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Introduction: Neoadjuvant therapy (NAT) should increase the rate of breast-conserving surgery (BCS) in non-
metastatic breast cancer (BC) patients, especially in those achieving tumor shrinkage. Still, the conversion
from a pre-planned mastectomy to BCS in patients responding to NAT is not a widespread standard. We aimed to
identify factors influencing surgical choices in this setting.

Materials and methods: We retrospectively collected data of BC patients with complete remission of primitive
tumor (ypTO) after NAT, treated with BCS or mastectomy in two Italian breast units. Predictors of mastectomy
were explored using logistic regression. Distant recurrence and event-free survival were assessed in the BCS and
mastectomy cohort.

Results: 243 patients were included, 147 (60.5 %) treated with BCS and 96 (39.5 %) treated with mastectomy. In
the mastectomy group, there were more centrally-located, multiple and larger tumors. At univariate regression
analysis, central location, baseline tumor extension on ultrasound (US) and magnetic resonance imaging (MRI),
multiple foci and clinical stage were significantly associated with the chance of receiving mastectomy. At
multivariate analysis, only baseline focality on US and extension on MRI retained significance as predictors of
mastectomy. Distant recurrence and event-free survival were significantly longer in patients undergoing BCS.
Conclusion: Baseline tumor extension and focality were the main predictors of mastectomy in patients with ypTO
after NAT. However, BCS did not negatively affect survival outcomes in our cohort. An effort should be made to
avoid potentially unnecessary mastectomy in this population, aiming at minimizing surgery-associated toxicities
and improving patients’ quality of life.

1. Introduction

Neo-adjuvant therapy (NAT) has gained increasing importance in the
management of non-metastatic breast cancer (BC) patients. Initially
exploited to convert inoperable to operable BC [1-3], NAT allows in-vivo
assessment of tumor chemo-sensitivity, guiding therapeutic choices in
the post-operative setting [4,5]. The degree of response to NAT exerts
prognostic value, significantly related to survival outcomes [4,6-9].

Lastly, achieving tumor shrinkage can reduce the extent of surgery,
avoiding unnecessary axillary lymph node dissection [10,11] and
enabling breast-conserving surgery (BCS) in patients initially scheduled
for mastectomy [12-16]. It is widely recognized that BCS after NAT is
feasible and safe [17-19]. Still, the conversion from a pre-planned
mastectomy to BCS in patients responding to NAT is not a universal
standard [20], despite the advances in imaging techniques and in
localization of non-palpable breast lesions.
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The choice between BCS and mastectomy often remains a complex
and multifaceted decision for breast surgeons. This decision can be
influenced by several patient, tumor, and histopathological features.
Understanding these factors is crucial for optimizing treatment strate-
gies and aligning surgical decisions with the latest clinical evidence.

We retrospectively collected and analyzed data from BC patients
treated in two Italian Breast Units who achieved a complete response on
the primary tumor (i.e.ypTO) after NAT and were subsequently treated
with BCS or mastectomy. The aim of this study is to identify factors
influencing surgical decision-making and predicting the use of mastec-
tomy despite the tumor’s complete response to NAT.

2. Materials and Methods
2.1. Study design and participants

This study is a pooled analysis from DataBreast, a prospectively
maintained European Society of BC Specialist (EUSOMA)-approved
institutional database. Patients informed consent was obtained before
performing data entry.

We collected data from all consecutive BC patients treated with NAT
followed by surgery at the Breast Unit of Humanitas Istituto Clinico
Catanese (HICC, Catania, Italy), and IRCCS Humanitas Research Hos-
pital (ICH, Rozzano, Italy) between 2009 and 2022. Only patients with a
documented pathologic complete response of the primary tumor (ypTO0),
defined as the absence of residual invasive or in-situ carcinoma on the
surgical specimen obtained after NAT were eligible for inclusion. Path-
ological nodal status could be either ypNO (i.e., pathologic complete
response, pCR) or ypN+. Patients with known pathogenic germline
BRCA1/2 variants and those presenting with metastatic disease (cM+)
at the initial diagnosis were excluded from the study. Data on age and
menopausal status at diagnosis, tumor site, focality, dimensions at
baseline ultrasound (US) and MRI, primary tumor stage, clinical nodal
status, tumor grade, molecular features, and intrinsic subtype, type of
NAT regimens, and NAT discontinuation were collected. Pre-operative
staging involved bilateral mammogram, breast, and axillary US in the
majority of patients. While pre- and post-operative MRI of the breast was
not mandatory initially, its frequency increased during the study period
as later internal guidelines recommended it for loco-regional staging
post-NAT. The evaluation of hormone receptor status was conducted
through immunohistochemistry (IHC). Estrogen (ER) and progesterone
receptor (PgR) status was defined as positive when their expression was
observed in at least 1 % of immunoreactive cells [21]. The assessment of
human epidermal growth factor receptor 2 (HER2) status involved both
IHC and fluorescent in-situ hybridization (FISH) techniques, following
the ASCO-CAP guidelines [22]. To monitor the response to systemic
treatment, patients underwent post-NAT evaluation using one or a
combination of the following: bilateral breast and axillary US, MRI of the
breast, or positron emission tomography-computed tomography
(PET/CT). Management of each BC patient was discussed three times at
multidisciplinary tumor board meetings, which included breast/onco-
plastic surgeons, medical oncologists, pathologists, radiation oncolo-
gists, and radiologists. The first multidisciplinary tumor board meeting
was held before initiating NAT, during which the decision was made to
proceed with NAT followed by surgery; however, the type of breast
surgery (BCS or mastectomy) was not specified at this time. The second
multidisciplinary meeting took place after completion of NAT and
before surgery to evaluate tumor response. The third and final multi-
disciplinary tumor board meeting was held after surgery to discuss
pathological findings and plan adjuvant treatments.

2.2. Statistical analysis
Patients were divided into two groups according to the surgical

procedure performed: BCS or mastectomy. Descriptive statistics were
used for cohort characteristics. Continuous variables were summarized
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with median and interquartile range (IQR), and the Wilcoxon rank-sum
test was employed for comparison. Binary and categorical variables
were summarized using proportions. Two-sample tests of proportions
and the Chi square test for heterogeneity were used for comparison,
respectively. Univariate logistic regression was performed; variables
with a significant correlation were then tested in a multivariate model.
Distant recurrence-free survival (DRFS), defined as time from breast
surgery to first occurrence of relapse in a distant site, and event-free
survival (EFS), defined as time from breast surgery to first occurrence
of relapse at any site or death, were evaluated. The Kaplan-Maier
method was used for curves visualization and the log-rank test to
define significant differences in survival between patients treated with
BCS or mastectomy.

For all statistical tests, the significance level was set at 0.05. All
analyses were conducted using STATA v.18 (StataCorp. 2023. Stata
Statistical Software: Release 18. College Station, TX: StataCorp LLC).

3. Results
3.1. Population characteristics

Overall, 1407 BC patients were treated with NAT in the two breast
units during the considered study period (2009-2022). Of these, 243
Caucasian women who achieved ypTO were included, 147 (60.5 %)
undergoing BCS and 96 (39.5 %) undergoing mastectomy. The distri-
bution of surgical types was balanced across two hospital sites (p =
0.87). The median age was 50 years (IQR: 44-58), and menopausal
status was similarly distributed (p = 0.46) between both groups. The
upper external quadrant was the most common tumor site for both BCS
and mastectomy patients. However, a notable prevalence of centrally-
located cancers was observed in the mastectomy group (30.2 % vs
19.7 % in the BCS group, p = 0.009). Multiple foci on initial US were
more frequent in the mastectomy group (33.3 % vs 16.4 % in the BCS
group; p = 0.001), and tumors in this group were larger at baseline US
(median extension 29 mm vs 24 mm in the BCS group; p = 0.009).
Baseline MRI was performed in 63.4 % of patients, without significant
differences between groups (p = 0.97). Mastectomy patients had more
frequently multiple foci on MRI (42.7 % vs 27.2 % in BCS; p = 0.005)
and larger tumor dimensions (median extension 40 mm vs 30 mm in
BCS; p = 0.0001). The primary tumor stage (cT stage) showed a higher
proportion of ¢T3/4 cancers in the mastectomy group (18.8 % vs 6.8 %
in BCS; p = 0.003), leading to a greater number of stage III BC cases
(14.6 % vs 6.1 % in BCS; p = 0.03). No significant differences were
observed in tumor grading, hormone receptor status, HER2 status, Ki67
index, and intrinsic molecular subtype between groups. Chemotherapy
regimens, primarily sequential anthracycline and taxane, was similar
across groups (p = 0.73), as was the use of targeted agents (58.4 %, p =
0.58). Chemotherapy discontinuation rates were comparable (10.3 %, p
= 0.71). Descriptive statistics are summarized in Table 1.

3.2. Regression analysis

In order to identify potential predictors of mastectomy in our pop-
ulation, we conducted univariate and multivariate logistic regression
analyses. In the univariate analysis, several factors emerged as signifi-
cantly related to the likelihood of receiving a mastectomy. Patients with
multiple tumor foci at baseline US were more likely to undergo mas-
tectomy, with an odds ratio (OR) of 2.69 [95 % confidence interval (95
% CI): 1.45-4.99, p = 0.002]. The cancer extension at baseline US was
also a significant predictor, with each millimeter increase in tumor size
associated with a 3 % increase in the likelihood of mastectomy (OR:
1.03, 95 % CI: 1.01-1.04, p = 0.008). Similarly, the tumor’s focality and
size at baseline MRI influenced the surgical decision: multiple foci were
associated with a higher probability of mastectomy (OR: 2.59, 95 % CI:
1.33-5.04, p = 0.005), while each millimeter increase correlated with a
5 % higher chance of mastectomy (OR: 1.05, 95 % CI: 1.02-1.07, p <
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Table 1
Descriptive statistics.
Total BCS Mastectomy p
N =243 N =147 N =96 (39.5
(60.5 %) %)
Hospital site 0.87
Catania, n (%) 158 95 (64.6) 63 (65.6)
(65.0)
Rozzano, n (%) 85(35.0) 52(35.4) 33 (34.4)
Patients characteristics
Age in years, median 50 50 49.5 0.69

(IQR) (44-58) (45-58) (43.5-47.5)
Menopausal status 0.46

Premenopausal, n (%) 122 71 (48.3) 51 (53.1)

(50.2)
Postmenopausal, n (%) 121 76 (51.7) 45 (49.9)
(49.8)
Tumor characteristics
Site
UpperExternal”, n (%) 114 74 (50.3) 40 (41.7) 0.009
(46.9)

Upperlnternal, n (%) 28 (11.5) 16 (11.0) 12 (12.5)

Lower External, n (%) 29 (11.9) 20 (13.6) 9(9.4)

Lower Internal, n (%) 9(3.7) 8 (5.4) 1(1.0)

Central, n (%) 58(23.9) 29(19.7) 29 (30.2)

Multiple, n (%) 5(2.1) 0 (0) 5(5.2)

Focality (baseline US) 0.001

Single, n (%) 172 115 (78.2) 57 (59.4)

(70.8)

Multiple, n (%) 56(23.0) 24 (16.4) 32 (33.3)

Missing, n (%) 15 (6.2) 8(5.4) 7 (7.3)

Extension in mm (baseline 25 24 29 (20-40) 0.009

US), median (IQR) (18-35) (17-30)

Baseline MRI, n (%) 154 93 (63.2) 61 (63.5) 0.97
(63.4)
Extension in mm (baseline 32 30 40 (29-60) 0.0001

MRI), median (IQR) (23-45) (21-36)

Focality (baseline MRI) 0.005

Single 74(30.5) 53 (36.1) 21 (21.9)

Multiple 81(33.3) 40(27.2) 41 (42.7)

Missing 88(36.2) 54 (36.7) 34 (35.4)
Post-treatment MRI, n (%) 165 (68) 104 (70.7) 61 (63.5) 0.24
Extension in mm (post- 0(0-7) 0 (0-6) 0(0-11) 0.50

treatment MRI), median

(IQR)
ycTO at post-treatment 0.69

MRI

Yes, n (%) 114 73 (49.7) 41 (42.7)

(46.9)

No, n (%) 51(21.0) 31 (21.1) 20 (20.8)

Missing 78(32.1) 43 (29.2) 35 (36.5)

Primary tumor stage (cT) 0.003

cT1, n (%) 64(26.3) 47 (32.0) 17 (17.7)

cT2, n (%) 148 88 (59.9) 60 (62.5)

(61.0)

cT3-4, n (%) 28(11.5) 10(6.8) 18 (18.8)

Missing 3(1.2) 2(1.3) 1(1.0)

Clinical nodal stage (cN) 0.13

cNO, n (%) 102 67(45.6) 35 (36.5)

(42.0)
cN+, n (%) 141 80 (54.4) 61 (63.5)
(58.0)
Clinical TNM stage 0.03
L n (%) 34(14.0) 25(17.0) 9(9.4)
1L, n (%) 182 111 (75.5) 71 (73.9)
111, n (%) (74.9)
Missing, n (%) 23(9.5) 9(6.1) 14 (14.6)
4 (1.6) 2149 2(2.1)
Grading 0.61
Intermediate, n (%) 48 (19.7) 28 (19.1) 20 (20.8)
High, n (%) 136 85 (57.8) 51 (53.1)
(56.0)

Missing n (%) 59(24.3) 34(23.1) 25 (26.0)

ER status 0.39

Positive, n (%) 116 74 (50.3) 42 (43.7)

(47.8)
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Table 1 (continued)

Total BCS Mastectomy p
N =243 N = 147 N =96 (39.5
(60.5 %) %)
Negative, n (%) 125 73 (49.7) 52 (54.2)
(51.9)
Missing, n (%) 2(0.8) 0 (0) 2(2.1)

ER expression level, 0 (0-75) 1 (0-80) 0 (0-70) 0.49
median (IQR)

PgR status 0.18
Positive, n (%) 92(37.9) 61 (41.5) 31 (32.3)

Negative, n (%) 149 86 (58.5) 63 (65.6)
(61.3)
Missing, n (%) 2(0.8) 0(0) 2(2.1)

PgR expression level, 0 (0-20) 0 (0-25) 0 (0-15) 0.23
median (IQR)

HER2 status 0.73
Positive, n (%) 140 86 (58.5) 54 (56.3)

(57.6)
Negative, n (%) 103 61 (41.5) 42 (43.7)
(42.4)

Ki67 % proliferation 40 40 40 (30-60) 0.29
index, median (IQR) (30-60) (30-65)

Intrinsic variant 0.85
Luminal/HER2 neg, n (%)  45(18.5) 28 (19.0) 17 (17.7)
Luminal/HER2 pos, n (%) 71(29.2) 46 (31.3) 25 (26.0)

HER2 enriched, n (%) 67 (27.6) 39 (26.6) 28 (29.2)
Triple negative, n (%) 58(23.9) 34 (23.1) 24 (25.0)
Missing, n (%) 2(0.8) 0 (0) 2(2.1)

Treatment Characteristics

Chemotherapy regimen, n 0.73
(%)

Anthracycline + Taxane 222 136 (92.5) 86 (89.6)

(91.4)

Anthracycline + Taxane 12 (4.9) 7 (4.8) 5(5.2)
+ Carboplatin

Anthracycline alone 3(1.2) 1(0.7) 2(2.1)

Taxane alone 6 (2.5) 3(2.0) 3(3.1)

Targeted agents, n (%) 142 88 (59.9) 54 (56.2) 0.58

(58.4)
Chemotherapy 25(10.3) 16 (10.9) 9(9.4) 0.71

discontinuation, n (%)

Legend: BCS breast-conserving surgery; IQR interquartile range; US ultrasound;
MRI magnetic resonance imaging; ER estrogen receptor; PgRprogesterone
receptor.

# Includes axillary tail.

0.0001). Patients with c¢T3-4 tumors had significantly higher odds of
mastectomy compared to those with smaller tumors (OR: 5.52, 95 % CI:
1.91-16.01, p = 0.001). Additionally, patients with TNM stage III dis-
ease were more likely to undergo mastectomy compared to those with
stages I or II (OR: 4.32, 95 % CI: 1.39-13.4, p = 0.01). Univariate
analysis results are summarized in Table 2.

In a multivariate regression model that included variables with a
statistically significant correlation in the univariate analysis (i.e., base-
line US focality, baseline US extension, baseline MRI focality, baseline
MRI extension, primary tumor’s stage, and TNM tumor’s stage), only US
focality and MRI extension retained their significance (OR 2.69, 95 % CI:
1.04-6.92; p = 0.041 and OR 1.04, 95 % CI: 1.01-1.09; p = 0.015,
respectively, Pseudo R2 0.16) (Table 3).

3.3. Survival analysis

Median follow-up was 38.9 months in the BCS group (IQR 23.2-57.6
months) and 38.4 months in the mastectomy group (IQR 23.1-68.5
months).

Overall, 21 patients (8.6 %) had a distant recurrence, 8 (5.4 %) in the
BCS group and 13 in the mastectomy group (13.5 %). At 12, 24 and 36
months DRFS was 96.5 %, 95.0 % and 94.0 % among patients treated
with BCS and 95.7 %, 89.4 % and 86.4 % among patients treated with
mastectomy, respectively. Distant-recurrence free survival difference
was significant between the two groups (log-rank p = 0.031) (Fig. 1A).
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Table 3
Multivariate analysis.

Table 2
Univariate regression analysis.
Variables Univariate odds ratio (95 % P value
Cch
Hospital site 0.96 (0.56-1.64) 0.87
Age in years 1.0 (0.97-1.02) 0.85
Menopausal status 0.82 (0.49-1.38) 0.46
Site
Upperexternal® - -
Upperinternal 1.42 (0.61-3.31) 0.41
Lowerexternal 0.85 (0.36-2.05) 0.72
Lower internal 0.24 (0.03-1.97) 0.18
Central 1.90 (0.99-3.61) 0.05
Multiple - -
Focality (baselineUS)
Single - -
Multiple 2.69 (1.45-4.99) 0.002
Extension in mm (baseline US) 1.03 (1.01-1.04) 0.008
Baseline MRI 1.01 (0.59-1.63) 0.97
Extension in mm (baseline MRI) 1.05 (1.02-1.07) <0.0001
Focality (baseline MRI)
Single - -
Multiple 2.59 (1.33-5.04) 0.005
Post-treatment MRI 0.72 (0.42-1.25) 0.24
Extension in mm (post-treatment 1.02 (0.99-1.05) 0.23
MRI)
ycTO at post-treatment MRI 0.87 (0.44-1.72) 0.69
Primary tumor stage (cT)
cT1 - -
cT2 1.88 (0.99-3.54) 0.054
cT3-4 4.98 (1.92-12.89) 0.001
Clinical nodal stage (cN) 1.50 (0.88-2.55) 0.13
cN+
Clinical TNM stage
I - -
I 1.77 (0.78-4.03) 0.17
11 4.32(1.39-13-4) 0.01
Grading
Intermediate - -
High 0.84 (0.43-1.64) 0.61
Estrogen receptor status 0.80 (0.47-1.34) 0.39
Estrogen receptor expression level 1.00 (0.99-1.00) 0.45
Progesterone receptor status 0.69 (0.40-1.19) 0.19
Progesterone receptor expression 1.00 (0.99-1.00) 0.42
level
HER2 status 0.91 (0.54-1.53) 0.73
Ki67 % proliferation index 0.99 (0.98-1.00) 0.19
Intrinsic variant
Luminal/HER2 neg - -
Luminal/HER2 pos 0.85 (0.39-1.84) 0.67
HER2 enriched 1.14 (0.53-2.48) 0.74
Triple negative 1.12 (0.34-2.50) 0.78
Chemotherapy regimen
Anthracycline + Taxane - -
Anthracycline + Taxane + 1.13 (0.35-3.67) 0.84
Carboplatin
Anthracycline alone 3.16 (0.28-35.4) 0.35
Taxane alone 1.58 (0.31-8.01) 0.58
Targeted agents 0.86 (0.51-1.45) 0.58
Chemotherapy discontinuation 0.85 (0.36-2.00) 0.71

Legend: US ultrasound; MRI magnetic resonance imaging; ER estrogen receptor;
PgRprogesterone receptor.
2 Includes axillary tail.

Twenty-seven patients (11.1 %) had an event, intended as loco-
regional or distant recurrence or death for any cause, 11 (7.5 %)
among BCS patients and 16 (16.7 %) among mastectomy patients. At 12,
24 and 36 months DRFS was 95.1 %, 93.6 % and 92.6 % among patients
treated with BCS and 94.6 %, 87.0 % and 83.9 % among patients treated
with mastectomy, respectively. Event-free survival difference was sig-
nificant between the two groups (log-rank p = 0.034) (Fig. 1B).

4. Discussion

The use of NAT in BC has substantially increased over the past years

Variables Multivariate odds ratio (95 % CI) P value

Focality (baseline US)

Single - -

Multiple 2.69 (1.04-6.92) 0.041
Extension in mm (baseline US) 1.00 (0.95-1.04) 0.87
Focality (baseline MRI)

Single -

Multiple 1.35 (0.55-3.31) 0.51
Extension in mm (baseline MRI) 1.04 (1.01-1.09) 0.015
Primary tumor stage (cT)

cT1 - -

cT2 1.59 (0.33-7.67) 0.57

cT3-4 -
Clinical TNM stage

I — —

I 0.64 (0.10-4.07) 0.64

111 -

Legend: US ultrasound; MRI magnetic resonance imaging.

[13,23]. Pre-operative systemic treatment may lead to conversion from
mastectomy to BCS, especially when breast conservation was not
initially feasible. This is particularly true for BC patients who achieve
complete remission of the primary tumor (i.e., ypT0). Even though a
considerable number of eligible patients undergo BCS following NAT,
mastectomy is still performed in many cases. In recent neo-adjuvant
trials, low rates of breast conservation have been observed despite the
increase of pCR rates with innovative therapies [14,18,19,24-28]. A
meta-analysis of 36 studies involving 12,311 BC patients confirmed that
PCR does not increase BCS in patients receiving NAT [29].

We conducted a retrospective analysis of BC patients with ypTO
treated in two Italian Breast Units, to assess factors influencing surgical
decision-making and identify predictors of mastectomy following NAT
in this population. Data were extracted from a standardized, high-
quality database, making our results comparable and widely appli-
cable across the network that utilizes DataBreast.

According to regression analysis, cancer extension and focality on
baseline US and MRI significantly correlated with the post-NAT surgical
choice.

Pre-operative radiological assessment after NAT is more challenging
compared to the upfront surgical setting. Tumor histopathological and
biological features, heterogeneous response patterns, and potential in-
consistencies between clinical and pathological responses can all
contribute to the lack of confidence in post-NAT radiological evaluations
[30-32]. Additionally, general consensus about the optimal radiological
work-up after NAT has not been achieved yet [33-35]. Keune et al.
conducted a retrospective analysis of 192 BC patients with 196 primary
tumors and reported that US was more accurate than mammography in
measuring residual disease after NAT. Ultrasound accurately sized the
residual disease in 91.3 % of cases, compared to 51.9 % measured by
mammography (p < 0.0001) [36]. Sudhir et al. compared post-NAT
mammography, US, and MRI in 56 consecutive stage II-III BC patients
[37]. Accuracy rates for predicting residual tumor size were 57 % for
mammography, 50 % for US and 85 % for MRI. The sensitivity of MRI to
detect pCR was 72.7 % [37]. A meta-analysis of 44 studies conducted
between 1990 and 2008, involving 2050 BC patients who underwent
imaging evaluation of residual disease after NAT, found that MRI
exhibited generally high sensitivity (83-87 %) and variable specificity
(54-83 %). However, no differences between MRI and US were found in
terms of accuracy (p = 0.15) [38]. In a systematic review comprising 35
studies, the sensitivity, specificity, positive predictive value, and nega-
tive predictive value of MRI to predict pCR ranged from 25 % to 100 %,
50 %-97 %, 47 %-73 %, and 71 %-100 %, respectively [39]. A retro-
spective study by Kuzmova et al. demonstrated an overall accuracy of
77.3 % for MRI in predicting pCR, with significantly better performance
in triple-negative BC compared to hormone
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Fig. 1. Distant Recurrence-free Survival (A) and Event-free Survival (B) of ypTO patients treated with breast-conserving surgery or mastectomy. BCS: Breast-

conserving surgery.

receptor-positive/HER2-negative sub-type (p = 0.0057) [40]. Given its
accuracy, MRI is considered the standard tool for primary tumor
assessment after NAT [39,41,42]. However, it may overestimate the
extent of residual disease, eventually leading to radical surgery and
poorer cosmetic outcomes even when BCS is technically feasible and
clinically appropriate [43-45]. Marinovich et al. [46] conducted a
meta-analysis of 19 studies, examining the agreement between MRI and
pathology in this setting. The study showed a tendency for MRI to
overestimate pathologic tumor size, with a pooled mean difference of
0.1 cm. According to a retrospective study by Kwak et al. including 225
BC patients who underwent a MRI before and after NAT between 2016
and 2021, 15 % of the results were false positives [47].

Multiple tumor foci at baseline assessment was another factor
significantly correlating with the choice of mastectomy in our study.
Surgical decision-making in BC patients with more than two lesions in a
single quadrant (i.e.multifocal) or across multiple quadrants (i.e.multi-
centric) often involves complex considerations and a degree of uncer-
tainty for both patients and breast surgeons, especially after NAT.
Guidelines usually indicate mastectomy for BC patients with unclear
pre-operative margin status, including multifocal/centric presentations
[48]. These recommendations are partly based on previous evidence
showing poorer prognosis in multifocal/multicentric disease [49-51].
However, a recent pooled analysis of three prospective trials involving
6134 patients undergoing BCS after NAT showed that local control and
OS are not inferior in BC patients with multicentric/multifocal tumors
compared to those with unifocal presentation, provided that clear sur-
gical margins are achieved [52].

Tumor shrinkage after NAT poses a challenge for breast surgeons that
must accurately locating and completely excising the primary tumor
site. Still, the use of metallic clip to mark the tumor bed in BC patients
potentially candidate to BCS should be routing practice before NAT [53,
54]. The metallic clip remains detectable during the entire course of
NAT, facilitating pre-operative localization and intra-operative identi-
fication of the tumor bed [55].

In the upfront surgical setting, BCS has proven to be a safe alternative
to mastectomy in terms of OS [56,57], with recent studies even
reporting improved survival with BCS [58,59]. Similar results were
obtained in patients undergoing BCS after NAT, showing that breast
conservation is not detrimental compared to mastectomy, while
providing better cosmetic outcomes and quality of life [20,60,61].
However, fear of local recurrence may represent another driver of
mastectomy choice in patients with tumor complete response after NAT.
This concern was accentuated by findings from a meta-analysis by the
Early BC Trialists’ Collaborative Group (EBCTCG) in 2018 [62],
including ten randomized trials with a median follow-up of nine years,
indicated a higher incidence of local recurrences in patients who

underwent BCS for NAT-downsized tumors, compared to those receiving
BCS in the adjuvant setting for similarly sized tumors. Notably, within
these trials, two studies did not conduct surgical intervention post-NAT
in cases of clinical complete response. The likelihood of local recurrence
was particularly elevated in those initially designated for mastectomy
but who ultimately received BCS, highlighting potential issues in sur-
gical planning (i.e. radiological imaging and pre-operative tumor
localization). Moreover, data on axillary surgery and radiotherapy were
unknown. On the other hand, Werutsky et al. performed a pooled
analysis including 10,075 patients with primary BC after NAT, showing
that the 5-year cumulative loco-regional recurrence rates were 7.8 %
among patients treated with BCS and 11.3 % with mastectomy [63]. In
the recent prospective, randomized, I-SPY2 trial, Mukhtar et al. evalu-
ated the relationship between the response to NAT, as measured by the
residual cancer burden (RCB) method, and the loco-regional recurrence
rate in 1462 BC patients who underwent surgical treatment (BCS vs
mastectomy) between the years 2010 and 2021 [64]. At a median
follow-up of 3.5 years, 34 (5.4 %) patients in the BCS group and 58 (7.0
%) patients in the mastectomy group experienced a loco-regional
recurrence (p = 0.18). Those patients with RCB 2/3 disease after NAT
experienced a significantly shorter loco-regional free survival than those
with RCB 0/1 disease, regardless of whether BCS or mastectomy was
performed. Among patients with RCB 0/1 status after NAT, there was no
difference in loco-regional free survival between those having BCS vs
mastectomy. Additionally, many other studies have consistently
demonstrated that BCS does not compromise local recurrence rates or
OS in BC patients treated with NAT [17-19]. Results of survival analysis
in our cohort are in line with previous findings, demonstrating that BCS
is not detrimental compared to mastectomy in patients responding to
NAT [65-69]. Despite in our study DRFS and EFS are significantly better
in patients undergoing BCS, these findings should be interpreted
cautiously, due to the unbalance in baseline patients characteristics (e.g.
more advanced stage in the mastectomy group) and lack of control for
potential post-NAT biases (e.g. adjuvant treatments received).
Limitations of our study include its retrospective design, the lack of
information about patient preferences and individual concerns, and the
absence of post-NAT ultrasound data. However, we have implemented
measures to mitigate them. To overcome the lack of post-NAT US data,
we included post-NAT MRI assessments in our analysis, which provided
comprehensive imaging information. By focusing on a homogeneous
group of BC patients who achieved ypTO after NAT and underwent
surgery across two breast units, our study ensures a consistent treatment
approach. The use of data from a standardized, high-quality database
enhances the reliability of our findings. Although the study does not
encompass considerations about oncoplastic procedure and delayed
reconstruction, its structured approach and the specific patient cohort
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enhance the generalizability and relevance of its results to other breast
units.

Avoiding unnecessary mastectomies may enhance patient quality of
life while safeguarding clinical outcomes. Multidisciplinary manage-
ment and rigorous evaluation of patient and tumor characteristics before
and after NAT is paramount for optimizing the treatment of these
women. Our retrospective data suggest that mastectomy in patients with
ypTO disease post-NAT does not provide any advantage in terms of loco-
regional staging and long-term survival outcomes. Indeed, BCS may
yield oncological outcomes that are comparable, if not superior, to those
following mastectomy.

5. Conclusions

In conclusion, BCS should be prioritized whenever feasible to
improve the management of BC patients responding to NAT. Prospective
studies are needed to confirm our findings in the future.
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