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Objective: To compare the clinical and patient-reported outcomes of minimal
access and conventional nipple-sparing mastectomy (C-NSM). The secondary
outcomes investigated included medical costs and oncological safety.
Background: Minimal-access NSM has been increasingly applied in the
treatment of patients with breast cancer. However, prospective multi-
center trials comparing robotic-assisted NSM (R-NSM) versus C-NSM
or endoscopic-assisted NSM (E-NSM) are lacking.
Methods: A prospectively designed 3-arm multicenter, nonrandomized
trial (NCT04037852) was conducted from October 1, 2019 to December
31, 2021, to compare R-NSM with C-NSM or E-NSM.
Results: A total of 73 R-NSM, 74 C-NSM, and 84 E-NSM procedures
were enrolled. The median wound length and operation time of C-NSM
was (9 cm, 175 minutes), (4 cm, and 195 minutes) in R-NSM, and (4 cm
and 222 minutes) in E-NSM. Complications were comparable among the
groups. Better wound healing was observed in the minimal-access NSM
group. The R-NSM procedure was 4000 and 2600 United States Dollars

more expensive than C-NSM and E-NSM, respectively. Wound/scar and
postoperative acute pain evaluation favored the use of minimal access
NSM over C-NSM. Quality of life in terms of chronic breast/chest pain,
mobility, and range of motion of the upper extremity showed no sig-
nificant differences. The preliminary oncologic results showed no dif-
ferences among the 3 groups.
Conclusions: R-NSM or E-NSM is a safe alternative if compared with
C-NSM in terms of perioperative morbidities, especially with better
wound healing. The advantage of minimal access groups was higher
wound-related satisfaction. Higher costs remain one of the major limiting
factors in the widespread adoption of R-NSM.
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N ipple-sparing mastectomy (NSM) has become one of the
standard procedures for breast cancer treatment owing to

improved cosmetic outcomes and quality of life (QoL)1 and
acceptable oncologic safety.2,3 Novel NSM techniques, such as
endoscopic-assisted NSM (E-NSM)4–7 or robotic-assisted NSM
(R-NSM),8–10 have the advantage of an esthetic scarless
mastectomy11 with improved patient satisfaction.

These12–14 techniques have raised concerns regarding
oncological safety.15–18 Other critiques include prolonged oper-
ation time and higher costs.15–18 Furthermore, the advantages of
minimal access (endoscopic or robotic-assisted) NSM over
conventional NSM (C-NSM) have not been reported before.

Retrospective studies have compared E-NSM with
C-NSM,12,19–21 R-NSM with C-NSM,22–27 and R-NSM with
E-NSM.12,28 A prospective randomized clinical trial (RCT)29

directly compared the clinical results and patient-reported out-
come measures (PROMs) of R-NSM with C-NSM. Despite
current evidence, there remains a lack of prospective, multicenter
trials to allow for direct comparison of different NSM
approaches in a real-world setting.

To clarify the benefits and limitations of R-NSM versus
C-NSM or E-NSM, a prospectively designed trial including three
groups of patients was conducted (RCENSM-P, NCT04037852).30

The objectives of the current study were to assess clinical outcomes,
medical costs, and PROMs, including esthetic results and QoL.

METHODS

Study Design
This study is a phase 3, open-label, multicenter, non-

randomized trial comparing C-NSM versus E-NSM or R-NSM in
the surgical management of breast cancer. The study was designed
by the principal investigator (H.W.L.) and conducted at 5 tertiary
medical centers [Changhua Christian Hospital (CCH), Shin Kong
Wu Ho-Su Memorial Hospital, China Medical University Hos-
pital, National Cheng Kung University Hospital, and Taipei
Medical University Hospital] in Taiwan. Data were collected by
coinvestigators, and data managers ensured adherence to the
protocol and accuracy of the data. All authors have contributed to
the manuscript. The protocol was approved by the Institutional
Review Board and ethics committee at the CCH (CCH IRB
No.:170806 and 190414). The trial was registered at ClinicalTrials.
gov (NCT04037852).30 Written informed consent was obtained
for the use of the clinical records and pictures.

Patients Enrollment
Data of patients with operable breast cancer who under-

went NSM from October 2019 to December 2021 were retrieved
from a prospectively maintained database designated as
RCENSM-P. Patients were offered 3 different NSM options.
The final decision was made through a shared decision-making
process between patients and treatment teams. In the current
study, baseline demographics, comorbidities, breast size, degree
of ptosis, and radiation history were recorded. Only patients who
underwent immediate prosthesis breast reconstruction (IPBR)
were selected to ensure homogeneity and reduce possible bias in
esthetic results or QoL evaluations. Patients who had previously
undergone breast-conserving surgery or radiation of the chest
wall were excluded.

The current study was conducted in 5 tertiary medical centers
in Taiwan, involving 12 breast surgeons [including 2 oncoplastic
reconstructive breast surgeons (H.W.L. and F.T.F.C)], 4 plastic
surgeons (including 1 dual-trained plastic surgeon, Y.L.K.), and

200 women with early breast cancer. The study design, patient
allocation, and exclusion criteria in the current study are illustrated
in Figure 1.

Indications of Nipple-sparing Mastectomy
Patients selected for NSM should have no gross involve-

ment in nipple areolar complex (NAC) through clinical exami-
nations and imaging. In contrast, patients with nipple involvement
during intraoperative frozen section were subjected to NAC
excision, and skin-sparing mastectomy was performed instead.

Indications of Minimal Access Nipple-sparing
Mastectomy

The inclusion criteria for R-NSM and E-NSM4,5,10,31 were
early-stage breast cancer (carcinoma in situ, stage I–IIIA), tumor
size <5 cm, no evidence of multiple lymph node metastases, and
no evidence of nipple, skin, or chest wall invasion. Patients for
whom minimal access NSM (R-NSM or E-NSM) was contra-
indicated included those with apparent NAC involvement,
inflammatory breast cancer, breast cancer with chest wall or skin
invasion, locally advanced breast cancer, and breast cancer with
extensive axillary lymph node metastases (stage IIIB or later).

Nipple-sparing Mastectomy With Immediate
Prosthesis Breast Reconstruction Technique

The surgical techniques of C-NSM, E-NSM, and R-NSM
used in the current study have been described in previous
studies4,5,10,31 and are illustrated in Figure 2. The IPBR per-
formed in the current study was standardized across participat-
ing centers and placed in the subpectoral muscular pocket4,5,10,31

without the use of an acellular dermal matrix or mesh.

Clinical Outcomes of Various Nipple-sparing
Mastectomy Techniques With Immediate Prosthesis
Breast Reconstruction

Perioperative parameters, such as operation time, blood
loss, complications, and hospital stay, were compared and ana-
lyzed. Early complications within 1 month after surgery were
recorded. Complications were defined as individual events, such
as delayed wound healing (extending beyond 2 weeks),
ischemia/necrosis of NAC, seroma formation requiring repeat
aspiration 1 month after the operation, skin flap blister for-
mation, skin flap necrosis, hematoma formation, implant loss, or
infections. Implant loss or removal within 3 months was con-
sidered a complication if it was ascertained to be related to the
initial operation. The severity of complications was graded using
the Clavien-Dindo (C-D) classification for severity evaluation.32

For oncological safety evaluation, the rates of positive sur-
gical margin involvement, local regional recurrence, distant meta-
stasis, disease-free survival, and overall survival were reported.
Surgical margin involvement was defined as a tumor on ink33 for
invasive carcinoma and a minimal 2 mm margin for pure ductal
carcinoma in situ lesion. Margin involvement was considered a
surrogate marker for oncological safety in this study. The incidence
of recurrence or death due to breast cancer was ascertained at the
most recent follow-up that ended on January 28, 2023.

Medical Cost Analysis of Robotic-assisted Nipple-
sparing Mastectomy Versus Conventional Nipple-
sparing Mastectomy or Endoscopic-assisted Nipple-
sparing Mastectomy

The medical costs of the different NSM approaches were
compared. The medical costs incurred for each procedure
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included the overall hospitalization costs. Information on sur-
gical fees and expenses was obtained from participating institu-
tions. The currency was expressed in the New Taiwan Dollar and
the United States dollar (USD). An exchange rate of 31 New
Taiwan Dollars/USDs was used for the purpose of this study.

Postoperative Pain Analysis
Postoperative pain was evaluated using a visual analog

scale (VAS) ranging from 0 (no pain at all) to 10 (maximum pain
experienced). The VAS pain scores were recorded at different
time periods: 24 hours (day 1), 48 hours (day 2), 72 hours
(day 3), and maximum pain scale experienced at any time during
hospitalization.

Patient-reported Outcome Measures of Esthetic
Results and Quality of Life

PROMs of esthetic results and QoL were compared
among the 3 groups. Breast-Q,34 a validated questionnaire was
adopted in the current trial for evaluation in the following
domains: “satisfaction with breasts,” “psychosocial well-being,”
“sexual well-being,” and “physical well-being.”

Wound-related Specific Questionnaire Used for
Minimal Access Breast Surgery

A 10-question questionnaire is commonly used
for PROM evaluation in minimal access breast surgery
(MABS) studies.4,5,10 In this study, the same questionnaire was

FIGURE 1. Flowchart of patients selected for R-NSM, C-NSM or E-NMS, and IPBR for surgical treatment of breast cancer. This is an
open-label, nonrandomized, prospective, multicenter trial comparing 3 cohorts of patients (R-NSM vs C-NSM or E-NSM and IPBR).
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FIGURE 2. Representative operative pictures showing C-NSM, E-NSM, and R-NSMwith immediate prosthesis implant breast reconstruction.
A, Photo showing surgeon performing C-NSM. B, Photo showing surgeon performing 3D (single port) E-NSM. C, Photo showing surgeon
performing R-NSM. D, Representative view of the intraoperative finding of C-NSM. E, Representative view of the intraoperative finding of 3D
E-NSM. F, Representative view of the intraoperative finding of R-NSM. G, Immediate postmastectomy view of C-NSM. H, Immediate
postmastectomy view of 3D E-NSM. I, Immediate postmastectomy view of R-NSM. J, Photo showing an immediate postoperative view of
patients receiving C-NSM and IPBR. K, Photo showing an immediate postoperative view of patients receiving 3D E-NSM and IPBR. L, Photo
showing an immediate postoperative view of patients receiving R-NSMand IPBR.M, Photo showing postoperative 3months right lateral view
of the patient received C-NSM and IPBR. N, Photo showing postoperative 3 months left lateral view of the patient received 3D E-NSM and
IPBR. O, Photo showing postoperative 3 months left lateral view of the patient received R-NSM and IPBR. 3D indicates 3-dimensional.
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used to evaluate patient satisfaction with the various
NSM and IPBR procedures.

Quality of Life Evaluation
QoL was evaluated by assessing postoperative pain and

resumption of daily activities, with the range of motion, utility,
and function of the upper extremity as surrogate indicators. The
pain scores in the upper extremities and breast/chest were eval-
uated with a VAS ranging from 0 (minimal) to 10 (maximum).
The range of motion of the shoulder and the utility and function
of the upper extremity of the diseased side were also evaluated
using self-reported questionnaires with 0 (minimal utility) to 10
(maximum range of motion).

Nipple and Skin Sensation Test
Patients who received various NSM procedures were fol-

lowed up at the outpatient clinic and consent was taken by study
nurses to conduct nipple and skin sensation tests. The sensation
assessment was first evaluated on the normal breast by using
finger touch to illustrate the feeling of normal touch sensation.
Subsequently, finger touch on the operative side was conducted.
Patients were then asked to score their sensation of the nipple or
area of skin. Five measurement points were assessed and
recorded as follows: nipple, superior breast skin, medial breast
skin, inferior breast skin, and lateral breast skin. There were
altogether 4 grades as follows: grade 0: no sensation at all, grade
I: numbness, grade 2: fairly sensate, and grade 3: normal sensate.
The sensation of the nipple and the 4 quadrants of the breast
were recorded separately and compared among different surgical
procedures.

These self-reported questionnaires were administered at a
time interval of at least 6 months after the operation, when full
healing had taken place, and without active complications.

Statistical Analyses
Differences in continuous variables were tested using the

nonparametric Mann-Whitney U test and Kruskal-Wallis test
and are reported as mean ± SD. The χ2 test was used for cat-
egorical comparisons of data when appropriate. A P significance
was set at P <0.05, and all tests were 2-tailed. The operation time
and blood loss were evaluated between 10% and 90%, excluding
outliers, to prevent inaccurate interpretation of the data. All
statistical analyses were performed using the R statistical pack-
age (version 4.1.3) by a statistic expert (Y.J.L.). To delineate the
differences among subgroups, patients were compared among all
3 groups: conventional versus minimal access (E-NSM and
R-NSM), C-NSM versus E-NSM, C-NSM versus R-NSM, and
E-NSM versus R-NSM.

RESULTS
A total of 73 C-NSM, 84 E-NSM, and 76 R-NSM with

IPBR procedures were included in the analyses (Fig. 1). The
baseline patient and tumor characteristics showed no statistically
significant differences (Supplemental Digital Content Table 1,
http://links.lww.com/SLA/E624). R-NSM had more bilateral
procedures (26.3%, 20/76) than E-NSM (20.2%, 18/85) or
C-NSM (8.2%, 6/73). In the R-NSM and E-NSM cohorts, there
were no cases of conversion to C-NSM.

Perioperative Parameters of Various Nipple-sparing
Mastectomy and Immediate Prosthesis Breast
Reconstruction

The mean wound length of C-NSM, E-NSM, and R-NSM
was 8.3 ± 2.4 cm (median 9), 4.2 ± 0.9 cm (median 4), and 4.1
± 0.9 cm (median 4, P < 0.01; Supplemental Digital Content
Table 2, http://links.lww.com/SLA/E624, Fig. 2), respectively.
The mean operation time for C-NSM and IPBR per procedure
was 190.2 ± 64 minutes (median 175), 248.5 ± 87.3 minutes
(median 222) in E-NSM, and 202.4 ± 42.3 minutes (median 195)
in the R-NSM group (P< 0.01). The operation time in E-NSM
and IPBR was much shorter in experienced hands (204.5 ± 44.5
(median 200) versus 355.7± 71 minutes (median 361), P < 0.01;
Supplemental Digital Content Table 1, http://links.lww.com/
SLA/E624). Mean blood loss was 43.4 ± 57.2 mL (median 35)
in the C-NSM group, 56.8 ± 53.5 mL (median 40) in the
E-NSM group, and 33.8 ± 18.3 mL (median 30) in the R-NSM
group (P < 0.01). No statistically significant differences were
found in the mastectomy specimen weight or reconstruction
implant volume among the 3 groups. The mean hospital stay was
5.1 ± 2 days (median, 4 days) in the C-NSM group, 5.8 ± 1.6
(median, 5 days) in the E-NSM group, and 5.2 ± 2.1 (median,
4 days) in the R-NSM group (P < 0.01; Supplemental Digital
Content Table 2, http://links.lww.com/SLA/E624).

Morbidities Assessment
In terms of morbidity, there were no differences in seroma

or blister formation, skin flap necrosis, hematoma, infection, or
implant loss (Supplemental Digital Content Table 2, http://links.
lww.com/SLA/E624). Delayed wound healing was higher in the
C-NSM group (16.4%) than in the E-NSM (2.4%) and R-NSM
(4%, P< 0.01) groups. One (1.4%) patient in the C-NSM group
experienced total necrosis of NAC, whereas no total NAC
necrosis was noted in either the E-NSM or R-NSM groups.
Complications were further subdivided by C-D classification,
and there were 10 (13.8%) grade 3 complications in the C-NSM
group, 4 (4.8%) in the E-NSM, and 2 (2.6%) in the R-NSM
group (P = 0.02). We also analyzed the impact of different
surgeons on the occurrence of complications, as shown in Sup-
plemental Data (Supplemental Digital Content Table 2, http://
links.lww.com/SLA/E624).

Cost Analysis
The medical costs covered by national insurance, paid out-

of-pocket by patients, and total costs were significantly different
among the 3 types of NSM and IPBR, as summarized in Sup-
plemental Table (Supplemental Digital Content Table 3, http://
links.lww.com/SLA/E624). R-NSM was significantly associated
with higher medical costs than C-NSM or E-NSM, and the cost
of E-NSM was higher than that of C-NSM (P < 0.01).

Postoperative Pain Analysis
The maximum VAS pain score during the first 3 days

postoperatively was at a mean of 3.3 ± 1.3 in the C-NSM group,
2.8 ± 1.1 in E-NSM, and 2.9 ± 1.2 in R-NSM (P = 0.02)
groups respectively. The VAS pain scores in the E-NSM and
R-NSM groups on days 1 and 2 and the mean of 3 days post-
operative period were all lower than those in the C-NSM group
(Supplemental Digital Content Table 3, http://links.lww.com/
SLA/E624, Fig. 3).
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FIGURE 3. PROMs of esthetic results and QoL for patients receiving C-NSM, E-NSM, or R-NSM. A, Breast-Q “satisfaction with breast”
domain. There was no statistically significant difference in satisfaction with breasts in patients who received C-NSM, E-NSM, or R-NSM
procedures (P = 0.47). B, Breast-Q “psychosocial well-being” domain. There was no statistically significant difference in psychosocial
well-being in patients who received C-NSM, E-NSM, or R-NSM procedures (P = 0.96). C, Breast-Q “sexual well-being” domain. There
was no statistically significant difference in sexual well-being in patients who received C-NSM, E-NSM, or R-NSM procedures (P = 0.41).
D, Breast-Q “physical well-being: breast/chest” domain. There was no statistically significant difference in physical well-being in patients
who received C-NSM, E-NSM, or R-NSMprocedures (P = 0.57). E, Wound-specific questionnaire for patients receiving various NSM and
IPBR. The overall satisfaction was higher in patients receiving E-NSM or R-NSM group than in C-NSM (P = 0.02). F, VAS for pain score
among patients receiving R-NSM versus C-NSM or E-NSM. E-NSM and R-NSM were associated with decreased VAS pain scores for the
maximum pain experienced, day 1 and day 2. No differences were observed among the groups after day 3.
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Patient-reported Outcome Measures–Quality of Life
Evaluation and NAC and Skin Sensation

The median duration of this PROM-QoL evaluation was
13 months postoperation and is summarized in Supplemental
Table (Supplemental Digital Content Table 3, http://links.lww.
com/SLA/E624). The VAS pain scale of upper extremities was
1.3 ± 2.2 in the C-NSM group, 1.1 ± 1.6 in E-NSM, and 1.2 ±
1.8 in R-NSM (P = 0.06). Pain score in breast/chest was 1.5 ±
1.8 in the C-NSM group, 1.4 ± 1.6 in E-NSM, and 1.7 ± 1.7 in
R-NSM (P = 0.46). The range of motion of the shoulder of the
ipsilateral affected side was 6.9 ± 3.4 in the C-NSM group, 7.7
± 2.9 in E-NSM, and 6.6 ± 3.3 in R-NSM (P = 0.2). The utility
function of the upper extremity of the ipsilateral side was 7.6 ±
3.4 in the C-NSM group, 8.4 ± 2.4 in the E-NSM group, and
7.5 ± 2.9 in the R-NSM group (P = 0.13; Supplemental Digital
Content Table 3, http://links.lww.com/SLA/E624). The sensation
of the nipple was higher in C-NSM (1.7 ± 1) group than
1.4± 1.2 in the E-NSM group, and 1.7 ± 0.8 in the R-NSM
group (P < 0.01).

Patient-reported Outcome Measures of Esthetic
Results Breast-Q and Wound-specific Questionnaire
for Minimal Access Breast Surgery

Sixty patients in each group completed the Breast-Q and
the questionnaire used for MABS, which are summarized in
Supplemental Table (Supplemental Digital Content Table 4,
http://links.lww.com/SLA/E624). The mean duration from
postoperation to evaluation with Breast-Q was 14.3 ± 5.9
(median, 13 months). In Breast-Q “satisfaction with the breast”
module, there were no statistically significant differences in score
among C-NSM (59.5 ± 10.6), E-NSM (60.3 ± 13.8), or
R-NSM (60.7 ± 14.4, P = 0.47). “Psychosocial well-being”
scores were also not statistically different, which were 65.8 ±
17.2 in C-NSM, 65.8 ± 15.6 in E-NSM, and 65.5 ± 20.4 in
R-NSM (P = 0.96). The “sexual well-being” scores were 48.3 ±
17.4 in the C-NSM group, 50 ± 17.1 in E-NSM, and 44.6 ±
21.9 in R-NSM (P = 0.41). The “physical well-being of
breast/chest wall” scores were 35.8 ± 17 in the C-NSM group,
37 ± 16.8 in E-NSM, and 36 ± 11.2 in R-NSM (P = 0.57). The
distribution of PROMs with 4 Breast-Q domains and time
sequences is plotted in Figure 3.

In the MABS questionnaire, there were no differences in
preoperative breast appearance satisfaction among the 3 groups
of patients (P = 0.55). Postoperative satisfaction with scar
appearance, length, and wound location consistently showed
higher satisfaction scores with minimal access NSM than with
C-NSM (Supplemental Digital Content Table 4, http://links.
lww.com/SLA/E624), but no differences were observed between
E-NSM and R-NSM. Patients were asked if they could choose
again to go for the same surgery if given a choice to do so, and
80% of C-NSM, 90% of E-NSM, and 83.3% of R-NSM patients
would choose the same operation (P = 0.21). The overall score
(summation of questions: 2–9) was higher in the MABS group
[E-NSM (24.1 ± 4.5) or R-NSM (24.4 ± 5)] than in the C-NSM
group (23.6 ± 5.1, P = 0.02; Fig. 3; Supplemental Digital
Content Table 4, http://links.lww.com/SLA/E624); however,
there was no statistical difference between E-NSM and R-NSM
(P = 0.61). The skin incision types and locations of the R-NSM,
C-NSM, and E-NSM are summarized and shown in Supple-
mental Figure (Supplemental Digital Content Fig. 1, http://links.
lww.com/SLA/E624).

Oncologic Outcomes
The margin involvement rates were 1.5% (1/66) for

C-NSM, 0% (0/79) for E-NSM, and 1.4% (1/72) for R-NSM
(P = 0.56). The mean follow-up duration of these patients was
26.9 ± 7.8 (median, 27 months), which was too short to evaluate
the long-term oncologic safety outcomes. Two (2.7%) local
recurrence events were detected in the C-NSM group, one (1.2%)
in the E-NSM, and one (1.3%) in the R-NSM (P = 0.72).
Distant metastasis was found in one (1.2%) case in the E-NSM
group whereas zero (0%) in the C-NSM or R-NSM group (P =
0.4). No mortality was reported until the last follow-up, which
ended on January 28, 2023. Local recurrence, distant metastases,
and overall survival rates are summarized in Supplemental
Table (Supplemental Digital Content Table 2, http://links.lww.
com/SLA/E624).

DISCUSSION
In this study, to reflect a real-world setting, we collected

and compared 73 C-NSM, 84 E-NSM, 76 R-NSM, and IPBR
from 5 tertiary medical centers in Taiwan, involving 12 breast
surgeons, 4 plastic surgeons, and 200 women with early breast
cancer. Designed as a case-control comparison study, the age,
tumor size, lymph node status, stage, breast size, and comor-
bidity of patients were similar among the 3 groups (Supple-
mental Digital Content Table 1, http://links.lww.com/SLA/
E624).

A golden question that begs to be answered in R-NSM or
E-NSM is whether these techniques result in lower complication
rates compared with C-NSM. This study showed that there were
no differences in complications, and the number of complica-
tions per case analyzed also showed no differences among the 3
groups (Supplemental Digital Content Table 2, http://links.lww.
com/SLA/E624). These results were comparable to those of
reported case studies,12,23,24,35 meta-analyses,27 and RCT.29

In our study, a higher C-D classification grade 3 compli-
cation rate was noted in the C-NSM (13.7%) group than in the
E-NSM (4.8%) and R-NSM (2.6%, P = 0.02, Supplemental
Digital Content Table 2, http://links.lww.com/SLA/E624)
groups. These results might be due to confounding factors that
were not accounted for, such as variations in techniques,
patients, or surgeons’ experience. As shown in Supplemental
Data (Supplemental Digital Content Table 2, http://links.lww.
com/SLA/E624), the performance of surgeons was quite differ-
ent, which might be one of the contributing factors observed.

One observed complication that differed among the
groups was delayed wound healing. The delayed wound healing
rate was higher in the C-NSM group (16.4%) than in the E-NSM
(2.4%) or R-NSM groups (4%, P < 0.01; Supplemental Digital
Content Table 2, http://links.lww.com/SLA/E624). Incisions of
R-NSM or E-NSM were mainly placed peripherally at the
axillary region, lateral chest wall, or anterior axillary line (Fig. 2;
Supplemental Digital Content Fig. 1, http://links.lww.com/SLA/
E624). Blood supply over these areas was better than if the
incision was placed centrally (periareolar incision), as in some
C-NSM cases.

Ischemia/necrosis of the NAC,3,7,36 which is the “Achilles
tendon” of the NSM, remains an important concern. According
to a meta-analysis,36 the risk of partial necrosis of NAC was
9.1% and that of total necrosis was up to 2%. In this study, only
one (0.4%) total NAC necrosis was observed in the cohort of 231
NSM procedures (1/73 C-NSM, 0/84 E-NSM, and 0/74
R-NSM). This could be attributed to improvements in surgical
techniques, better wound placement, decreased periareolar
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incision, appropriate patient selection, and better knowledge of
risk factors affecting wound healing.

In terms of esthetic results derived from PROMs, Breast-Q
evaluation was performed in 180 patients, ensuring at least 60
patients in each subgroup. The results of PROMs with Breast-Q
in the domains tested were not significantly different among the
groups (Fig. 3, Supplemental Digital Content Table 4, http://
links.lww.com/SLA/E624), indicating that NSM and IPBR
achieved high satisfaction despite different surgical approaches.
The wound-specific questionnaire (Supplemental Digital Con-
tent Table 4, http://links.lww.com/SLA/E624) frequently used to
assess wound satisfaction in MABS studies,4,5,10 the pre and
postoperative breast appearance, size, symmetry, and NAC
position were all comparable among the groups. These findings
are compatible with the Breast-Q questionnaire, which reflects
the reliability of the current study.

The wound length of E-NSM (4.2 ± 0.9 cm, median 4)
and R-NSM (4.1 ± 0.9 cm, median 4) were significantly shorter
than C-NSM (8.3 ± 2.4 cm, median 9, P < 0.01; Supplemental
Digital Content Table 2, http://links.lww.com/SLA/E624,
Fig. 2), and located at more inconspicuous extra-mammary
positions. These benefits of minimal access NSMs were reflected
by higher satisfaction with “scar appearance”, “wound length”,
and “wound location” in the R-NSM and E-NSM groups than
in the C-NSM group. However, no differences were observed
between the two minimal access techniques (E-NSM and
R-NSM) in these 3 aspects. The overall score of E-NSM (24.1 ±
4.5) or R-NSM (24.4 ± 5) was higher than C-NSM (23.6 ± 5.1,
P = 0.02; Fig. 3; Supplemental Digital Content Table 4, http://
links.lww.com/SLA/E624). These results highlight the advan-
tages of scarless esthetic mastectomy.11

There was an improvement in the acute postoperative
VAS pain score of E-NSM or R-NSM compared with the
C-NSM group of patients on days 1 and 2, or the maximum pain
experienced during hospitalization (Supplemental Digital Con-
tent Table 3, http://links.lww.com/SLA/E624, Fig. 3). The QoL
evaluation of long-term pain of the breast/chest wall and upper
extremity or utility of the upper extremity and shoulder per-
formed with a median of 13 months showed no differences
among these 3 groups. In the nipple sensation test, C-NSM (1.7
± 1) was associated with a higher score than E-NSM (1.5 ± 1.2)
or R-NSM (1.6 ± 0.8, P < 0.01, Supplemental Digital Content
Table 3, http://links.lww.com/SLA/E624). Contrary to the find-
ing of better NAC sensation in the R-NSM over the C-NSM
group in a recently published RCT,29 the current study did not
show improved skin or NAC sensation over C-NSM. It has to be
noted, however, that the extent of axillary surgeries performed
varies according to disease status and this might affect QoL
interpretation in different subgroups.

In the current study, the overall medical costs of R-NSM
were ~4000 USDs more than C-NSM and 2600 USDs more than
E-NSM (Supplemental Digital Content Table 3, http://links.lww.
com/SLA/E624). These findings were consistent with one study
that reported an extra 1749 Euros for R-NSM compared with
C-NSM.24 Increased costs from R-NSM have been one of the
most important rate-limiting factors for its widespread
adoption.15 From a cost-effectiveness point of view, E-NSM
might be a more prudent choice than R-NSM as the minimal
access procedure of choices as there were no significant differ-
ences in clinical outcomes and PROMs (esthetic evaluations
and QoL).

The strength of this study lies in the fact that this is the
first prospectively designed multicenter trial comparing R-NSM
versus C-NSM or E-NSM and IPBR in the surgical management

of breast cancer, with important outcome evaluations. Our study
was limited by its small sample size and possible selection bias
among the 3 methods in view of the nonrandomized nature of
the study design. The heterogeneity of each surgical team (breast
surgeons, oncoplastic reconstructive breast surgeons, dual-
trained surgeons, and/or plastic surgeons) could also serve as one
of the confounding factors affecting the outcomes of this study.
However, this heterogeneity could serve to reflect real-world
practice, and it is encouraging to know that important outcomes
were not affected, further confirming the advantages and
reproducibility of minimal-access NSM techniques. In addition
to heterogeneity, the scars of the C-NSM group also varied
widely, with some in less favorable locations, which might lead
to higher complications or lower patient satisfaction. The extent
of axillary surgeries varied according to disease status and might
affect QoL interpretation.

From an oncological safety standpoint, the follow-up
period was too short to establish long-term oncological safety.
Preliminary outcomes showed comparable margin involvement,
locoregional recurrence, or overall survival. The medical costs of
these 3 approaches were rough estimations at best as a true
“cost-effectiveness” analysis could not be realistically performed
to show the actual benefit of either operation in terms of
financial cost.

Despite these limitations, our study is the first to investigate
patients with similar baseline characteristics undergoing 3 differ-
ent surgical approaches. The results of this study are, therefore,
meaningful as it adds to the current body of evidence in this field.

CONCLUSIONS
The results of this study showed that R-NSM or E-NSM

was a safe alternative to C-NSM in terms of perioperative
morbidities, with a trend towards better wound healing. The
PROMs of esthetic results and QoL showed that all 3
approaches were equal. Higher medical costs remained a major
limiting factor in R-NSM. A longer follow-up is needed to
establish the long-term oncologic safety of R-NSM or E-NSM in
the surgical treatment of breast cancer.
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