
Abstract. Background/Aim: Clinicopathological features of
patients undergoing margin enlargement after lumpectomy for
early breast cancer with positive/close excision margins were
analyzed in order to define whether a re-operative procedure
could have been avoided. Furthermore, a standardized
protocol of specimen orientation was adopted in order to
optimize both the widening procedure as well as the oncologic
outcome. Patients and Methods: A retrospective analysis was
performed including pre-, peri-, and post-operative
parameters, and a predictive score by means of a multivariate
model was developed using all clinically and statistically
significant variables associated with residual disease (RD).
Results: RD was significantly related to positive tumor
margins, hormone receptor negative, HER2-positive, and

tumors with high Ki67 proliferation index (p<0.001); the
corresponding contribution to the prognostic score was as
follows: close margins, 3 points; hormone receptor positive
disease, 2 points; low Ki67, 2 points; HER2 negativity, 1
point. In 102 patients with a score >3, only 2 patients (2.0%)
had RD, while in 81 patients with a score ≤3, 55 patients
(67.9%) had RD (p<0.001). Conclusion: This predictive model
might aid in clinical-decision making of patients with positive
margins who actually require a widening procedure after
intraoperative and/or definitive histology.

Breast conserving surgery (BCS) is defined as the resection
of breast tumor surrounded by a portion of normal tissue; it
represents the worldwide treatment for early-stage breast
cancer (Stage I-II or Stage III in selected cases) with long-
term survival similar to mastectomy (1). From the operative
standpoint, non-palpable lesions usually undergo pre-
operative localization by means of clip positioning,
charcoal, or radioactive seeds peri-tumoral injection;
following excision, the tumor bed is marked with four clips
placed at the corner points in order to be easily identified
for radiation therapy planning. Hence, the breast sample is
sent for intraoperative macroscopic assessment, and the
margins of excision are inked in order to define the minimal
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distance between the inked margins and tumor cells (2-4).
Clear margins of excision are mandatory in BCS in order to
avoid recurrence due to residual tumor cells (ipsilateral
breast tumor recurrence, IBTR) and, according to recent
guidelines, the standard for invasive breast cancer should be
“no ink on tumor” (5-7). Conversely, in patients with a
diagnosis of ductal carcinoma in situ (DCIS) a 2 mm
clearance from the margins of excision is recommended to
minimize IBTR; larger resections do guarantee no added
benefit (8-10).

Although adjuvant therapies (hormone-, chemo-, and
radiation therapy) may decrease local recurrence rates, IBTR
is still higher after BCS than total mastectomy, and the extent
of a “safe margin” is still a debated issue as well as the
cost/effectiveness ratio of re-operation (11-13). Actually,
although re-excision of positive margins is usually
recommended, histological assessment of re-excision samples
often reveals no residual disease (RD) in approximately 30%
to 70% of patients. On the other side, re-excision may have
a negative impact on cosmetic outcome and the patient’s
satisfaction index. Moreover, additional costs and morbidity
may be related to re-do surgery and anesthesia, increased
post-operative wound complications, and an inherent risk of
definitive mastectomy (14-19). According to the European
Society of Breast Cancer Specialists (EUSOMA), the target
rate of breast cancer patients receiving second-surgery for a
primary tumor should be less than 10% (20).

The aim of our study was to analyze the process of
surgical excision and subsequent pathologic examination of
the operative specimen in patients undergoing BCS.
Primarily, the clinico-pathological features of patients
undergoing margin enlargement were analyzed in order to
identify a subset of patients who would not have benefited
from re-operation; secondly, a standardized protocol of
specimen orientation was adopted in order to optimize both
the widening procedure and the histopathological
examination as well as the oncologic outcome. 

Patients and Methods
A retrospective analysis of an institutional database including 9,060
breast cancer patients with invasive breast cancer undergoing BCS
between January 2001 and December 2020 at the Breast Surgery
Clinic of San Martino Policlinic Hospital in Genoa (Italy) was
performed. Preoperative parameters included: mammographic pattern
(i.e., nodule/mass, architectural distortion, microcalcifications);
tumor size, and BI-RADS score according to the American College
of Radiology and Breast Sonography (21, 22). According to
European Guideline of Quality Assurance in Breast Cancer
Screening and Diagnosis (European Commission), peri- and post-
operative parameters included: type of margin involvement (positive
margin or close, that is <1 mm), number of intraoperative
enlargements; histologic and biologic prognostic factors (i.e.,
primary tumor histotype, hormone receptor status, Ki67 proliferation
rate, and c-erb-2 mutation) (23, 24).

The operative sample was always marked by means of clips at
the cardinal points in order to address any further re-excision: one
clip was positioned at hour 12; two clips at hour 3; three clips at
hour 6, and four clips at hour 9. Moreover, one clip was always left
at the cardinal points of the tumor bed before wound closure.
Hence, the operative sample underwent intraoperative macroscopic
assessment by the pathologist in order to assess whether the
resection margins were tumor-free. Each patient preoperatively
signed an informed consent regarding both treatment-related
information and the scientific purposes of the study.

Statistical analysis. Categorical and continuous variables were
compared using the chi-square test or Wilcoxon rank-sum test,
where appropriate. In order to estimate the probability of RD after
intraoperative (one-stage widening of excision margins) or
definitive histology (two-stage widening of excision margins), a
univariate logistic regression was used to identify potential
confounding factors. The explored potential confounding factors
were: excision margins, mammographic pattern, mammographic and
ecographic BI-RADS classification, tumor histology, tumor
diameter, nodal involvement, tumor grading, hormone receptor
status, Ki67 expression, HER2-status, age, year of surgery, and
surgeon. In the multivariate logistic model, all significant factors at
a conservative 20% level in univariate analysis were included. A
backward step-by-step manual selection procedure was used in the
multivariate logistic model; an odds ratio (OR) >1 indicates a higher
risk of positive tumor enlargement. 

In order to find patients who could be spared from an
intraoperative widening procedure, a predictive score was developed
using all clinically (OR value ≤0.75 or ≥1.33) and statistically (p
≤0.01) significant variables associated with positive tumor
enlargement in the multivariate model. Coefficients estimates were
normalized by dividing them by the smallest one and rounding the
resulting ratios to the nearest integer value.

In the two-stage excision procedure the risk of relapse was also
explored. The median follow-up time was calculated using the
reverse Kaplan-Meier method. Cox model was used to compute
unadjusted and adjusted hazard ratios for recurrence. Potential
confounding factors were explored using a univariate Cox model. All
potential confounding factors explored in the logistic model were
tested also in the univariate Cox model. Moreover, other potential
post-operative confounders such as adjuvant chemotherapy, adjuvant
radiotherapy, and adjuvant hormonotherapy were explored. All
significant factors at a conservative 20% level in univariate analysis
were included in the adjusted Cox model. A hazard ratio >1 indicates
a higher risk of relapse. All tests were 2-sided and a p-value less than
0.05 was considered significant. Statistical analyses were performed
by means of SAS System version 9.4.

Results
Intraoperative widening of the excision margins. An
intraoperative widening of the excision margins was
requested in 183 patients based on macroscopic pathologic
assessment, and two groups of patients were distinguished:
tumor positive margins of excision (Group 1: n=106) or close
(<1 mm) tumor margin (Group 2: n=77). Baseline
characteristic of patients included in the intraoperative
widening of the excision margins groups are reported in Table
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I. Briefly, as compared to patients with close tumor margins,
patients with positive tumor margins of excision were
younger and had more aggressive tumors (i.e., more patients
with hormone receptor negative, grade 3, high Ki67, HER2
positive tumors, and more frequent nodal involvement). At
definitive histology of the intraoperative margin excision, 57
out of 106 patients (53.8%) of Group 1 had RD, whereas
tumor-free enlargement was always detected in Group 2.

In the univariate model, excision margin status, tumor
stage, nodal status, tumor grade, hormone receptors status,
Ki67, HER2-status, and age were significantly related to the
occurrence of RD after the widening procedure (Table II). In
the multivariate model, the strongest association with the
presence of RD was found to be related to positive tumor
margins (adjusted OR 76.77, 95%CI=4.51- NE (not
estimate), p=0.003). However, other tumor biological
features such as hormone receptor status, Ki67, and HER2-
status were related to RD with higher risk for patients with
hormone receptor negative, HER2-positive, and high Ki67
tumors (Table III). All these variables were used to develop
a predictive score ranging from 0 to 9, with higher scores
indicating lower risk of RD after the widening procedure.
The contribution of each prognostic factor to the calculation
of the prognostic score was as follows: close margins, 3
points; hormone receptor positive disease, 2 points; low
Ki67, 2 points; HER2 negativity, 1 point; the optimal cut-
point was found to be 3. In 102 patients with a score >3 only
2 patients (2.0%) had RD into the operative specimen of the
enlargement procedure, whereas in 81 patients with a score
≤3, 55 patients (67.9%) had RD (p<0.001). 

Two-stage widening of the excision margins. One hundred
patients underwent margin enlargement due to detection of
tumor-positive margins at definitive histology: in 58 patients
the enlargement was performed considering previous clip
positioning (clip-guided excision) based on the assumption
that these clips, which had been put at the cardinal points of
the tumor bed, might more properly address the re-excision
procedure; the remaining 42 patients did not undergo any
clip-oriented excision and had tumor cavity shave.

At pathologic examination, the mean weight of the
operative specimen in the former group of patients was lower
(2.4 versus 5.1 grams). Moreover, in 50 out of 58 patients
(86.2%) undergoing clip-oriented excision, RD was found in
the operative specimen, whereas the remaining 8 patients
(13.8%) had a tumor-free excision. Conversely, only 11 out
of 42 patients (26.2%) who did not have a clip-oriented
excision had RD in the operative specimen, whereas the
remaining 31 patients (73.8%) were tumor-free. In the
multivariate model, the only factor associated with RD after
the widening procedure was the type of surgery, with a
higher detection rate of RD for the clip-oriented excision
(adjusted OR=16.63, 95%CI=5.91-46.74, p<0.0001).

At a median follow-up of 66.7 months (95%CI=59.3-71.6),
19 recurrences occurred: 8 recurrences were observed in 58
(13.8%) patients who underwent clip-oriented excision,
whereas 11 recurrences were observed in 42 (26.2%) patients
who did not undergo clip-oriented excision. In the multivariate
model, no significant difference in term of recurrence was
observed between the two types of surgery (adjusted
HR=0.63, 95%CI=0.23-1.72, p=0.36). No interaction was
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Table I. Clinicopathological features of 183 patients undergoing
intraoperative widening procedure.

                                                                     N˚ %

Mammographic pattern
   Nodule                                                     151                                 82.5
   Breast architectural distortions               20                                  10.9
   Microcalcifications                                  12                                    6.6
Multifocal pattern                                                                                 
   Yes                                                            11                                    6.1
   No                                                            172                                 93.9
Mammography                                                                                      
   BI RADS 3                                               8                                     4.4
   BI RADS 4                                              79                                  43.1
   BI RADS 5                                              93                                  50.8
   BI RADS 6                                               3                                     1.7
Mean tumor diameter (mm)                  16.2 mm
ER                                                                  
   Positive (>10%)                                      144                                 78.7
   Negative (<10%)                                     39                                  21.3
Pgr                                                                  
   Positive (>10%)                                      141                                 77.0
   Negative (<10%)                                     42                                  33.0
Grading                                                                                                  
   G1                                                             12                                    6.5
   G2                                                            134                                 73.2
   G3                                                             37                                  20.3
Ki67                                                                                                       
   <14%                                                        75                                  41.0
   >14%                                                       108                                 59.0
HER2                                                                                                     
   Positive                                                     38                                  20.8
   Negative                                                  145                                 79.2
Histotype                                                                                               
   Invasive ductal carcinoma                     156                                 85.2
   Invasive lobular carcinoma                     27                                  14.8
T Stage                                                                                                   
   T1a                                                            7                                     3.9
   T1b                                                           50                                  27.3
   T1c                                                           80                                  43.7
   T2                                                             40                                  21.8
   T3                                                              6                                     3.3
N Stage                                                                                                  
   N0                                                            135                                 73.8
   N1                                                             41                                  22.4
   N2-N3                                                       7                                     3.8

N˚: Number; BI-RADS: Breast Imaging Reporting and Data System by
the American College of Radiology; ER: estrogen receptor; PgR:
progesterone receptor; G: grading: HER2: c-erbB-2 receptor.



found between type of surgery and RD in the widening
procedure, with a HR for recurrence of 0.23 (95%CI=0.01-

4.63) for patients without RD and a HR of 0.73 (95%CI=0.16-
3.24) for patients with RD (p for interaction=0.10).
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Table II. Univariate logistic regression model of residual tumor according to explored covariates in patients undergoing intraoperative pathological
assessment.

Covariates                                          No. of patients Positive enlargement (%) OR (95%CI) p-Value

Margins                                                                                                       <0.001
   Close (<1 mm)                                          77 0 (0) 1 [ref]                                          
   Positive                                                    106 57 (53.8) 180.02 (10.68 - NE)                              
Tumor presentation                                                                                       0.519
   Nodule                                                     151 48 (31.8) 1 [ref]                                          
   Distortion                                                  19 4 (21.0) 0.57 (0.18-1.82)                                  
   Microcalcification                                     13 5 (38.5) 1.34 (0.42-4.31)                                  
Mammographic results                                                                                  0.924
   BIRADS 3                                                   8 3 (37.5) 1.34 (0.30-5.97)                                  
   BIRADS 4                                                 78 24 (30.8) 0.99 (0.52-1.89)                                  
   BIRADS 5                                                 97 30 (30.9) 1 [ref]                                          
Ecographic results                                                                                         0.785
   BIRADS 3                                                   7 3 (42.9) 1.64 (0.35-7.80)                                  
   BIRADS 4                                                 77 23 (29.9) 0.93 (0.49-1.78)                                  
   BIRADS 5                                                 99 31 (31.3) 1 [ref]                                          
Tumor histology                                                                                            0.772
   Ductal carcinoma                                    156 47 (30.1) 1 [ref]                                          
   Lobular carcinoma                                    27 10 (37.0) 1.41 (0.57-3.47)                                  
Tumor stage                                                                                                   0.047
   T1a-b                                                         66 14 (21.2) 1 [ref]                                          
   T1c                                                             78 26 (33.3) 1.86 (0.87-3.95)                                  
   T2-3                                                           39 17 (43.6) 2.87 (1.21-6.82)                                  
Nodal status                                                                                                   0.090
   Negative                                                  137 38 (27.7) 1 [ref]                                          
   Positive                                                      46 19 (41.3) 1.83 (0.91-3.68)                                  
Grading                                                                                                       <0.001
   G1                                                              12 0 (0) 1 [ref]                                          
   G2                                                            132 30 (22.7) 7.45 (0.38-145.38)                                
   G3                                                              39 27 (69.2) 55.06 (2.69-NE)                                  
Receptor status                                                                                           <0.001
   Positive                                                    144 23 (16.0) 1 [ref]                                          
   Negative                                                    39 34 (87.2) 35.77 (12.65-101.13)                              
Ki67 Status                                                                                                 <0.001
   Low                                                            75 2 (2.7) 1 [ref]                                          
   High                                                         108 55 (50.9) 37.87 (8.84-162.20)                               
HER2 status                                                                                                <0.001
   Negative                                                  145 33 (22.8) 1 [ref]                                          
   Positive                                                      38 24 (63.2) 5.82 (2.71-12.5)                                  
Age                                                                                                                 0.029
   1st group                                                    62 27 (42.9) 1 [ref]                                          
   2nd group                                                   57 17 (29.8) 0.57 (0.27-1.21)                                  
   3rd group                                                   63 13 (20.6) 0.35 (0.16-0.76)                                  
Year of surgery                                                                                              0.322
   1st group                                                    69 26 (37.7) 1 [ref]                                          
   2nd group                                                   49 14 (28.6) 0.66 (0.30-1.45)                                  
   3rd group                                                   65 17 (26.1) 0.59 (0.28-1.22)                                  
Surgeon                                                                                                          0.819
   1                                                                 60 19 (31.6) 1 [ref]                                          
   2                                                                 43 13 (30.2) 0.87 (0.25-1.82)                                  
   3                                                                 30 9 (30.0) 0.86 (0.32-3.08)                                  
   4                                                                 11 4 (36.3) 1.16 (0.26-4.26)                                  
   5                                                                15 5 (33.3) 1.07 (0.18-2.52)                                  
   6                                                                 24 7 (29.1) 0.83 (0.15-1.59)                                  

OR: Odds ratio; BI-RADS: Breast Imaging Reporting and Data System by the American College of Radiology; G: grading; HER2: c-erbB-2 receptor.



Discussion

BCS requires several strategies to achieve a low rate of
positive margins; first of all, adequate preoperative tumor
localisation is crucial. Available techniques include wire-
guided localisation, charcoal-marking, and radio-guided
detection. Moreover, the adoption of a standardized
topographic specimen orientation should be pursued in order
to obtain correct margin enlargement whenever required,
thus reducing both the rate of false-negative margin excision
as well as the extent of tissue removal (2). At our Institution,
non-palpable tumours are preoperatively marked by means
of peri-tumoral sterile charcoal injection.

Regarding intra-operative techniques of tumor margin
assessment, macroscopic assessment, frozen section, tactile
manipulation, intraoperative ultrasound, touch imprint
cytology, and radiographic assessment of specimens have been
reported. These techniques can be used alone or in combination
to improve the accuracy of perioperative clinical decision-
making (21, 25, 26). Although these procedures may prolong
operative time, this disadvantage can be easily counterbalanced
by a lower re-operation rate, reduction in waiting lists, health-
care costs, as well as less psychological involvement of
patients due to re-operation with the inherent feeling of a
previous incomplete resection. The pathologist requires an
accurate specimen orientation (by means of clips or suture
marking) in order to accomplish a reliable pathological
assessment as well as to establish the actual location of the
positive margin (27-30). We have adopted a standard clipping
protocol in order to ease both the pathologist’s assessment as
well as the re-excision procedure, whenever necessary.

However, although re-excision of positive margins is
recommended, histological assessment of re-excision
samples often reveals no RD in 30% to 70% of patients (14-
19). In this view, it would be certainly interesting to have a

predictive score based on clinical and pathological features
of the primary tumor in order to properly select patients with
positive/close margins with a high risk of RD at revision
surgery. Cellini et al. (31) identified two risk factors of RD
at re-excision, that is: tumor ≥2 cm, and high tumor grade.
Gurdal et al. (32) suggested that patients with node positive
or multifocal cancers had an increased rate of RD at re-
excision. Atalay and Irkkan (33) identified at multivariate
analysis HER2 positivity and tumor to specimen volume
ratio >70% as independent predictors of RD at re-excision
surgery. Mimouni et al. (12) proposed a predictive model
based on a 7-point score including different factors: a
cumulative length of all positive margins >5 mm; invasion
by ductal carcinoma in situ only; a pathological tumor >30
mm; and a pathological tumor size <30 mm with a
discrepancy of >50% between pathological and radiological
tumor size. Although three risk categories were identified in
the evaluation set of patients (low, moderate, and high risk,
with RD in 16%, 65%, and 100% of re-excision specimens,
respectively), at the following validation assessment, up to
25% in the low-risk category had RD at revision surgery, a
too high rate to omit re-excision in this subset of patients.

In our present experience, a multiparametric predictive model
was developed with a higher risk of RD in patients with positive
excision margins, hormone receptor negative, HER2-positive
and high Ki67 tumors; the cut-off limit ≤3 allowed to detect
patients with a significantly higher risk of RD in the widening
procedure (p<0.001). We could not validate this model in the
set of patients who underwent margin enlargement due to
positive margins at definitive histology because they were a
rather heterogeneous group of patients as for the type of surgery
(“clip-oriented” and “no clip-oriented”); however, this issue will
certainly require a prospective validation in another set of
patients undergoing a widening procedure in order to check its
predictivity as well as clinical relevance.

As regards to surgical details, cavity shave has been
proposed at initial surgery to reduce the rate of positive/close
margins; however, recent clinical experiences suggest that
although it may actually reduce the rate of positive margins
as compared to the no-shave group, the “shave” group
experienced longer operative time (median 76 vs. 66 min,
p<0.01) coupled with a lower re-excision rate for positive
margins (10.9% vs. 27.6%, p<0.01) but no significant
difference in overall costs both from the payer or the hospital
perspective in the subsequent 90 days (34-36). Furthermore,
any unnecessary enlargement of the procedure may hamper
the final cosmetic outcome or even require a mastectomy
whenever there is a critical ratio between excisional and
residual breast volume. For this reason, a targeted excision
is certainly welcome to reduce the extent of breast resection.

In the present experience, this was accomplished by
clipping according to a standardized protocol both the
operative sample (one clip was positioned at hour 12; two
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Table III. Multivariate logistic regression model.

                                                 OR (95%CI) p-Value

Margins                                                                                              0.003
   Close                                          1 [ref]                                            
   Positive                              76.77 (4.51-NE)                                   
Receptor status                                                                               <0.001
   Positive                                      1 [ref]                                            
   Negative                           12.91 (3.53-47.24)                                 
Ki67 Status                                                                                        0.001
   Low                                            1 [ref]                                            
   High                                 14.29 (2.85-71.53)                                 
HER2 status                                                                                      0.036
   Negative                                     1 [ref]                                            
   Positive                             3.60 (1.09-11.90)                                   

OR: Odds ratio; HER2: c-erbB-2 receptor.



clips at hour 3; three clips at hour 6, and four clips at hour
9) as well as the tumor bed. This targeted approach allowed
to reduce not only the weight of the re-excision specimen
but, mostly, it achieved a higher rate of RD (adjusted
OR=16.63, 95%CI=5.91-46.74, p<0.0001). The lower rate of
RD after simple cavity shaving might imply a higher false-
negative rate, which could be translated into an increased
recurrence rate. However, due to the rather low rate of
recurrence detected in our clinical experience (overall, 19
recurrences) there was not enough power to demonstrate
whether a clip-oriented widening procedure might be
statistically related to a reduce risk of IBTR. 

Conclusion

The correct identification of excision margins after BCS
requires a close collaboration between the radiologist, the
surgeon, and the pathologist; the standardization of marking,
excision, orientation, and sample assessment are essential in
order to reduce useless re-operation and minimize the extent
of glandular excision, thus improving cosmetic outcome and,
possibly, reduce the recurrence rate due to RD. A prospective
validation of our predictive model in a subsequent sample of
patients undergoing a widening procedure might better
define its predictivity and clinical relevance.
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