Epidemiology, and End
Results database demonstrated a 202 % increase in NSM
between 2005 and 2009 in the US.?

Historically, progression to less invasive surgical man-
agement of breast cancer has not produced worse
outcomes. A recent meta-analysis of retrospective studies
comparing patients undergoing skin-sparing mastectomy
(SSM) with patients undergoing conventional mastectomy
showed no significant difference in local recurrence (LR)
between the two treatment groups.* However, concerns
exist regarding the oncological safety of nipple-sparing
mastectomy (NSM) due to the potential for residual glan-
dular breast tissue to harbor occult malignancy or future
cancer. These concerns warrant careful examination as


http://dx.doi.org/10.1245/s10434-015-4739-1
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-015-4739-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-015-4739-1&amp;domain=pdf

3242

L. De La Cruz et al.

studies included in a comprehensive review of NAC
histopathology revealed the average incidence of occult
malignancy in the NAC was 11.5 % overall and 7.9 % in
the four most recent studies published in 2011. Due to the
lack of consensus regarding the safety of NSM, the
National Comprehensive Cancer Network does not rec-
ommend NSM for surgical management of breast cancer,
with the exception of patients enrolled in a clinical trial.®
The purpose of the current study was to summarize the
totality of evidence and assess differences in oncological
safety between NSM and modified radical mastectomy
(MRM) and/or SSM. We performed a meta-analysis and
systematic literature review to assess overall survival (OS),
disease-free survival (DFS), LR, and nipple—areolar
recurrence (NAR) in patients undergoing NSM.

METHODS
Study Selection

A search was conducted through the MEDLINE database
using PubMed. Our search terms included: ((((‘Breast’[Mesh]
AND ‘Female’[Mesh]) AND (‘Mastectomy’[Mesh] OR
‘Mastectomy, Subcutaneous’[Mesh])) OR ‘Carcinoma,
Ductal’[Mesh]) OR ‘Carcinoma, Ductal, Breast’[Mesh])
AND ‘Nipples’[Mesh]. We filtered all articles from 1967 to
2014, selecting those containing the key terms ‘nipple—spar-
ing mastectomy’, ‘subcutaneous mastectomy’, ‘skin-sparing
mastectomy’, and/or ‘survival’. Further searches were con-
ducted using Google Scholar and Scopus. A manual search of
bibliographies of relevant articles was performed. All sear-
ches were conducted in July 2014 and repeated in January
2015. Abstracts were screened to identify studies that mea-
sured OS, DFS, LR, and/or NAR following NSM.

Data Extraction

Three investigators performed the search and indepen-
dently reviewed and extracted data from each study.
Discrepancies in coding required agreement between
authors to be considered resolved.

Definitions of Outcomes of Interest

Included studies reported at least one of the following
outcomes:

e OS: people in the study and/or control group who were
alive from the time of surgery to date of last follow-up.

e DFS: people in the study and/or control group who
were alive from the time of surgery to date of last
follow-up without the development of local or distant
disease recurrence or a new breast tumor.

e LR: cancer that has occurred in the ipsilateral breast,
chest wall or lymph nodes following surgery and prior
to date of last follow-up.

e NAR: recurrence of cancer in the NAC following
surgery and prior to date of last follow-up.

Inclusion and Exclusion Criteria

Studies were selected based on the following inclusion
criteria:

e Report on women undergoing NSM in the setting of
breast cancer.

Report on OS, DFS, LR, and/or NAR.

Available in English.

Studies were excluded by any one of the following criteria:

e The NAC was not fully preserved.

e Only non-oncologic outcomes (i.e. cosmetic result,
NAC necrosis) were reported.

e Combined outcome measures for therapeutic and
prophylactic NSMs were reported and could not be
delineated. Study authors were contacted via email in
an attempt to obtain isolated data for patients under-
going therapeutic NSMs only.

Statistical Analysis

For all studies, we reported one or more of the primary
outcomes of interest (OS, DFS, LR, and NAR). In addition,
we extracted follow-up time, mean age, most common
pathology, tumor stage, use of neoadjuvant and/or adjuvant
chemotherapy, use of radiotherapy, use of hormonal therapy,
tumor size, tumor-to-nipple distance (TND), and lymph node
status. Studies were categorized by the presence or absence
of an internal comparison between NSM and MRM/SSM.
Studies that included a comparison arm were included in the
meta-analysis to determine risk differences for OS, DFS, and
LR between treatment groups. Studies both with and without
comparison arms were included in the systematic review and
evaluation of mean OS, DFS, LR, and NAR.

A study-level meta-analysis was performed using Com-
prehensive Meta-Analysis Software. We first calculated the
degree of heterogeneity across the studies and tested its
significance using both Cochran’s Q test and an I statistic to
determine the underlying statistical model. When the Q
statistic is not significant, the fixed effects model, which
assumes that the observed effects are different from the true
population value due to sampling error, is chosen. Otherwise
the random effects model, which assumes that study effects
are uniquely different regarding sampling error and other
differences, is chosen. We used the random effects model as
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it is considered more appropriate and conservative when
evaluating observational studies in a meta-analysis.

The effect size of each study was calculated by sub-
tracting the proportion of affected individuals from those
unaffected. A weighted average of effect sizes was then
computed as a summary measure. A risk difference of zero
favors the null hypothesis, meaning there is no difference
in outcome measures between patients treated with either
therapy. Statistically significant differences were consid-
ered at the p < 0.05 level.

RESULTS

Our literature search yielded 851 articles. Twenty
studies published from 2006 to 2014 met the inclusion and
exclusion criteria and were selected for the systematic
review of OS, DFS, LR, and NAR (Fig. 1).”%¢ In aggre-
gate, the 20 studies included 2207 patients who underwent
therapeutic NSM. Eight studies published comparison arms
and were included in a meta-analysis of OS, DFS, and
LR.”' Twelve additional studies lacked comparison
arms.'>™2° Tables 1 and 2 provide baseline characteristics
of studies with and without comparison arms, respectively.

Meta-analysis of Overall Survival (OS), Disease-Free
Survival (DFS), and Local Recurrence (LR)

Characteristics of Studies Included in the Meta-analysis
of NSM Versus MRM/SSM  The meta-analysis included
4663 patients; 1398 (30 %) underwent NSM, 698 (15 %)

underwent SSM, and 2567 (55 %) underwent MRM.
Patients undergoing NSM, SSM, and MRM had a mean
age of 45.5, 50.6, and 55.6 years, respectively. Follow-up
time ranged from 25.3 to 101 months. All studies reported
invasive ductal carcinoma (IDC) as the most common
tumor pathology. Six of the eight studies reported stage 1
and II as the most common tumor stage.

Four of the eight studies reported use of neoadjuvant and
adjuvant chemotherapy in patients who underwent NSM and
MRM/SSM;"' two studies reported use of adjuvant radio-
therapy;'® four studies reported estrogen receptor,
progesterone receptor, and HER2/neu status;"'"'*'* and
three studies reported lymph node status.”'*'" Investigators
of the aforementioned studies found no statistically significant
differences between treatment groups with regard to use of
neoadjuvant and adjuvant chemotherapy, use of radiotherapy,
estrogen receptor status, progesterone receptor status, HER2/
neu status, and lymph node status. Six studies reported tumor
size ranging from 1.6 to 5 cm in NSM patients, 1 to 4.6 cmin
SSM patients, and 2 to 5 cm in MRM patients.”>'>14

Summary of Results

In the meta-analysis, seven of the eight studies reported
OS, five reported DFS, and eight reported LR. Five studies
provided information for all three analyses. Seven studies
were retrospective, one study was prospective, and all were
non-randomized.

The Q and F* statistics for risk difference between
patients undergoing NSM versus MRM/SSM were 12.8

Articles identified through
database search

(n=851)
v
Articles screened Articles that did not meet
(n=851) > i criteria
(n =760)
Full-text articles assessed Full-text articles excluded,
for eligibility > with reasons:
(n=91) e Review articles (n=18)
e Evaluated other
interventions (n=9)
e Evaluated only non-

oncologic outcomes (i.e.

Additional articles identified
through forward and backward
search
(n=5)

Articles included in
qualitative synthesis

(n=15)

l

Articles included in
quantitative synthesis
(meta-analysis)
(n=20)

cosmesis, NAC necrosis)
(n=22)

Combined prophylactic
and therapeutic data
(n=8)

Evaluated surgical
methods and indications
(n=19)

FIG. 1 Literature review process. NAC nipple—areolar complex
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and 53 % with regard to OS (degrees of freedom [df] = 6,
p = 0.047); 19 and 78.9 % with regard to DFS (df = 4,
p = 0.001); and 7.3 and 4.3 % with regard to LR (df = 7,
p = 0.397). These estimates suggest we should reject the
null hypothesis of homogeneity across studies and deter-
mine the average effect size using the random effects
model.

Under the random effects model, the weighted average

(p =0.073), 9.6 % (p = 0.056), and 0.4 % (p = 0.567),
respectively, all in favor of NSM (Fig. 2), although these
risk differences were not statistically significant.

To assess oncological safety of NSM over longer fol-
low-up intervals, a subgroup analysis of studies with >5-
year follow-up time was performed. This group had similar
results to the overall group. OS had a risk difference of
1.2 % (p = 0.628), DFS had a risk difference of 2.7 %

risk difference for OS, DFS, and LR was 3.4 % (»p = 0.400), and LR had a risk difference of 0.6 %
Overall Survival
Study name Statistics for each study Risk difference and 95% Cl
Risk Standard Lower Upper Relative
difference error limit limit p-Value weight
Adam -0.074 0.030 0132 -0.015 0.014 - 17.09
Burdge 0.026 0.044 -0.060 0.111 0.558 11.51
Gerber 0.003 0.063 0.121 0.127 0.962 6.94
Kim -0.014 0.017 -0.047 0.018 0.384 2411
Poruk 0137 0.039 0.214 -0.060 0.001 -+ 13.00
Sakurai -0.018 0.031 -0.079 0.043 0.555 16.50
Shi -0.003 0.046 -0.093 0.087 0.950 10.85
-0.034 0.019 -0.071 0.003 0.073
-1.00 -0.50 0.00 0.50 1.00
Favors NSM Favors MRM/SSM
Disease-Free Survival
Study name Statistics for each study Risk difference and 95% CI
Risk Standard Lower Upper Relative
difference error limit limit p-Value weight
Adam -0.118 0.039 -0.195 -0.040 0.003 - 21.09
Kim -0.016 0.031 -0.076 0.045 0.608 2221
Poruk -0.307 0.051 -0.408 -0.206 0.000 - 19.33
Sakurai -0.031 0.036 -0.102 0.039 0.384 21.56
Shi -0.009 0.074 -0.154 0.137 0.908 16.81
-0.096 0.050 -0.194 0.002 0.056
-1.00 -0.50 0.00 0.50 1.00
Favors NSM Favors MRM/SSM
Local Recurrence
Study name Statistics for each study Risk difference and 95% CI
Risk Standard Lower Upper Relative
difference error limit limit p-Value weight
Adam -0.034 0.017 -0.067 -0.002 0.040 20.31
Boneti -0.004 0.025 -0.053 0.045 0.886 9.15
Burdge -0.040 0.091 -0.218 0.137 0.656 0.70
Gerber 0.004 0.048 -0.089 0.098 0.928 250
Kim 0.011 0.011 -0.011 0.034 0.325 43.60
Poruk -0.023 0.023 -0.087 0.022 0.317 1117
Sakurai 0.006 0.024 -0.041 0.054 0.801 9.74
Shi 0.007 0.045 -0.081 0.095 0.874 283
-0.004 0.008 -0.019 0.010 0.567
-1.00 -0.50 0.00 0.50 1.00
Favors NSM Favors MRM/SSM

FIG. 2 Forest plots evaluating overall survival, disease-free survival, and local recurrence in NSM versus MRM/SSM. NSM nipple-sparing
mastectomy, MRM modified radical mastectomy, SSM skin-sparing mastectomy
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(p = 0.758), all trending in favor of NSM; however, these
risk differences were not statistically significant.

In several studies, patients undergoing NSM were
younger than patients undergoing MRM/SSM. To further
evaluate the potential effect of age on our study outcome
measures, we conducted a subgroup analysis of those
studies in which the mean age of patients in each treatment
group was approximately equivalent. In those studies, OS
had a risk difference of 1.4 % (p = 0.399) trending in
favor of NSM, and LR had a risk difference of 0.9 %
(p = 0.39) trending in favor of MRM/SSM, although these
differences were not statistically significant. We were
unable to evaluate the effect of age on DFS due to insuf-
ficient data.

To better evaluate the effects of cancer stage on our
outcome measures, we conducted a subgroup analysis
using the five studies that controlled for stage in the pri-
mary analysis. Risk differences for OS, DFS, and LR were
25% (p=20.05), 46% (@ =0.0068), and 0.3 %

(p = 0.768), respectively, all trending in favor of NSM;
however, these differences were not statistically
significant.

Systematic Review of OS, DFS, LR and Nipple—Areolar
Recurrence (NAR)

Characteristics of Studies Included in the Systemic
Review Data were extracted from all 20 studies that
reported OS, DFS, LR, and/or NAR in patients who had
therapeutic NSM (Table 3), 12 of which lacked
comparison arms. The mean age of patients was
46.2 years, with follow-up time ranging from 10.5 to
135.6 months. All studies reported on type of breast
cancer, with 18 of 20 studies reporting IDC as the most
common tumor pathology. Eighteen studies reported the
most common cancer stage, with nine studies reporting
stage I as the most common. Lymph node status was

reported in 13 studies, and 5.6-71.8 % of patients had

TABLE 3 Average overall survival, disease-free survival, local recurrence and nipple-areolar recurrence according to follow-up interval

Author No. of patients Follow-up  Overall Disease-free Local Nipple—areolar
undergoing NSM (n) (months) survival (%) survival (%) recurrence (%) recurrence (%)

Follow-up <3 years n = 541

Alperovich et al.'? 8 10.5 100 100 0 0

Boneti et al.® 152 25.3 - - 4.6 -

Burdge et al.’ 39 25.3 97.4 - 10.3 0

Poruk et al.'” 105 25.8 96.2 924 1.9 0

Sacchini et al.*? 68 24.6 98.5 95.6 2.9 0

Sood et al.> 76 15.7 98.7 91.9 7.9 1.3

Sookhan et al.** 9 10.8 100 100 0 0

Tancredi et al.>> 55 21.7 100 92.7 0 3.6

Voltura et al.?® 29 18 96.6 93.1 6.9 0

Weighted average (95 % CI) 97.2 (94.8-98.5)  93.1 (89.8-95.3) 5.4 (3.6-7.9) 2.1 (0.9-4.5)
Follow-up 3-5 years n = 454

Adam et al.” 67 36 96.2 94.1 0 0

Crowe et al.'® 83 41 98.8 95.1 0 1.2

Kim et al."’ 152 60 97.1 89 2 13

Nava et al.>® 58 36 98.2 94.9 1.6 0

Paepke et al.*! 94 34 98.9 94.7 1.1 0

Weighted average (95 % CI) 97.9 (95.9-98.9)  92.3 (89.3-94.4) 1.4 (0.7-3.2) 1.0 (0.4-2.6)
Follow-up >5 years n=1212

Benediktsson and Perbeck'® 202 135.6 76.4 51.3 25.7 -

Caruso et al.'” 50 66 92 88 0 2

Jensen et al."® 77 60.2 100 100 0 0

Gerber et al.'® 60 101 76.7 - 11.7 1.7

Sakurai et al.'*® 788 87 88? 83? 4.6 3.7

Shi et al." 35 68 94.3 82.9 5.7 2.9

Weighted average (95 % CI) 86.8 (78.6-92.2) 76.1 (73.3-78.8) 11.4 (9.4-13.8) 3.4 (2.4-4.8)

NSM nipple-sparing mastectomy, CI confidence interval
* 10-year follow-up data
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positive nodes. The use of neoadjuvant and/or adjuvant
chemotherapy was described in ten studies among
3.6-88.3 % of patients. Utilization of adjuvant radiation
therapy was reported in 11 studies among 5.3-89.7 % of
patients. Eight studies reported use of adjuvant hormonal
therapy in 42.0-65.5 % of patients; five studies reported
average TND ranging from 3.6 to 4.97 cm; and seven
additional studies described specific inclusion criteria for
TND, two of which included patients with TND >1 cm,
and five of which included TND >2 cm.

Summary of Results

Weighted averages of OS, DFS, LR, and NAR were
calculated based on the number of patients in each study in
three follow-up intervals: <3 years, 3-5 years, and
>5 years (Table 3). A total of 541 patients in nine studies
were followed for <3 years, 454 patients in five studies
were followed for 3-5 years, and 1212 patients in six
studies were followed for >5 years. Studies with follow-up
intervals of <3 years, 3—-5 years, and >5 years had mean
OS of 97.2, 979, and 86.8 %; DFS of 93.1, 92.3, and
76.1 %; LR of 5.4, 1.4, and 11.4 %; and NAR of 2.1, 1.0,
and 3.4 %, respectively.

DISCUSSION

Across all studies, we found relatively high rates of OS
and DFS and relatively low rates of LR and NAR in all
three follow-up intervals. We also found no significant
differences in OS, DFS, and LR between NSM and MRM/
SSM. Finally, in a subgroup analysis of studies with >5-
year follow-up time, we found no significant differences in
OS, DFS, and LR between patients who received NSM
versus patients who received MRM or SSM.

Our finding that NSM was not associated with adverse
oncologic outcomes when compared with MRM/SSM has
several possible explanations. First, when performing NSM,
the investigators likely conducted careful patient selection.
Another possibility relates to the hypothesis that cancer
recurrence is more strongly associated with tumor biology
(e.g. stage, grade, lymph node involvement, hormone
responsiveness, and size) than surgical approach.”’—*
Finally, the research design utilizes study-level data, as
opposed to individual-level data, and therefore may not have
been sufficiently sensitive to account for all potential biases.

Our study has limitations. Many studies had missing
data, such as tumor characteristics and adjuvant therapy,
among other factors that may impact clinical outcomes. In
addition, the data were derived from longitudinal obser-
vational studies, not randomized clinical trials (RCTs). As
such, confounding factors, including patient demographics,

family history, tumor size, TND, nodal status, hormonal
status, genetic predisposition, and neoadjuvant and/or
adjuvant therapy, may have influenced our study results.
For example, women undergoing NSM in this meta-anal-
ysis were 5 and 10 years younger, on average, than women
undergoing SSM and MRM, respectively. While subgroup
analyses of studies that controlled for age and stage were
consistent with our overall study results, we still cannot be
certain that these factors did not have an impact on our
overall findings. An additional subset of studies demon-
strated no significant difference between treatment groups
regarding chemotherapy, radiation therapy, hormone
receptor status, and HER2/neu status, although these data
were not reported in all studies and remain a potential
confounder. Finally, observational studies are unable to
control for inherent differences in patients who self-select
more or less aggressive forms of treatment. Women with a
family history of breast cancer or with genetic predispo-
sitions may be more likely to self-select a more aggressive
form of treatment.

Our study has a number of strengths. By following a
predetermined protocol in which investigators cannot
select articles for inclusion that favor one outcome over
another, meta-analyses limit article selection bias. In
addition, our study is unlikely to be affected by publication
bias as investigators would be equally motivated to publish
both favorable and unfavorable outcomes regarding the
oncological safety of NSM. Meta-analyses further benefit
from generalizability if the studies included are represen-
tative of all studies ever performed on the topic of interest.
Our meta-analysis includes a large representative sample of
4663 patients, and our results are likely generalizable to
women between the ages of 35.6 and 61 years with ductal
carcinoma in situ or stage I and II IDC, and TND >2 cm.
Finally, our strongest finding is that all eight studies in the
meta-analysis show uniform consistency in which NSM is
not inferior to MRM/SSM.

CONCLUSIONS

Our study did not detect adverse oncologic outcomes of
NSM in carefully selected women with early-stage breast
cancer, and provides an enhanced basis for patients and
surgeons to undergo shared decision making regarding the
risks and benefits of NSM. These data require further
validation. Although a large RCT would greatly minimize
bias and perhaps provide the best evidence regarding the
safety of NSM, RCTs have not been conducted for NSM
because of ethical concerns.'®*° Even if deemed ethical,
patient preferences would not make effective randomiza-
tion feasible. Despite the limitations of meta-analyzing
observational studies, the Cochrane Collaboration states a
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meta-analysis of observational studies may be used to
“provide evidence of the effects, including benefit or harm,
of interventions that cannot be randomized, or which are
extremely unlikely to be studied in randomized trials.”*' In
an environment where evidence from RCTs is unavailable,
and is unlikely to become available, surgeons must work
with the evidence at hand. Use of prospective data reg-
istries, notably the Nipple-Sparing Mastectomy Registry,
will further aid in evaluation of the oncological safety of
NSM.
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