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ABSTRACT 
Background. Ductal carcinoma in situ (DCIS) is associated 
with risk of positive resection margins following breast-
conserving surgery (BCS) and subsequent reoperation. Prior 
reports grossly underestimate the risk of margin positivity 
with IBC containing a DCIS component (IBC + DCIS) due 
to patient-level rather than margin-level analysis.
Objective. The aim of this study was to delineate the 
relative risk of IBC + DCIS compared with pure IBC 
(without a DCIS component) on margin positivity through 
detailed margin-level interrogation.
Methods. A single institution, retrospective, observational 
cohort study was conducted in which pathology databases 

were evaluated to identify patients who underwent BCS 
over 5  years (2014–2019). Margin-level interrogation 
included granular detail into the extent, pathological subtype 
and grade of disease at each resection margin. Predictors 
of a positive margin were computed using multivariate 
regression analysis.
Results. Clinicopathological details were examined from 
5454 margins from 909 women. The relative risk of a 
positive margin with IBC + DCIS versus pure IBC was 8.76 
(95% confidence interval [CI] 6.64–11.56) applying UK 
Association of Breast Surgery guidelines, and 8.44 (95% 
CI 6.57–10.84) applying the Society of Surgical Oncology/
American Society for Radiation Oncology guidelines. 
Independent predictors of margin positivity included 
younger patient age (0.033, 95% CI 0.006–0.060), lower 
specimen weight (0.045, 95% CI 0.020–0.069), multifocality 
(0.256, 95% CI 0.137–0.376), lymphovascular invasion 
(0.138, 95% CI 0.068–0.208) and comedonecrosis (0.113, 
95% CI 0.040–0.185).
Conclusions. Compared with pure IBC, the relative risk of a 
positive margin with IBC + DCIS is approximately ninefold, 
significantly higher than prior estimates. This margin-level 
methodology is believed to represent the impact of DCIS 
more accurately on margin positivity in IBC.

Keywords Breast-conserving surgery · Positive margin 
predictors
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Breast-conserving surgery (BCS) is the most common 
surgical treatment for early invasive breast cancer (IBC) 
and ductal carcinoma in situ (DCIS) in the United Kingdom 
(UK) and United States (US).1–4 In the UK, a recent ‘Getting 
It Right First Time’ report estimated 70% of patients undergo 
BCS as their first surgery for breast cancer.4 BCS has many 
advantages over mastectomy, but is complicated by a 
risk of involved resection margins leading to reoperation 
in approximately 17–33% of patients.4–10 The national 
mean re-excision rate in the UK was 18.8% between 2015 
and 2018.4 Following the introduction of a best practice 
toolbox, re-excision rates approximately halved, from 
20–24% to 12.3% in the US.7,11–13 Reoperative intervention 
is associated with significant human and economic 
burden.14,15 Reoperation increases the risk of postoperative 
complications, inferior patient satisfaction and cosmetic 
results, and a greater burden on health services.14,16–19

It is widely documented that the presence of DCIS 
increases the likelihood of a positive margin, due to the 
impalpable nature of the disease, the unpredictable extension 
of DCIS beyond the edge of a palpable invasive tumour, and 
the lack of specific clinical correlates leading to radiological 
underestimates;20–22 however, quantifying the exact impact 
of DCIS on positive margin rates is less well documented. 
Rates of positive margins associated with pure DCIS 
reported in the literature range between 30 and 63%,5,21–29 
compared with 14–27% for invasive disease.5,21,22,25 In the 
UK, data from Hospital Episode Statistics suggest rates of 
reoperative intervention for close-positive margins following 
failed BCS were substantially higher for pure DCIS (29.5%) 
versus invasive disease with or without a DCIS component 
(18%).5 Moreover, DCIS has been observed to be an inde-
pendent predictor of positive resection margins in many pub-
lished series.30–36 However, we suspect that the magnitude 
of positive margins associated with DCIS may have been 
underreported, since prior studies employed patient-level 
core biopsy data (DCIS present in the diagnostic biopsy 
vs. no DCIS present in the diagnostic biopsy)30–32,34,36–40 or 
preclassified patient-level data held in National databases 
(DCIS component in the primary tumour vs. no DCIS com-
ponent in the primary tumour)5,7,21,33,35 rather than a detailed 
margin-level analysis (DCIS present at the margin vs. no 
DCIS present at the margin) to characterise and validate the 
histopathological relationships.

In this study, we aimed to overcome the limitations of 
prior work through detailed margin-level analysis, using 
histopathology specimen reports to extract the extent, path-
ological entity and grade of disease responsible for each 
positive margin. Moreover, we sought to determine the 
association between clinicopathological variables, including 
the presence of DCIS and positive margins. To our knowl-
edge, there have been no prior studies utilising margin-level 
data to calculate these associations. Arguably, this level of 

methodological detail will improve the clinical utility of 
any associations between clinicopathological variable and 
margin positivity associated with a DCIS component. This 
may inform perioperative patient counselling and surgical 
strategy for BCS and ultimately reduce the burden of reop-
erative breast surgery.

METHODS

Overview

A single institution, retrospective, observational cohort 
study was conducted in which a pathology database was 
interrogated to identify patients who underwent BCS at our 
institution between 1 December 2014 and 31 November 
2019. This evaluation included all women aged over 16 years 
undergoing BCS for IBC and/or DCIS, and excluded those 
who received neoadjuvant chemotherapy (NAC). NAC can 
downstage tumours and reduce tumour size, which can alter 
margin status and skew the results from this study.41 The 
study was registered as a service evaluation with the Data 
and Intelligence Department at Imperial College Healthcare 
NHS Trust (ID = SPS_032).

Positive Margin Definition

Margin status was the main outcome measure; cases were 
coded based on margin status (negative = 0, positive = 1). 
Margin status was defined as per UK Association of Breast 
Surgery (ABS) guidelines,42 i.e. invasive or in situ disease 
<1 mm from the inked resection margin. This guideline, 
employed at our institution, is the most commonly used 
guideline for acceptable margin width in the UK.43 In 
addition, Society of Surgical Oncology/American Society 
for Radiation Oncology (SSO-ASTRO)  guidelines44 were 
applied to the dataset, in which a positive margin is defined 
as ‘tumour on inked margin’ for IBC and/or presence of 
DCIS < 2 mm from the inked resection margin.45 This paral-
lel approach allowed comparisons in potential reoperation 
rates between the UK and US in the same BCS cohort. For 
the purposes of this project, a positive margin (PM) refers 
to a positive radial margin i.e. superior, inferior, medial or 
lateral.

Data Collection and Analysis

Hospital databases combine inpatient and outpatient 
clinical documentation, multidisciplinary team meeting 
outcomes, and results and reports of investigations into an 
electronic patient record  (Cerner®). Similarly, a dedicated 
database was used by histopathologists for entering and 
storing pathology reports  (CoPath®). The electronic patient 
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record and pathology database were used to collect data on 
several clinicopathological variables for each patient.

More than 100 data points were recorded for each patient, 
including sociodemographic variables: patient age and refer-
ral route, i.e. symptomatic or screening recall. Preoperative 
data were recorded, including core biopsy date; core biopsy 
histopathology findings (e.g. IBC, DCIS, mixed IBC and 
DCIS); imaging features, including presence or absence 
of microcalcifications; breast density (not dense = Breast 
Imaging Reporting and Data System [BI-RADS] A, B/
dense = BI-RADS C, D);46 and whether an MRI was carried 
out (yes/no). Primary surgery details included date of sur-
gery; whether localisation was performed (yes/no); specimen 
weight (g); tumour type (e.g. invasive, ductal, lobular, etc.) 
and grade (I–III); tumour size (mm); multifocality (yes/no); 
hormone receptor status (estrogen receptor [ER], progester-
one receptor [PR], human epidermal growth factor receptor 
2 [HER2] positive/negative); the presence of DCIS and its 
grade (low grade [LG]/intermediate grade [IG]/high grade 
[HG]); lymphovascular invasion (LVI; present or not); and/
or comedonecrosis (present or not).

Intraoperative data collected included whether additional 
shaves were taken (number of additional shaves) and the 
margin shave histology (tumour type [e.g. invasive ductal, 
lobular, etc.] and grade [I–III], tumour size [mm], multifo-
cality [yes/no], hormone receptor status [ER, PR, HER2 pos-
itive/negative], and the presence of DCIS and its grade [LG/
IG/HG]). Margin-level data included margin positivity (yes/
no); location of positive margin(s) [anterior, posterior, supe-
rior, inferior, medial, lateral]; pathological entity responsible 
for each positive margin, including tumour distance from 
margin (mm); tumour type (e.g. invasive, ductal, lobular, 
etc.) and grade (I–III); tumour size (mm); multifocality (yes/
no); the presence of DCIS and its grade (LG/IG/HG); and 
comedonecrosis (present or not).

Reoperation data incorporated the date of reoperation, 
type of reoperation (re-excision of margins/mastectomy), 
reoperation histology (tumour type [e.g. invasive ductal, lob-
ular, etc.] and grade [I–III]), tumour size (mm), multifocality 
(yes/no), the presence of DCIS and its grade (LG/IG/HG), 
reoperation margin positivity (yes/no), location of positive 
margin(s) [anterior, posterior, superior, inferior, medial, lat-
eral], details of the pathological entity responsible for each 
positive reoperation margin, including tumour distance from 
margin (mm), tumour type (e.g. invasive, ductal, lobular, 
etc.) and grade (I–III), tumour size (mm), multifocality (yes/
no), and the presence and grade of DCIS (LG/IG/HG).

Statistical analysis was performed using SPSS version 
28 (IBM Corporation, Armonk, NY, USA). Using 
transparent reporting of a multivariable prediction model 
for individual prognosis or diagnosis (TRIPOD) guidelines 
(48), univariate and multivariate analysis was performed 
using logistic regression to identify clinicopathological 

predictors of positive margin and reoperation.47,48 Chi-
square tests were carried out for categorical data. A p value 
< 0.05 was presumed to be statistically significant. There 
were no missing data in the final dataset as all data had been 
individually extracted from hospital databases.

RESULTS

Positive Margin Rate

Between 1 December 2014 and 31 November 2019, 
1023 patients underwent BCS at our institution; 114 women 
underwent NAC and were thus excluded. Clinicopathological 
details from the remaining 909 patients were examined, 
equating to 5454 margins (further clinicopathological data 
results can be found in Online Resource Table 1). Applying 
the ABS guidelines, 27% (244/909) of patients had a positive 
margin and 26% (239/909) underwent reoperation. Applying 
SSO-ASTRO guidelines would have increased the positive 
margin rate to 31% (281/909), as demonstrated in Fig. 1.

Ductal Carcinoma In Situ‑Associated Margin Positivity

Margin-level data were reviewed for 5454 individual 
margins. According to ABS guidelines, 686/5454 margins 
were positive, of which 534/686 were positive margins. Cor-
respondingly applying SSO-ASTRO guidelines, 770/5454 
would have been judged positive margins and 638/770 were 
positive margins.

Pure DCIS was the most common cause of radial margin 
positivity [337/534 (63%), 498/638 (78%)] compared with 
mixed DCIS and IBC [53/534 (10%), 45/638 (7%)] or pure 
IBC [144/534 (27%), 95/638 (15%)] (ABS, SSO-ASTRO 
criteria, respectively; a full breakdown of positive margin 
data is shown in Online Resource Table 2). The relative risk 
(RR) of finding DCIS at the margin (pure DCIS or DCIS 
with IBC) versus pure IBC at the margin was 8.76 (95% con-
fidence interval [CI] 6.64–11.56) when applying ABS guide-
lines, and 8.44 (95% CI 6.57–10.84) for SSO-ASTRO guide-
lines (see Table 1). Of the positive margins with a DCIS 
component, HG DCIS was more commonly present (48%, 
48%) compared with IG DCIS (24%, 36%,) or LG DCIS 
(18%, 16%) (ABS, SSO-ASTRO criteria, respectively).

There was a statistical association between the pres-
ence of DCIS at a positive margin and younger patient age 
(p = 0.015), lower specimen weight (p = 0.006), impalpable 
tumours (wire-guided surgery; p = 0.029), multifocal dis-
ease (p < 0.001), fewer intraoperative shaves (p = 0.001), 
the presence of microcalcifications (p  <  0.001), LVI 
(p = 0.002), comedonecrosis (p < 0.001), and higher-grade 
DCIS (p < 0.001) (Table 2).



 H. Chauhan et al.

Patient‑Level Data

Of the 244 patients with a positive margin according 
to ABS guidelines, a DCIS component was identified in 
184/244 (75.4%). Specifically, 124/244 (50.8%) patients 

demonstrated pure DCIS disease, 60/244 (24.6%) 
demonstrated mixed invasive and DCIS disease, and 60/244 
(24.6%) demonstrated pure IBC. Applying the SSO-ASTRO 
guidelines increased the proportion of patients with a DCIS 
component within their primary tumour to 240/281 (85.4%), 

FIG. 1  Study flow of patients 
using margin-level data, 
detailing exclusion criteria 
and positive margin rates 
with histology breakdown 
based on total patient number 
(n = 909) or total margin 
number (n = 5454) comparing 
UK ABS guidelines with US 
SSO-ASTRO projected figures. 
ABS Association of Breast 
Surgery, ASTRO American 
Society for Radiation Oncology, 
BCS breast-conserving surgery, 
DCIS ductal carcinoma in situ, 
IBC invasive breast cancer, NAC 
neoadjuvant chemotherapy, SSO 
Society of Surgical Oncology

1023 patients underwent 

BCS 

909 patients included in 

analysis:

190 pure DCIS

537 DCIS with IBC

182 pure IBC 

114 patients excluded as 

they were treated with 

NAC

5454 margins data 

reviewed

UK ABS GUIDELINES
US SSO-ASTRO 
GUIDELINES

(projected figures)

244/909 patients had 

positive margins:

130 pure DCIS

64 DCIS with IBC

50 pure IBC 

281/909 patients 

calculated to have positive 

margins:

202 pure DCIS

38 DCIS with IBC

41 pure IBC 

534 margins positive:

337 pure DCIS

53 DCIS with IBC

144 pure IBC 

638 margins positive:

498 pure DCIS

45 DCIS with IBC

95 pure IBC 

TABLE 1  The RR of DCIS at the margin versus invasive breast cancer at the margin in patients with a positive margin

The RRs are calculated at margin level (DCIS present at the margin vs. no DCIS present at the margin), patient level (DCIS component in the 
primary tumour vs. no DCIS component in the primary tumour) and preoperatively (DCIS present in the diagnostic biopsy vs. no DCIS present 
in the diagnostic biopsy)
ABS Association of Breast Surgery, ASTRO American Society for Radiation Oncology, CI confidence interval, DCIS ductal carcinoma in situ, 
IBC invasive breast cancer, RR relative risk, SSO Society of Surgical Oncology

Histology Margin [n (%)] Primary tumour [n (%)] Biopsy [n (%)]

ABS SSO-ASTRO ABS SSO-ASTRO ABS SSO-ASTRO

IBC + DCIS 194/244, 80% 214/281, 76% 199/244, 82% 251/281, 89% 99/244, 41% 132/281, 47%
Pure IBC 50/244, 20% 67/281, 24% 45/244, 18% 30/281, 11% 145/244, 29% 149/281, 53%
RR (95% CI) 8.76 (6.64–11.56) 8.44 (6.57–10.84) 1.46 (1.10–1.95) 2.77 (1.96–3.92) 1.19 (0.99–1.43) 1.52 (1.28–1.80)
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of whom 202/281 (84.2%) had pure DCIS and 38/281 
(15.8%) had mixed invasive and DCIS disease.

Predictors of a Positive Margin

Univariate analysis based on ABS criteria demon-
strated younger age at index operation (0.035, 95% CI 
0.007–0.062; p = 0.015), lower specimen weight (0.030, 
95% CI 0.005–0.055; p = 0.019), multifocality (0.256, 95% 
CI 0.134–0.378; p < 0.001), mammographic microcalcifi-
cations (0.080, 95% CI 0.021–0.138; p = 0.007), HER2-
positive status (0.380, 95% CI 0.003–0.073; p = 0.034), 
larger composite tumour size (0.012, 95% CI 0.010–0.014; 
p < 0.001), DCIS present beyond IBC boundaries (0.139, 
95% CI 0.082–0.195; p < 0.001), the presence of DCIS 
(0.151, 95% CI 0.080–0.223; p < 0.001), DCIS with come-
donecrosis (0.182, 95% CI 0.114–0.025; p < 0.001) and LVI 
(0.137, 95% CI 0.067–0.206; p < 0.001) were significantly 
associated with a positive margin.

Upon computing the univariate associations between 
clinicopathological variables and positive margin using 
SSO-ASTRO criteria, similar associations were observed. 
Specifically, younger age at index operation (0.054, 95% CI 
0.025–0.083; p < 0.001), the presence of mammographic 
microcalcifications (0.122, 95% CI 0.061–0.182; p < 0.001), 
multifocal disease (0.193, 95% CI 0.065–0.321; p = 0.003), 
tumour grade (0.040, 95% CI 0.008–0.072; p = 0.013), 
ER-positive status (0.123, 95% CI 0.061–0.186; p < 0.001), 
PR-positive status (0.090, 95% CI 0.041–0.140; p < 0.001), 
HER2-positive status (0.940, 95% CI 0.058–0.131; 
p < 0.001), larger tumour size (0.011, 95% CI 0.009–0.014; 
p < 0.001), DCIS present beyond IBC boundaries (0.240, 
95% CI 0.183–0.298; p  <  0.001), the presence of LVI 
(0.110, 95% CI 0.038–0.182; p = 0.003), the presence of 
DCIS (0.243, 95% CI 0.170–0.317; p < 0.001), DCIS with 
comedonecrosis (0.260, 95% CI 0.190–0.330; p < 0.001) 
and fewer immediate shave margins (0.092, 95% CI 

0.031–0.152; p = 0.003) were associated with a positive 
margin (Table 3).

Multivariate regression analysis was conducted to iden-
tify independent predictors of positive margin (Table 4). 
Applying ABS criteria to the dataset, younger age at index 
operation (0.033, 95% CI 0.006–0.060; p = 0.017), lower 
specimen weight (0.045, 95% CI 0.020–0.069; p < 0.001), 
multifocal disease (0.256, 95% CI 0.137–0.376; p < 0.001), 
LVI (0.138, 95% CI 0.068–0.208; p < 0.001), DCIS with 
comedonecrosis (0.113, 95% CI 0.040–0.185; p = 0.002) 
and DCIS present beyond IBC boundaries (0.115, 95% CI 
0.042–0.188; p = 0.002) were observed to be independent 
clinic-pathological predictors of a positive margin. When 
applying SSO-ASTRO criteria, larger composite tumour size 
(0.009, 95% CI 0.005–0.013; p < 0.001) and DCIS with 
comedonecrosis (0.159, 95% CI 0.056–0.262; p = 0.002) 
were statistically significant independent predictors of a 
positive margin (Table 4).

Reoperation Rates and Residual Disease

In this study, 239/909 (26.3%) patients underwent reop-
eration: 173/909 underwent re-excision surgery and the 
remaining 66/909 underwent a completion mastectomy. 
Residual disease was present in 90/239 (37.7%) patients 
who had further surgery. Regarding the 90 patients in whom 
residual disease was present, pure residual DCIS was identi-
fied in 60/90 (66.7%), pure residual IBC in 10/90 (11.1%) 
and combined DCIS and IBC in the remaining 20/90 (22.2%) 
(see Table 5).

Univariate analysis demonstrated non-wire-guided sur-
gery (i.e. palpable tumours) (0.863, 95% CI 0.008–0.057; 
p = 0.04) and tumours with no evidence of DCIS (0.397, 
95% CI 0.082–0.852; p = 0.018) were significantly associ-
ated with no residual disease at reoperation.

Multivariate regression analysis calculated that tumours 
with no evidence of DCIS (0.438, 95% CI 0.004–0.069; 

TABLE 2  Chi-square cross-
tabulation results assessing the 
relationship between various 
categorical clinicopathological 
variables and the presence of 
DCIS at a positive margin

ABS Association of Breast Surgery, ASTRO American Society for Radiation Oncology, DCIS ductal carci-
noma in situ, SSO Society of Surgical Oncology

Variable UK: ABS guidelines US: SSO-ASTRO guidelines

Chi-square value p value Chi-square value p value

Younger age 5.206 0.285 12.296 0.015
Lower specimen weight 14.545 0.006 3.987 4.08
Wire-guided surgery 1.319 0.251 4.796 0.029
Microcalcifications 30.316 < 0.001 17.834 < 0.001
Multifocal disease 12.966 < 0.001 12.966 < 0.001
Lymphovascular invasion 7.347 0.007 9.448 0.002
Comedonecrosis 95.747 < 0.001 64.826 < 0.001
Higher DCIS grade 128.036 < 0.001 111.038 < 0.001
Fewer intraoperative shaves 6.464 0.011 10.94 0.001
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p  =  0.015) were statistically significant independent 
predictors of no residual disease in patients who underwent 
reoperation.

DISCUSSION

In this study, the RR of a positive margin with 
IBC + DCIS versus pure IBC was 8.76 (95% CI 
6.64–11.56) and 8.44 (95% CI 6.57–10.84) (ABS and 
SSO-ASTRO criteria, respectively). These values were 
computed using verified and validated margin-level 
analysis and are significantly greater than previous anal
yses.30–32,34,36–40 Interestingly, a lack of DCIS is also an 
independent predictor of no residual disease at reoperation. 
Calculating the RR using patient-level data (primary 

tumour data compared with margin-specific data) align 
with figures found in the current literature.5,21,49 The RR 
of a positive margin in patients with DCIS in the primary 
tumour compared with pure invasive disease (ABS and 
SSO-ASTRO criteria, respectively) was RR 1.46 (95% CI 
1.10–1.95) and RR 2.77 (95% CI 1.96–3.92).

To our knowledge, this is the largest and most 
comprehensive study to analyse margin-level data from over 
5000 resection margins in 909 patients undergoing BCS, by 
a single reviewer. Margin-level details extracted included the 
histopathological findings at the margin and distance from 
the new resection margin alongside the histopathological 
diagnosis of the primary tumour in order to quantify risk 
of reoperation and calculate predictors. A margin-level 
approach, such as that used in the current study, is believed 

TABLE 3  Univariate analysis of association with positive margins comparing UK ABS guidelines with US SSO-ASTRO guidelines

Data fields with the ‘–’ symbol were not statistically significant
ABS Association of Breast Surgery, ASTRO American Society for Radiation Oncology, CI confidence interval, DCIS ductal carcinoma in situ, 
ER estrogen receptor, HER2 human epidermal growth factor receptor 2, PR progesterone receptor, SSO Society of Surgical Oncology

Variable UK ABS US SSO-ASTRO

β coefficient (95% CI) p value β coefficient (95% CI) p value

Younger age at index operation, years 0.035 (0.007–0.062) 0.015 0.054 (0.025–0.083) < 0.001
Lower specimen weight, g 0.03 (0.005–0.055) 0.019 – –
Mammographic microcalcifications present 0.08 (0.021–0.138) 0.007 0.122 (0.061–0.182) < 0.001
Multifocal disease 0.256 (0.134–0.378) < 0.001 0.193 (0.065–0.321) 0.003
Tumour grade – – 0.04 (0.008–0.072) 0.013
ER-positive status – – 0.123 (0.061–0.186) < 0.001
PR-positive status – – 0.09 (0.041–0.14) < 0.001
HER2-positive status 0.38 (0.003–0.073) 0.034 0.94 (0.058–0.131) < 0.001
Larger composite size of tumour 0.012 (0.01–0.014) < 0.001 0.011 (0.009–0.014) < 0.001
DCIS present beyond invasive disease? 0.139 (0.082–0.195) < 0.001 0.24 (0.183–0.298) < 0.001
Lymphovascular invasion present 0.137 (0.067–0.206) < 0.001 0.11 (0.038–0.182) 0.003
DCIS with comedonecrosis 0.182 (0.114–0.25) < 0.001 0.26 (0.19–0.33) < 0.001
DCIS present 0.151 (0.08–0.223) < 0.001 0.243 (0.170–0.317) < 0.001
Fewer shaves – – 0.092 (0.031–0.152) 0.003

TABLE 4  Multivariate 
analysis of association with 
positive margins comparing UK 
ABS guidelines with US SSO-
ASTRO guidelines

Data fields with the ‘–’ symbol were not statistically significant
ABS Association of Breast Surgery, ASTRO American Society for Radiation Oncology, CI confidence 
interval, DCIS ductal carcinoma in situ, SSO Society of Surgical Oncology

Variable UK ABS US SSO-ASTRO

β coefficient (95% CI) p value β coefficient (95% CI) p value

Younger age at index operation, years 0.033 (0.006–0.06) 0.017 – –
Lower specimen weight, g 0.045 (0.02–0.069) < 0.001 – –
Multifocal disease 0.256 (0.137–0.376) < 0.001 – –
Larger composite size of tumour – – 0.009 (0.005–0.013) < 0.001
DCIS present beyond invasive disease? 0.115 (0.042–0.188) 0.002 – –
Lymphovascular invasion present 0.138 (0.068–0.208) < 0.001 – –
DCIS with comedonecrosis 0.113 (0.04–0.185) 0.002 0.159 (0.056–0.262) 0.002
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to be a more accurate representation of the risk related to 
DCIS.

One study reviewed data from 4118 patients with impal-
pable cancer and calculated the risk of reoperation was 
three times higher in patients with DCIS compared with 
IBC (odds ratio [OR] 3.82, 95% CI 3.19–4.58; p < 0.001); 
however, this was based on standardised data taken from 
the National Registry, and the diagnosis of DCIS versus 
IBC was obtained from the pathological diagnosis of the 
primary tumour rather than the findings at the margin.21 It 
is well known that DCIS may co-exist with IBC, evident 
in the diagnostic core and/or the final postoperative histo-
pathology.39 In patients with core biopsy-proven IBC, the 
cause of a positive margin may be DCIS rather than invasive 
carcinoma, hence the potential to underestimate the burden 
of DCIS margin positivity. For example, in a large UK-based 
study of 55,297 patients undergoing BCS, those with in situ 
carcinoma in their primary diagnosis had increased risk of 
reoperation (OR 1.9, 90% CI 1.8–2).5 The Sloane Project, a 
prospective audit of UK screen-detected DCIS, calculated 
a 30% reoperation rate.28 This audit relied on UK screening 
units voluntarily submitting accurate data. Seventy percent 
of patients entered into this study had missing pathological 
or radiological data variables.28 Another factor that may add 
to the variation in reported positive margin rates is the lack 
of international consensus on the definition of a ‘positive 
margin’. Despite this, applying both UK and US guidelines 
to the data in the current study demonstrated similar results 

in significantly greater RR and OR compared with previous 
data.

Independent predictors of positive resection margins 
calculated in this study align with the current literature 
and include younger age at index operation,30,50,51 micro-
calcifications on preoperative mammography,32–34,52 lower 
specimen weight, tumour size,33,36,38,40,51,52 multifocal dis-
ease,33,35 LVI,30,37,51 DCIS with  comedonecrosis30,31,35,50,51 
and DCIS present beyond invasive disease margins.31,36,52 
These predictors can be collated based on the weight in 
the ability to accurately predict the outcome of a positive 
margin. This risk stratification tool could be used alongside 
the toolbox created by the American Society of Breast Sur-
geons.11 This can be calculated at the preoperative multidis-
ciplinary planning meeting to facilitate preoperative decision 
making and aid patient counselling and consent.

Reoperation delays adjuvant treatment, increases levels 
of wound infection and scarring, prolongs recovery and 
compounds emotional stress.53 In addition, there are direct 
implications on the health service, with additional patients 
on theatre lists, anaesthetic requirement, hospital bed days 
and further histopathological analysis.54 The findings in this 
study emphasise the urgent need for the development of a 
novel margin assessment tool that can accurately recognise 
DCIS in vivo. DCIS can co-exist with invasive cancer and 
the in situ component can extend beyond the invasive com-
ponent. DCIS may be missed by existing margin detection 
tools due to limited spatial resolution or sampling cover-
age.20 In addition, the lack of a DCIS clinical correlate has 
demonstrated reduced effectiveness in intraoperative speci-
men imaging devices.20 However, there are more promis-
ing preliminary results with identifying DCIS with Raman 
 Spectroscopy20 and Rapid Evaporative Ionisation Mass 
Spectrometry.55

This study has several limitations that should be acknowl-
edged. This study, carried out using data from hospital data-
bases, has a retrospective nature and was carried out at a sin-
gle institution, and therefore may demonstrate institutional 
bias. There was no standardisation of surgeon, radiologist 
or histopathologist, which may have led to a degree of vari-
ability in reporting.

CONCLUSION

The current study suggests the risk of a positive margin 
with IBC + DCIS is approximately ninefold the risk of an 
involved margin with pure IBC, regardless of whether UK 
or USA margin width criteria are applied. Surgeons should 
pay particularly close attention to demographic and clinico-
pathological factors that are associated with DCIS margin 
positivity, such as young age, multifocal disease, microcalci-
fications and comedonecrosis on the diagnostic core biopsy. 
It is critical that intraoperative margin assessment tools can 

TABLE 5  Summary of the data of patients who underwent 
reoperation, including their type of reoperation and residual histology

DCIS ductal carcinoma in situ

Reoperation details No. of patients (%)

Reoperation
 Patients who underwent reoperation 239/909 (26.3)
 No reoperation 670/909 (73.7)

Type of reoperation
 Re-excision of margins 173/239 (72.4)
 Completion mastectomy 66/239 (27.6)

Residual disease
 Residual disease present 90/239 (37.7)
 No residual disease present 149/239 (62.3)

Histology of residual disease
 Ductal 73/90 (81.1)
 Lobular 14/90 (15.6)
 Ductal and lobular 1/90 (1.1)
 Other 2/90 (2.2)

Residual DCIS present
 Pure residual DCIS present 60/90 (66.7)
 Mixed residual invasive disease and DCIS 20/90 (22.2)
 No residual DCIS present 10/90 (11.1)
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accurately diagnose DCIS, to optimise oncological margin 
control in vivo.
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