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Impact of margin distance on recurrence
and survival following breast-conserving
surgery after neoadjuvant systemic
therapy

Check for updates

C. Florin Pop1,6 , Clémence Ortega1,6, Mathilde Lecomte1, Paulus Kristanto2, Chirine Khaled3,
Filip De Neubourg1, Antoine Desmet4, Evandro De Azambuja5, Denis Larsimont3 & Isabelle Veys1

Current evidence does not support the application of “no-ink-on-tumor” negative margins following
breast-conserving surgery (BCS) in breast cancer (BC) patients who have received neoadjuvant
systemic treatment (NST). We compared loco-regional free survival (LRFS), disease-free survival
(DFS), and overall survival (OS) based on different tumormargin distance thresholds in a cohort of 235
BC patients treated with NST and subsequent BCS between 01/2015 and 12/2019. The 5-year LRFS
was 81.6% in patients with “no-ink-on-tumour”, margins and 71.0% in those with positive margins
(p = 0.584). Margins >1mm were associated with superior outcomes, with a 5-year LRFS of 84.0%
compared to 69.3% in patients with margins ≤1mm (p = 0.005). Additionally, margins >1mm were
significantly correlated with longer DFS (p = 0.028) and OS (p = 0.001). These findings suggest that a
surgical margin distance >1mm provides the best LRFS, DFS, and OS outcomes for this group of BC
patients.

The incidence of breast cancer (BC) is increasing and has surpassed lung
cancer as the most common cancer among women. Fortunately, mortality
rates are decreasing due to early detection and treatment1,2. One important
treatment advance has been the introduction of neoadjuvant systemic
treatment (NST) for patients diagnosed with BC2,3. Previously, the primary
objective of NST was to reduce tumour size, enabling breast-conserving
surgery (BCS) and avoiding mastectomy3–7. NST is nowmore often used to
shrink unresectable tumours and to reduce excision volume in cases that are
resectable initially6–8. NST has also led to the phenomenon of pathological
complete response (pCR), which is associated with a better prognosis for
these BC patients9,10. The frequency of pCR is increasing, especially with the
development of newtargeted therapies10–12. Another advantage ofNST is the
ability to evaluate ‘in vivo’ tumour response and adapt adjuvant treatments
accordingly2,3,12. Following international recommendations, the use of NST
has increased in recent years, and small, aggressive stage I or II tumours are
now treated with NST2,3.

Even for patients treatedwithNST, BCS remains afirst-line indication.
Several hypotheses have been proposed regarding the potential advantages
of BCS after NST. BCS provides equivalent or better survival compared to
mastectomy13,14, better cosmetic outcomes and quality of life7,15, and finally
fewer positive margins7,14–17.

However, identifying residual tumours after NST is challenging for
surgeons performing BCS. The extent of residual tumour is uncertain and
difficult to assess pre- and intraoperatively12,16,18–20. Tumour marking is
therefore essential to distinguish residual tumours or the tumour bed and
ensure clean margins21. Negative resection margins are necessary because
they have been shown to improve prognosis and reduce the risk of local
recurrence in lumpectomy in both primary BCS and also after NST7,8,14,16,22.
Currently, there is limited data on how to define negative and positive
resectionmargins after BCS followingNST7,14,16,23. There is no clear evidence
that current guidelines for BCS negative margins, defined as “no-ink-on-
tumour,” apply to patients who have received NST24–27. Resection margins
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are a concern, and fears of being too narrow can lead to unnecessary re-
excisions ormastectomies. Therefore, it is important to define thesemargins
accurately25.

The aim of this study was to determine the influence of surgical
resection margin distance on loco-regional recurrence (LRR) and survival
outcomes in patients with BC treated with BCS after NST.

Results
Patient clinico-pathological characteristics and margin status
During the study period, 235 patients underwent BCS at the IJB after NST
andwere included in the study. The patient selection process is presented in
Fig. 1.

The median age of the patients was 52.9 years (range 27.9–87.7). The
tumourwas unifocal at presentation for 198 (84.2%) patients and themedian
tumour size at diagnosiswas 30mm(range 7–75).On initial core biopsy, 216
(91.9%)patientshad invasiveductal carcinoma(IDC) and132 (56.9)patients
hadhigh-grade tumours.Breast cancer subtypes included85 (36.5%)patients
with HR+/HER2− disease, 72 (30.9%) with HR+/HER2+ disease, and 58
(24.9%) with HR-/HER2- disease. Most patients received neoadjuvant che-
motherapy 215 (91.5%). All 90 (38.3%) HER2+ patients received neoadju-
vant trastuzumab, and adjuvant endocrine therapy was prescribed to all 154
(65.5%)HR+patients. A complete response toNSTonMRIwas observed in
27.3% of the patients. No residual breast tumour on the final pathology (FP)
was observed in 76 (32.5%) patients. Axillary dissection was performed for
majority of patients (82.9%) and 230 (97.9%) patients received radiotherapy
following surgical management. The clinicopathological and treatment
characteristics of the patients are detailed in Table 1.

Margin status
One-stageBCSwith anegativemarginof “no-ink-on-tumour”wasobtained
in 214 (91.1%) of patients. Intraoperative re-excision was performed in 94
patients (40.2%). The finalmargin status was positive (“ink-on-tumour”) in
21 (8.9%) patients, for residual invasive disease in 16 (6.8%) patients and
only for residual in situ disease in 5 (2.1%) patients. The negative (“no-ink-
on-tumour”) margins were as follow: “tangent” (≤1mm) in 26 (11.1%)
patients, “close” (1–2mm) for 17 (7.2%) patients, and “distant” (>2mm) for
171 (72.8%) patients. For 4 (1.7%) patients with positive margins located
posteriorly, an excisionwas not considered necessary and/or possible by the
operating surgeon. A secondary surgery was done in 17 (7.2%) patients, 8
(3.4%) mastectomies and 9 (3.8%) secondary re-excisions. On univariate
analysis, pathological T and N stage, histologic type, receptor subtype, and
RCB classification were associated with surgical margins >1mm (p = 0.05,
Table 2).

Oncological outcomes
The median follow-up for patients included in the study was 63.5 (range
3–109.5)months. Therewere 25 (10.6%) LRRs in the studied population, 21
(8.9%) breast recurrences and 4 (1.7%) axillary recurrences (3 of them
associatedwith an ipsilateral breast recurrence). LRRs occurred in 3 patients
with a “positive”margin, in 9with a “tangent”margin, innonewith a “close”
margin, and in 13with a “distant”margin.Adistant recurrencewas found in
29 (12.3%) cases. Twenty-six (11.1%) patients died during the follow-up
period.

The unadjusted 5-year LRFS was 80.9% (95% CI: 75.6–86.7). Com-
paring the 5-year LRFS of different margin cut-offs, better LRFS was
observed (p = 0.005) for patients with margins >1mm (84.0%; 95% CI:
78.3–90.0) than for those with resection margins ≤1mm (69.3%; 95% CI:
56.5–85.0) (Fig. 2A). There was a trend towards better LRFS (p = 0.108)
betweenpatientswithmargins>2mm(80.3%; 95%CI: 77.3–89.7) and those
withmargins≤2mm(75.0%; 95%CI: 64.2–87.6) (Fig. 2B).However, we did
not observe a significant difference (p = 0.584) between negative margins
(81.6%; 95% CI: 76.0–87.6) and positive (“ink-on-tumour”) margins
(71.0%; 95% CI: 52.4–96.3) (Fig. 2C).

Overall 5-year OS for the whole cohort was 88.9% (95%CI: 84.5–93.4)
and 5-yearDFSwas 75.7% (95%CI: 69.8–82.0). A higher 5-yearOS ratewas
observed in patients with margins >1mm than for those with resection
margins ≤1mm with an absolute difference amount of 12.9% (p = 0.001)
(Fig. 2D). A trend towards better OS, (p = 0.044), was observed in women
with margins >2mm (90.6%; 95% CI: 85.8–95.7) than those with margins
≤2mm (84.2%; 95% CI: 75.1–94.3) (Fig. 2E). Again, no difference was
observed (p = 0.717) for 5-year OS between negative margins (88.7%; 95%
CI: 84.1–93.6) and positive (“ink-on-tumour”) margins (87.8% 95% CI:
73.4–100.0) (Fig. 2F).

There was also a benefit (p = 0.028) observed in DFS for margins
>1mm (79.1%; 95%CI: 72.9–85.9) compared to those ≤1mm (62.1%; 95%
CI: 75.1–94.3) (Fig. 2G). No DFS benefit (p = 0.241) was observed for
margins >2mm (78.7%) compared to those ≤2mm (67.8%) (Fig. 2H).
There was no DFS difference observed (p = 0.582) in women with negative
margins (76.7%; 95% CI: 70.7–83.3) compared to those with “positive”
margins (65.3%; 95%CI: 46.0–92.6) (Fig. 2I).

In a univariate analysis, after adjusting the proportional hazards
regression analysis for age, menopausal status, BMI, presenting clinical T
stage, tumour focality, tumour grade on biopsy, ER, PR, HER2, and Ki67
status, intrinsic subtype, response to treatment on MRI, ypN stage, and
residual cancer burden (RCB) status, it became apparent that status ofRCB0
was associated with an improved LRFS (HR = 0.36; p = 0.022; 95% CI:
0.17–0.87), OS (HR = 0.17; p = 0.016; 95% CI: 0.04–0.72) and DFS (HR=

Fig. 1 | Flowchart of patient population selection
and categorization according to final pathological
margin status. The prospective database was sear-
ched for breast cancer (BC) patients treated with
neoadjuvant systemic therapy (NST) between 2014
and 2019 at Institut Jules Bordet. After the exclusion
of patients treated with mastectomy, and those with
metastatic (M+) disease at presentation, only
patients who underwent breast-conserving surgery
(BCS) were included in the study. The included BC
population was categorized according to the final
margin status at pathology for different margin
distance cut-offs.
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0.49; p = 0.032; 95%CI: 0.25–0.94). While the final positive ypN status was
significantly associated with worse OS (HR = 2.8; p = 0.008; 95% CI:
1.30–6.07) and DFS (HR = 1.87; p = 0.025; 95% CI: 1.08–3.23) but did not
have a significant association on LRFS (HR = 1.83; p = 0.053; 95% CI:
0.99–3.37).

When different surgical margin distances were included in a multi-
variate Cox regression model that accounted for baseline tumour char-
acteristics and treatment covariates (Table 3), surgical margins >1mm
remained a significant independent predictor of both LRFS (HR, 0.47; 95%
CI, 0.23–0.95; p = 0.035) and OS (HR, 0.40; 95% CI, 0.17–0.94; p = 0.036).
An increased RCB score (>0) was also significantly associated with worse
LRFS (HR, 3.03; 95% CI, 1.19–7.70, p = 0.020) and OS (HR, 10.53; 95% CI,
1.35–82.25, p = 0.024). Additionally, the intrinsic subtype was associated
with the risk of loco-regional disease recurrence and DFS (Table 3).

Discussion
The “optimal” resection margin distance after BCS following NST is not yet
clearly defined7,8,16,23–25,27. In this cohort of BC patients treated with NST
followed by BCS, evaluation of various margin definitions suggests that a
distance greater than 1mm should be considered safer for our patients.
Resectionmargins>1mmofferbetter5-yearLRFScompared to those≤1mm
(84.0% versus 69.3%, p = 0.005). Furthermore, the advantage of a resection
margin distance >1mm that was observed in this study was also significantly
associatedwithbothOS (91.5%versus 78.6%,p = 0.001) andDFS (79.1 versus
62.1%, p = 0.028) in BC patients who received NST followed by BCS.

Since 2014, for tumours treated with primary BCS, increasing the
margin distance has been considered to provide no additional benefit
compared to the “no-ink-on-tumour”margin22,26. By analogy, this “no-ink-
on-tumour”margin has furthermore been considered to also be optimal for
BCS cases after NST, but without clear evidence8,16,23–25,27. However, a recent
review and meta-analysis of 68 studies including 112,140 women treated
with upfront BCS reported that a minimum margin of >1mm was the
margin required tominimizebothdistant recurrence and local recurrence in
patients treated even with primary BCS22.

The “optimal” resection margin distance of BCS following NST is not
yet clearly defined23–25. A few retrospective studies have sought to identify
the most appropriate margin distance in the context of BCS after NST. A
wide variety of margin definitions have been tested, but studies have used
either a different margin cut-off or a somewhat different methodology, to
identify whether the cases with pCR in the breast were taken into account or
not. Furthermore, no direct comparison of the margins has been reported
according to the “no-ink-on-tumour” definition for this group of patients
(Table 4)4,8,16,23–25,27–29.

Table 1 | Clinical, pathologic, and treatment characteristics of
the study population

Variable N (%)

Patients 235

Age median (range) 52.9 (27.9–87.7)

BMI median (range) 25.5 (17.1–45.4)

Clinical T Size (mm) median (range) 30 (7–75)

Clinical N stage

cN0 81 (34.4%)

cN+ 107 (45.5%)

cNx 47 (20%)

Histologya

Ductal 216 (92.3%)

Lobular 10 (4.2%)

Other 8 (3.4%)

Tumour gradea

G1 17 (7.3%)

G2 83 (35.8%)

G3 132 (56.9%)

Ki 67 indexa median (range) 40% (5–100%)

Intrinsic subtypeb

Luminal A 33 (14.0%)

Luminal B 124 (52.8%)

HER2-enriched 18 (7.6%)

Triple-negative 58 (24.7%)

Missing data 2 (0.8%)

Response to NST on MRI

Complete response 63 (27.3%)

Partial response 141 (61%)

Stable 25 (10.8%)

Progression 2 (0.9%)

Missing data 4 (1.7%)

RCB classification

0 (pCR) 76 (32.3%)

I 21 (8.9%)

II 107 (45.5%)

III 31 (13.2%)

Pathological size (mm) median, (range) 16 (1–55)

Final nodal stage

ypN0 168 (71.5%)

ypN1 43 (18.3%)

ypN2-3 20 (8.5%)

Type of axillary surgery

SLNB 34 (14.5%)

ALND 197 (83.8%)

None 4 (1.7%)

One stage BCS 214 (91.1%)

Secondary breast surgery 17 (7.2%)

Re-excision 9 (3.8%)

Mastectomy 8 (3.4%)

Postoperative RTc 230 (97.9%)

Endocrine adjuvant therapy 154 (65.5%)

Table 1 (continued) | Clinical, pathologic, and treatment
characteristics of the study population

Variable N (%)

Follow-up (months)

median (range) 63.5 (3-109.5)

Local recurrence 21 (8.9%)

Axillary recurrence 4 (1.7%)

Distant metastasis 29 (12.3%)

BC mortality 26 (11.1%)

BC breast cancer, BMI body mass index, T tumour, N node, G grade, ER oestrogen receptor, PR
progesterone receptor, HER2 human epidermal growth factor receptor type 2, NST neoadjuvant
systemic treatment,MRImagnetic resonance imaging, RCB residual cancer burden, pCR
pathologic complete response, SLNB sentinel lymph node biopsy, ALND axillary lymph node
dissection, BCS breast-conserving surgery, RT adjuvant whole breast radiotherapy.
aOn diagnostic biopsy.
bMolecular subtype was based on oestrogen receptor (ER) status and human epidermal growth
factor receptor 2 (HER2; Erb2-neu) gene amplification and a Ki67 cut-off at 20% at diagnosis.
cRegional nodal irradiation was recommended for every case with lymph node invasion identified at
diagnosis (cN+) and/or at the final pathological analysis (ypN+).
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The 1mm margin cut-off has also been studied, but, contrary to our
findings, the results of published studies with this margin limit were not
significant8,23,24,29. Wimmer et al. analysed data for 406 patients treated
between 1994 and 2014 and did not observe a significant difference in LRFS,
DFS, or OS between patient groups with margins ≤1mm or >1mm23.
Unlike this study, Wimmer et al. did not include in their analysis the cases
with true positive margins after BCS (not included in the study) and the
cases with a pCR that were analysed separately23. We know that pCR is a
factor associated with a better overall prognosis for BC patients treated with
NST9,12,27. This could explain, at least in part, the absence of a significant
difference between the two groups in their study23. Furthermore, the per-
centage of LRR is almost the same in our study (10.6%) as that of Wimmer
et al. (11.8%), which couldmean that only the different grouping ofmargins
and their analysis of patients explains why no difference in survival was
highlighted in their cohort23.

Similarly, Atzori et al., in their study of 151 patients, did not observe a
significant difference in LRR among different margin groups (pCR, >1mm,
and<1mm),but reported that thepCRgrouphadbetterOSandDFS8.Again,
the margin distance of 1mm represents a stratification factor rather than a
cut-off, bearing inmind that cases with pCR that have negativemarginswere
analysed separately8. A study from Lin et al. reported a trend toward better
LRFS for patients with >1mmresectionmargins, even if they did not include
in their analysis the cases with positive “ink-on-tumour”margins24.

The probability of having positive margins is influenced by several
factors. In the context of BCS following NST, it was observed that tumour
size, higher tumour grade, multifocality, positive lymph node status, low
SBR grade, lymphovascular invasion, and associated DCIS put patients at
higher risk of positive margins4,28–32. Tumours with high proliferative
potential respond better to chemotherapy and are more likely to achieve a
pCR, while larger tumours are at risk of incomplete response and becoming
multifocal, increasing the chances of positive margins4,10,12,28,31. The results
from this study confirm that having a residual tumour after NST increases
the probability of having margins ≤1 mm (89.4% vs. 62.2%, p = 0.0002).

Most of the studies that have analysed the correlation between margin
distance and survival outcomes after BCS following NST have focused on
the 2mm cut-off (Table 4)4,16,25,27,28,33. Only one of these studies carried out
on a cohort of 257 patients treated in the 80s and 90s, reported thatmargins
≤2mm were associated with increased LRR (HR 2.48, p = 0.04). Further-
more, LRR was a strong predictor for distant metastases33. The effect of
resection margins on LRR after BCS following NST was also addressed by
Cheun et al. in the largest retrospective series published, including 2803
patients25. This study defineda clearmargin as >2mmand a closemargin as
≤2mm. It compared groups consisting of pCR (RpCR) for the first group,
clear and close margins together (R0) for the second group, and positive,
“ink-on-tumour” margins (R1) for the third group. The RpCR group had
better LRFS than the other two.

To the best of our knowledge, thiswas the only series to have reported a
direct comparison between R1 (‘ink-on-tumour’) and R0 margins, with no
statistically significant difference observed neither for LRFS (0.692) nor for
DFS (0.338)25. Moreover, for the first time, they reported the effect of resi-
dual DCIS on resectionmargins in the RpCR group and found no benefit to
LRFS even if there was residual DCIS on final margins (p = 0.366)25. In
contrast, they found that clinical T and N stage, HR status, and histologic
grade were significantly associated with LR. Cheun et al. suggested that the
relative risk of LRR after NST according to resection margin distance is not
necessarily the same as in cases treatedwith primary BCS, and the definition
of “no-tumour-on-ink” should probably be adapted25. Our data agree with
this because, as we observed in this study, the differences in survival
(p = 0.717) and recurrence, LRR (p = 0.584) or DFS (p = 0.582), were not
significantly different. Furthermore, none of the previous studies actually
demonstrated directly that “no-tumour-on-ink”margins have an influence
on patient survival4,8,16,23–25,27–29. Thesefindings suggest that the “no-tumour-
on-ink”margin standard may not represent the most appropriate surgical
threshold for this particular subgroup of BC patients treated by BCS
following NST.

Table 2 | Clinicopathologic characteristics according to a
resection margin cut-off of 1mm

Variable Final margins ≤ 1
mm N (%)

Final margins > 1
mm N (%)

P value

Patients 47 (20%) 188 (80%) NA

Premenopausal 23 (48.9%) 79 (42.5%) 0.5108

Postmenopausal 24 (51.1%) 107 (57.5%)

Pathological size (mm),
median (IQR)

18.5 (13.0, 26.5) 15.0 (8.0, 21.5) 0.0432

Pathological sizea

≤20mm 24 (51.1%) 90 (47.9%) 0.0900

>20mm 19 (40.4%) 37 (19.7%)

No residual invasive
tumoura

4 (8.5%) 61 (32.4%)

Histologic type

Ductal 40 (85.1%) 117 (62.2%) 0.0009

Lobular 1 (2.1%) 6 (3.2%)

Othera 2 (4.3%) 4 (2.1%)

No residual invasive
tumoura

4 (8.5%) 61 (32.4%)

Tumour grade

G1 & G2 33 (70.2%) 82 (43.6%) 0.2081

G3 7 (14.9%) 33 (17.5%)

No residual invasive
tumoura

7 (14.9%) 73 (38.8%)

Response to NST on MRI

Complete response 12 (25.5%) 51 (27.7%) 0.8555

No complete response 35 (74.5%) 133 (72.3%)

Missing data 0 4

Receptor-based subtypeb

HR+HER2− 20 (43.5%) 65 (34.8%) 0.0362

HR+HER2+ 19 (41.3%) 53 (28.3%)

HR−HER2− 6 (13.0%) 52 (27.8%)

HR−HER2+ 1 (2.2%) 17 (9.1%)

Missing data 1 1

RCB classification

0 5 (10.6%) 71 (37.8%) 0.0002

I-III 42 (89.4%) 117 (62.2%)

Histopathological size

ypT0 4 (8.5%) 61 (32.4%) 0.0006

ypTis 3 (6.4%) 12 (6.4%)

ypT1 22 (46.8%) 84 (44.7%)

ypT2 17 (36.2%) 30 (15.9%)

ypT3 1 (2.1%) 1 (0.5%)

Nodal status

ypN0 26 (56.5%) 141 (76.6%) 0.0092

ypN+ 20 (43.5%) 43 (23.4%)

Missing data 1 4

Intraoperative re-excision

Yes 21 (44.7%) 73 (39.0%) 0.5084

No 26 (55.3%) 115 (61.1%)

G grade, NST neoadjuvant systemic therapy,MRImagnetic resonance imaging, RCB residual
cancer burden, ypT post-neoadjuvant treatment pathological tumour classification, ypN post-
neoadjuvant treatment pathological nodal classification.
aDCIS included.
bReceptor-based subtype was based on oestrogen receptor (ER) status and human epidermal
growth factor receptor 2 (HER2; Erb2-neu) gene amplification at diagnosis.
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The data in this study support the idea that the characteristics and
biology of the tumour and degree of response to NST, such as pCR, rather
than margin resection distance after BCS following NST affects local or
distant recurrence and survival in this group of BC patients12,23–25,27,28,31.
However, considering the increasing number of patients treated with NST
and BCS, determining the optimal resection margin for this population
must be a priority that cannot be neglected2,3,7,13,25.

Larger and prospective studies are needed to confirm these results,
specifically, our data that show that a resection margin >1mm is safer for
this group of BC patients. Standardization of the definition of resection
margins in future studies that address this question of optimal resection
margin cut-off (>1mm) is needed. It is necessary to include in future studies
both cases with positive margins, and those with pCR.

The present study is unique in its analysis model of the association of
surgicalmargins distance after BCS followingNSTon survival outcomes, by
focusing on three different cut-off margins of “no-tumour-on-ink”, >1 and
>2mm. This consecutive series of patients were treated with contemporary
NST, a systematic pretreatment carbon marking of the tumour, and a
standardized intraoperative macroscopic pathological margin evaluation
was performed in all cases. Nevertheless, the present study has several
limitations related primarily to its retrospective, observational, single-
institution design and the relatively limited number of patients included.
There was a relatively small proportion of patients with amargin between 1
and 2mm (7.2%) and it is possible that the sample size is insufficient to
detect a difference in LRR associated with margin width >1 vs. >2mm. Our
median follow-up is also relatively short, 63.5 months, especially for the

Fig. 2 | Survival curves according to different surgical resection margin dis-
tances. The Kaplan–Meier curves show the survival outcomes according to resec-
tionmargin status. For patients withmargins >1 mm, the loco-regional free survival
(LRFS) (A), overall survival (OS) (D) and disease-free survival (DFS) (G) was better

for those patients with margin widths ≤1 mm. No significant differences were
observed for negative and positive (“ink-on-tumour”) margins or for LRFS (C), OS
(F), or DFS (I). Better OS (E) was observed for patients with margins >2 mm
compared to those ≤2 mm, but not for LRFS (B) or for DFS (H).
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Table 3 | Summary of representative multivariate analysis and their relationship with different survival outcomes

Variable LRFS Hazard ratio (95% CI) P value OS Hazard ratio (95% CI) P value DFS Hazard ratio (95% CI) P value

Final margins status

≤0mm Reference 0.8852 Reference 0.6920 Reference 0.9790

>0mm 0.93 (0.35–2.50) 1.29 (0.37–4.54) 0.99 (0.94–3.52)

≤1mm Reference 0.0358 Reference 0.0361 Reference 0.1183

>1mm 0.47 (0.23–0.95) 0.40 (0.17–0.94) 0.60 (0.31–1.14)

≤2mm Reference 0.4222 Reference 0.3517 Reference 0.6598

>2mm 0.76 (0.39–1.49) 0.67 (0.29–1.55) 0.87 (0.48–1.60)

Nodal status

ypN0 Reference 0.1277 Reference 0.0545 Reference 0.0504

ypN+ 1.76 (0.85–3.66) 2.40 (0.98–5.84) 1.91 (1.00–3.66)

RCB classification

0 Reference 0.0200 Reference 0.0248 Reference 0.0606

I–III 3.03 (1.19–7.70) 10.53 (1.35–82.25) 2.06 (0.97–4.40)

Intrinsic subtype 0.0245 0.1380 0.0474

Luminal A Reference 0.2949 Reference 0.4515 Reference 0.1492

Luminal B 1.70 (0.63–4.62) 0.0116 1.55 (0.50–4.80) 0.0665 1.95 (0.79–4.80) 0.0114

HER2-enriched 6.7 (1.53–29.33) 0.0174 5.44 (0.89–33.24) 0.0590 5.47 (1.47–20.42) 0.0214

LRFS locoregional-free survival, OS overall survival, DFS disease-free survival, ypN post-neoadjuvant treatment pathological nodal classification, RCB residual cancer burden.

Table 4 | Overview of representative retrospectives studies on interactions between margin width, recurrence, and survival in
patients undergoing breast-conserving surgery after neoadjuvant chemotherapy

Authors/Year Pts Margin width
definition

Follow-up
median

LRR (in %) LRFS (in %) OS (in %) DFS (in %)

Rouzier/2001 257a Positive/≤2mm/>2 mm 93 months 16 15.9/28.6/12.7
p = 0.04a

NA NA

Chen/2004 340 ≤2mm vs. >2mm 63 months 9 92 vs. 89, p = 0.20 NA NA

Jwa/2016 335 ≤2mm vs. >2mm 86.4 months 11 HR 2
p = 0.21

NA NA

Choi/2018 382 ≤2mm/>2 mm/Rx;
≤1mm vs. >1mm

57 months 3.9 96.3/94.2/100,
p = 0.37
NA

91.5/87.8/96,
p = 0.83
HR 1.11, p = 0.96

82.1/82/96,
p = 0.93
HR 1.13, p = 0.89

Wimmer/2019 406b ≤1mm/>1 mm/Rx 84.3 months 11.8 94/91/95; p = 0.940 85/88 /96, p = 0.236 72/74/87, p = 0.245

Lin/2020 161b ≤1mm vs. >1mm;
≤2mm vs. >2mm

47 months 9.9 84.9 vs. 69.5,
p = 0.150;
85.2 vs. 76.2, p = 0.335

NA NA, p = 0.162;
NA, p = 0.414

Mrdutt/2021 582b ≤2mm vs. >2mm 39 months 2.4 3 vs. 2
p =NS

7 vs. 2, p =NSc NA, p =NS

Atzori/2022 151 ≤1mm/>1 mm/Rx 46 months 6.6 NA
p = 0.177

86.2/82.8/
100, p = 0.01

79.3/64.1/
96.6, p = 0.002

Cheun/2022 2803 ≤2mm/>2 mm/Rx;
Rx vs. >0mm;
Rx vs. R1;
R1 vs. >0mm

71.2 months 9.3 91.5/94.0/97.4
p =NA
HR 2.15, p = 0.001
HR 2.55, p = 0.049
HR 1.20, p = 0.692

NA NA
HR 2.94, p = 0.001
HR 3.42, p = 0.001
HR 1.17, p = 0.338

Di Lena/2024 544a <1mm/1mm/≥2mm 55 months 4.8a 88.9/92.2/92.9
p = 0.78a

81.2/92.6/NA
p = 0.13

86.6/77.9/80.0
p = 0.68

Current study 235 R1 vs. >0mm;
≤1mm vs. >1mm;
≤2mm vs. >2mm

63.5 months 10.6 71.0 vs. 81.6,
p = 0.584;
69.3 vs. 84.0,
p = 0.005;
75.0 vs. 80.3, p = 0.108

87.8 vs. 88.7,
p = 0.717;
78.6 vs. 91.5,
p = 0.001;
84.2 vs. 90.6, p = 0.044

65.3 vs. 76.7, p = 0.582;
62.1 vs. 79.1, p = 0.028;
67.8 vs. 78.7, p = 0.241

Ptsnumberof patients,LRR loco-regional recurrence,LRFS loco-regional recurrence-free survival,DFSdisease-free survival,OSoverall survival,NAnot available,HRhazard ratio,Rxcaseswith apCR,NS
not significant, R1 ink-on-tumour margin.
aIpsilateral breast tumour recurrence rate.
bCases with positive no-ink-on-tumour margins after initial BCS not included in the study.
cMortality rate.
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subgroup of patients with luminal disease that comprises over half of the
study population and, with longer follow-up, more recurrences are likely in
patients withHR tumours34.While this could increase the overall rate of LR,
it is likely that those recurrenceswouldoccur at the same rate in bothmargin
groups.

In conclusion, our findings suggest that the safest margin distance in
patients who undergo BCS after NST is >1mm. The 5-year LRFS for
patients with resection margins >1mm (91.5%) was better (p = 0.001) than
for those with margins ≤1mm (78.4%). Furthermore, a resection margin
distance >1mm was also significantly associated with OS and DFS of BC
patients who received NST followed by BCS. However, achieving a pCR
remains another important prognostic factor for this group of patients,
whichmust be considered in future studies. Althoughuncertainty regarding
the optimal oncologic margins in this population persists, our findings
provide further support for the need to determine safe margins criteria in
this population, that could improve survival outcomes for patients treated
with BCS following NST.

Methods
Study population and design
This was a retrospective, cohort, exploratory study of patients with invasive
BC treated with BCS after NST treatment at the Institut Jules Bordet (IJB),
Belgium, over a 5-year period (January 2014–December 2019). The study
was conducted in compliance with the Declaration of Helsinki and the
General Data Protection Regulation concerning data privacy. The ethics
committee of Institut Jules Bordet granted study approval under Reference
No. CE3595, dated 26.01.2023. The requirement to obtain patient consent
was waived for anonymized, retrospective analysis by the ethics committee.

Inclusion and exclusion criteria
Patients over 18 years of agewith invasive BC clinically classified as cT1–T4,
cN0–N3, treatedwith BCS andwhole breast radiotherapy (WBR) afterNST
((chemotherapy (CT) and/or endocrine therapy (ET)) were included.
Patients with invasive BC treated with mastectomy or primary BCS, as well
as patients with metastatic or in situ BC were excluded.

Clinical data and procedures
Clinical, pathological, and treatment management data were collected from
our prospectively maintained database. Characteristics of the surgical spe-
cimen (i.e.,margin status and distance, details of re-excisions) and follow-up
data (i.e., date of last follow-up, date of death or recurrence, and type of
recurrence)werealso collected fromIJB’s computerizedmedical records. For
eachpatient, the informationwas collected in a database previously set upon
REDCap (Research Electronic Data Capture, Vanderbilt University, USA).

Study evaluation criteria
Data formargin widths were collected as reported on the final pathology on
the breast surgical specimen (BSS) of the first one-stage BCS followingNST.
The standard pathological protocol for evaluating pathological margins at
the IJB is as follows: after lumpectomy, the BSS, oriented by the surgeon in
the operating room, is inked and then sliced into 3–4mm-thick sections for
pathological analysis of the six margins (upper, lower, anterior, posterior,
internal, and external). The smallest distance between the tumour edge and
an inked normal tissue margin is measured microscopically. An involved
margin is defined as the presence of invasive disease at the inked resection
margin, whereas uninvolved margins are reported with the exact distance
specified in millimeters. The resectionmargin was then grouped as follows:
positive margin (“ink-on-tumour”), “tangent” margin (≤1mm), “close”
margin (>1–≤2mm), and “distant” margin (>2mm). This margin width
distancewas used for analysis (Fig. 1). The primary endpointmeasures were
locoregional-free survival (LRFS), overall survival (OS), and disease-free
survival (DFS). LRR is defined as local and/or regional (axillary) recurrence.
The event-free interval for LRFS and DFS was defined as the time between
the date of surgery and the date of any first local and/or regional and/or
distant recurrence. Data on follow-up were collected until April 30, 2023.

Statistical analysis
Descriptive statistics are used to summarize the clinical characteristics of the
cohort, patient, and tumour. Nominal and/or categorical variables are
reported as frequencies and proportions. Continuous variables are reported
as means, medians, and interquartile ranges.

The chi-square test was used to compare categorical variables between
the two groups with different margins. For continuous variables, the Wil-
coxon test was used to compare two distinct groups and the Kruskal–Wallis
test was used for continuous variables to compare more than two groups.

The Kaplan–Meier method was used to estimate survival (LRFS, OS,
and DFS), with the log-rank test comparing different groups. A Cox model
was used to determine the most appropriate resection margin distance
threshold. The Cox model was also employed for univariate and multi-
variate analyses of various prognostic factors. Statistical analysis was per-
formed using SAS software, version 9.4.

Data availability
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
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