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The appropriate negative margin width for women undergoing breast-conserving surgery for both ductal carcinoma in situ (DCIS)

and invasive carcinoma is controversial. This review examines the available data on the margin status for invasive breast cancer and

DCIS, and highlights the similarities and differences in tumor biology and standard treatments that affect the local recurrence (LR)

risk and, therefore, the optimal surgical margin. Consensus guidelines support a negative margin, defined as no ink on tumor, for inva-

sive carcinoma treated with breast-conserving therapy. Because of differences in the growth pattern and utilization of systemic ther-

apy, a margin of 2 mm has been found to minimize the LR risk for women with DCIS undergoing lumpectomy and radiation therapy

(RT). Wider negative margins do not improve local control for DCIS or invasive carcinoma when they are treated with lumpectomy

and RT. Re-excision for negative margins should be individualized, and the routine practice of performing additional surgery to obtain

a wider negative margin is not supported by the literature. Cancer 2018;124:1335-41. VC 2018 American Cancer Society.
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INTRODUCTION
There has been considerable controversy regarding the optimal negative margin width for minimizing local recurrence
(LR) in patients undergoing breast-conserving therapy (BCT) for both invasive carcinoma and intraductal carcinoma.
The only defined microscopic margin width in the prospective randomized trials that established the safety of BCT in
invasive carcinoma was no ink on tumor, the margin definition in the National Surgical Adjuvant Breast and Bowel Pro-
ject (NSABP) B06 study.1 Other studies, widely perceived as requiring larger negative margins,2,3 have defined only gross
margin widths and have not contributed to our understanding of the impact of the margin width on LR because the actual
margin widths are unknown. In the 4 original randomized trials of ductal carcinoma in situ (DCIS) treated with and with-
out radiotherapy, no ink on tumor was the margin definition used in 3 studies,4-6 whereas the fourth study did not require
negative margins.7 Recently, several factors have led to a re-examination of the issue of margins in BCT. These include the
lack of consensus regarding margin width, which has resulted in high rates of re-excision,8,9 the recognition that margin
measurement is an inexact science, and changes in our understanding of the biology underlying LR.

Approximately 25% of patients with invasive carcinoma and one-third of those with DCIS undergo re-excision,9,10

with approximately half of the re-excisions performed in patients with negative margins (defined as no ink on tumor),
apparently in the belief that a larger negative margin improves patient outcomes. The negative margin width reported by
the pathologist is dependent on multiple factors, including the number of sections examined, the technique of margin
assessment (perpendicular, shaved, or cavity margins), what is defined as the margin when ink tracks through the irregular
fatty surface overlying the tumor (Fig. 1), and the use of specimen-compression devices for radiography. In a study com-
paring measurements of the anterior-posterior diameter of breast specimens in the operating room and the pathology labo-
ratory, 46% of the specimen height was lost by the time of measurement in the pathology laboratory, and this increased
with the use of specimen-compression devices.11 It has been estimated that 3000 sections would be required to completely
examine the margin surfaces of a spherical lumpectomy specimen.12 This, coupled with the fact that a negative margin
does not guarantee the absence of residual tumor in the breast,13 suggests that a negative margin is best regarded as one
indicating that the residual tumor burden in the breast is low enough that it is likely to be controlled with radiotherapy.

Changes in our understanding of breast cancer biology and the widespread use of adjuvant systemic therapy for
early-stage breast cancers have also influenced attitudes about margins. For many years, the tumor burden was thought to
be the primary determinant of LR, and the belief that large negative margins improved outcomes was a logical extension
of this view of biology. It is now clear that the rate of LR varies with the hormone receptor (HR) and human epidermal
growth factor receptor 2 (HER2) status: it is lowest among patients with HR1, HER2– tumors and highest among those
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with triple-negative tumors, regardless of whether the
treatment includes BCT or mastectomy.14 Among those
with HR1, HER2– tumors, the risk of LR also varies sig-
nificantly with the 21-gene recurrence score.15 Variation
in the risk of LR can be observed even among the smallest
cancers (microinvasive, T1a,b),16 and this indicates that
this is a fundamental tumor characteristic and not one
that is acquired over time. Systemic therapy, used in the
majority of patients with invasive breast cancer, also sig-
nificantly affects the risk of LR. Five years of adjuvant
tamoxifen reduces the risk of LR by approximately
50%,17,18 and newer endocrine therapies, such as the use
of aromatase inhibitors and more prolonged treatment
durations, provide further risk reductions.18 Conven-
tional cytotoxic chemotherapy in women younger than
50 years reduces the relative risk of LR to 0.63 in compari-
son with no treatment, and the use of trastuzumab pro-
vides a further relative risk reduction of 0.47.18 The
practical impact of this is illustrated in 2 retrospective
studies of LR outcomes for HER21 patients.19,20 In
those undergoing BCT, the 3-year rate of LR was 7%
before the use of adjuvant trastuzumab, and it decreased
to 1% (P 5 .01) in the period immediately after the adop-
tion of trastuzumab.19 A similar decrease in 5-year LR
rates after mastectomy was seen before and after trastuzu-
mab (6.6% vs 1.5%; P 5 .04).20 Between 1990 and
2011, LR decreased from 30% to 15% of all first recur-
rences in a study of 86,598 women treated in phase 3 drug
trials.21 These findings, coupled with the demonstration

that microscopic disease left behind in the axilla can be
controlled with systemic therapy,22,23 opened the door to
a re-examination of margin width in patients undergoing
BCT.

MARGIN WIDTH AND LR RISK IN INVASIVE
CANCER
A positive margin, defined as ink on tumor, is associated
with a significant increase in LR risk and warrants consid-
eration for additional surgery.24 Houssami et al25 per-
formed a study-level meta-analysis that included 33
eligible studies and more than 28,000 women with early-
stage breast cancer. A positive margin was associated with
increasing LR (odds ratio for positive margins versus nega-
tive margins, 2.44; 95% confidence interval, 1.97-3.03; P
< .001), even after they had controlled for the use of a
radiation boost or adjuvant endocrine therapy. Impor-
tantly, there was no evidence of a decreased LR risk with
negative margin widths increasing from 1 to 2 to 5 mm (P
5 .90). These data confirm that even with modern multi-
modality treatment, a negative margin reduces the risk of
LR; however, increasing the size of a negative margin is
not significantly associated with an improvement in local
control.

In 2014, the Society of Surgical Oncology (SSO)
and the American Society for Radiation Oncology
(ASTRO) convened a multidisciplinary panel to develop
a consensus guideline on the appropriate margin width to
minimize the risk of LR in patients with invasive cancer
treated with BCT and whole-breast radiation therapy
(RT). Using data from the meta-analysis of Houssami
et al25 as well as other published literature, the panel con-
cluded that a negative margin of no ink on tumor opti-
mizes local control and that the routine practice of
obtaining a more widely negative margin than no ink on
tumor is not indicated.26 This negative margin definition
was endorsed by the National Comprehensive Cancer
Network, the American Society of Clinical Oncology
(ASCO), the American Society of Breast Surgery, and the
St. Gallen International Expert Consensus Group.27

Notably, the guideline of no ink on tumor does not apply
to patients receiving neoadjuvant chemotherapy or those
treated with partial breast irradiation.

The panel also addressed the need for wider negative
margins within select high-risk subsets. Young age and
triple-negative cancers are both independent risk factors
for LR, but the available evidence indicates that it is the
tumor biology, not the extent of surgical excision, that is
associated with a worse outcome because LR rates are sim-
ilar among women in these high-risk groups treated with

Figure 1. Ink used to define the margin surface can be seen
at various distances from the tumor edge because of the
irregular nature of the specimen surface and ink tracking
through the breast fat. This makes reproducible measure-
ments of the margin width challenging. Published with per-
mission from Stuart Schnitt, MD.
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BCT or mastectomy.28 A single-institution series examin-
ing margin width and LR among women with triple-
negative breast cancer found no difference in 5-year LR
rates between margins ! 2 mm and margins > 2 mm
(4.7% and 3.7%, respectively; P 5 .11).29 Studies per-
formed before the routine inking of margins suggested
that an extensive intraductal component (EIC) was associ-
ated with an increased risk of LR30; however, more recent
reports of patients with EIC-positive tumors excised to
negative margins have found LR rates similar to the rates
of those without an EIC.31,32 An EIC is an indicator of
the potential for a heavy residual burden of DCIS, and
postexcision mammography and the extent of DCIS in
proximity to the margin are important factors when the
benefit of re-excision is being considered. Although the
consensus guideline states that margins more widely clear
than no ink on tumor are not routinely indicated, it
should not be interpreted as meaning that re-excision is
never appropriate when a minimal negative margin has
been obtained. The patient, tumor, and treatment varia-
bles influencing the risk of LR should be considered when
one is determining the need for re-excision. The key point
of the consensus statement is that routinely mandating
negative margin widths greater than no ink on tumor is
not supported by evidence.

The development of the consensus guideline appears
to have resulted in a rapid reduction in the use of addi-
tional surgery after initial lumpectomy. In a single-
institution study, the re-excision rate fell from 21% to
15% (P 5 .006) in the immediate 10-month window
after the guideline’s dissemination.33 In a population-
based cohort survey of patients identified from the Geor-
gia and Los Angeles County, California, Surveillance,
Epidemiology, and End Results registries and treated in
the period immediately before and after the guideline’s
dissemination and publication (2013-2015), the initial
lumpectomy rate (67%) was unchanged; however, the
rate of additional surgery after initial lumpectomy,
including both re-excision and conversion to mastectomy,
decreased by 16% (P < .001) over this 2-year period.
Overall, the final lumpectomy rate increased by 13%, and
this increase was accompanied by a decrease in both uni-
lateral and bilateral mastectomy (P 5 .002). The treating
surgeons were surveyed on their attitudes regarding mar-
gin width, and 63% endorsed no ink on tumor as an ade-
quate negative margin to avoid re-excision34; this
proportion was much greater than the 11% accepting this
definition a decade earlier.8 It is estimated that the adop-
tion of the margin guideline would save the health care
system more than $18 million annually, and this does not

include the time and costs saved by patients and families
for missed work.35

MARGINS IN DCIS
DCIS has a 10-year cause-specific mortality rate under
1% after BCT,36 but optimizing local control is impor-
tant because half of all LR events are invasive cancers37

with an associated increased risk of breast cancer–specific
mortality.38 Although the risk of LR after BCT for DCIS
is affected by a number of factors, including young patient
age, symptomatic presentation, extent of disease, and
presence of necrosis, the margin width and the use of adju-
vant therapy are modifiable risk factors.39-41 The 4 ran-
domized controlled trials examining the benefit of RT
after lumpectomy for women with DCIS4-7 were not
designed to evaluate the association of margin width and
LR, and provide minimal guidance on defining the opti-
mal margin width for patients with DCIS; and surveys of
surgeons and radiation oncologists report significant het-
erogeneity regarding what constitutes an acceptable margin
width for DCIS treated with BCT, which ranges from no
ink on tumor to > 1 cm.8,42-44 Although these findings
mirror the experience with invasive carcinoma, there are
important differences between DCIS and invasive breast
cancer, including the growth pattern of the lesion and the
utilization of adjuvant therapy, that must be considered
when one is determining the optimal surgical margin.

DCIS GROWTH PATTERN
Multicentric DCIS is uncommon, but DCIS within one
quadrant may be extensive, with 46% of the lesions mea-
suring > 3 cm in one study.13 Faverly et al45 examined
the growth pattern of DCIS and found that although
90% of poorly differentiated lesions grew continuously,
70% of well-differentiated lesions had a multifocal, skip
pattern, with 82% of skip lesions measuring between 0
and 5 mm, and only 8% having skip lesions > 10 mm.
These studies suggest that that a small negative margin
may lie within a skip lesion and may be associated with a
substantial residual tumor burden.

In addition to anatomic differences that may affect
margin assessment, there are significant differences in the
utilization of adjuvant therapy between invasive and in situ
carcinomas that affect LR. Approximately 55% to 70% of
women with DCIS treated with lumpectomy receive adju-
vant RT, and only 20% to 50% receive adjuvant endocrine
therapy: these numbers are significantly lower than those
seen for invasive carcinoma.36,39,46 For women treated with
lumpectomy and RT, the optimal margin is that which
leaves a subclinical volume of residual microscopic disease
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within the breast that can likely be controlled by RT. For
women treated with excision alone, the goal of surgery is to
remove all microscopic disease to minimize the LR risk;
therefore, a wider margin may be appropriate.

MARGIN WIDTH AND LR RISK IN DCIS
TREATED WITH EXCISION ALONE
The proportion of women with DCIS treated by excision
alone ranges from 17% to 44%,47 with 31% of those
undergoing BCT and reported to the Surveillance, Epide-
miology, and End Results program between 1988 and
2011 having excision alone.36 An early study by Silver-
stein et al48 suggested that a margin of 1 cm or greater
negated the benefit of RT; however, these findings have
not been replicated in subsequent studies.49-51 In a study
of 1374 women undergoing excision alone, margin width
was significantly associated with LR, with 10-year LR rates
ranging from 41% with a positive margin to 16% with a
> 1 cm margin (P 5 .00003). In a multivariate analysis
controlling for age, family history, presentation, number
of excisions, use of adjuvant endocrine therapy, and year
of surgery, incremental increases in margin width were
associated with decreasing LR risk (P < .0001).39 In

contrast, after 12 years of follow-up in the Eastern Coop-
erative Oncology Group–American College of Radiology
Imaging Network E5194 trial, which included women
with low- to intermediate-grade DCIS! 2.5 cm in size or
high-grade DCIS ! 1 cm in size treated with excision
alone and with a negative margin of at least 3 mm, no sig-
nificant relation between the margin widths of< 5 mm, 5
to 9 mm, and " 1 cm was observed.52 Table 1 reviews
studies examining rates of LR for DCIS treated with exci-
sion alone and highlights that there are cohorts of low-risk
patients undergoing excision alone who have low local
failure rates with a range of negative margin
widths.48,49,51-55 The decision for re-excision or RT for
DCIS is multifactorial, with the margin width being one
factor that may affect the decision for further risk-
reducing therapy. The patient’s age, the size of the DCIS,
the tumor grade, the margin width, and the patient’s com-
fort with recurrence risk are all taken into consideration
when the decision is made to omit RT or return to the
operating room because, as shown in Table 1, there is no
uniform negative margin width reported in the literature
that is routinely associated with a low recurrence risk
among women with DCIS treated with excision alone.

TABLE 1. LR Rates for Ductal Carcinoma In Situ Treated With Excision Alone by the Margin Status

Source

Minimum Margin
Required/Margin

Cohort, mm
Additional

Inclusion Criteria
Patients With Margins
" 10 mm, n/N (%)

Median
Tumor Size, mm

Years for
Reported LR

LR
Rate, %

Silverstein 199948 < 1
1-10
> 10

— 93/256 (36) 19
8
9

8 58
20
3

MacDonald 200554 10 — 272/272 (100) —a 12 14

Van Zee 201539 ! 2
> 2-10
> 10

— 669/1374 (49) Not reported 10 27
23
16

Hughes 200953 < 10b

" 10
Low-intermediate grade,

tumor size ! 2.5 cm
274/565 (48) 6 5 6

7
< 10b

" 10
High grade,

tumor size < 1 cm
56/105 (53) 5 7 15

16

Wehner 201351 2 Tumor size ! 2 cm,
age " 50 y, not high grade

119/205 (58) 8 12 8

Wong 201449 10 Low-intermediate grade,
tumor size ! 2.5 cm

143/143 (100) 8c 10 16

McCormick 201555 3 Low-intermediate grade,
tumor size < 2.5 cm

48/298 (16) 5 7 7

Solin 201552 3 Low-intermediate grade,
tumor size ! 2.5 cm

119/561 (21) 6 12 14

High grade,
tumor size ! 1 cm

25/104 (24) 7 25

Abbreviation: LR, local recurrence.
a The tumor size was reported as follows: " 15 mm, 72%; 15 to 40 mm, 24%; and > 40 mm, 4%.
b The minimum margin required in the study was 3 mm.
c Mammographic size of ductal carcinoma in situ.
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MARGIN WIDTH AND LR RISK IN DCIS
TREATED WITH EXCISION AND RT
A study-level meta-analysis including 6353 women treated
with BCT and RT was conducted to evaluate the impact
of the margin status on LR. Because of the heterogeneity
of the data, both a Bayesian network analysis and a fre-
quentist analysis were used to examine the data. Both anal-
yses confirmed that the odds of LR are reduced by more
than 50% with a negative margin versus a positive margin
(odds ratio, 0.45; 95% credible interval, 0.30-0.62). In
the Bayesian analysis, with respect to a positive margin,
significant reductions were seen for all negative margin
widths (Table 2).56 When a 2 mm margin was compared
with a smaller negative margin, a nonsignificant trend
toward a decrease in LR was observed (relative odds ratio,
0.72; 95% credible interval, 0.47-1.08). In the frequentist
analysis, a 2 mm margin was associated with a significant
reduction in LR in comparison with a smaller negative
margin (odds ratio, 0.51; 95% confidence interval, 0.31-
0.85; P 5 .01; Table 2). Importantly, in both analyses, no
additional benefit was seen for margins greater than 2
mm.56 Subsequently, in 2015, an SSO-ASTRO-ASCO
multidisciplinary consensus panel concluded that a 2 mm
margin minimizes the risk of LR in comparison with
smaller negative margins, but more widely clear margins
do not further reduce the risk of LR.57 Two large, single-
institution studies reported on their experience with DCIS
treated with BCT, and both found that close margins (<
2 mm) were not inferior to wider negative margins among
women treated with RT.39,58

Although the previously discussed meta-analysis
found that a margin of 2 mm reduces LR in comparison
with smaller negative margins, the findings of single-
institution studies, the favorable long-term outcomes

observed in NSABP trials using a margin definition of no
ink on tumor, and the recognition that small differences
in local control do not affect survival for patients with
DCIS led members of the SSO-ASTRO-ASCO consen-
sus panel on DCIS margins to emphasize that the decision
to perform a re-excision for negative margins < 2 mm
should be individualized on the basis of multiple factors,
including the volume of disease near a margin, the results
of a postexcision mammogram, the cosmetic impact of re-
excision, the patient’s age, the tumor’s size and grade, the
life expectancy, and the patient’s tolerance of risk. In par-
ticular, it was emphasized that a negative margin < 2 mm
is not by itself an indication for mastectomy.

DCIS AND INVASIVE CANCER: WHICH
GUIDELINE TO USE?
The invasive cancer margin guideline endorses no ink on
tumor, whereas the DCIS guideline states that 2 mm is an
optimal margin. This raises the question of which guide-
line to apply in microinvasive carcinoma, or which guide-
line to apply when DCIS occurs in association with
invasive carcinoma and the DCIS component is in prox-
imity to the margin. The margin consensus panel opted to
draw the line for the DCIS guideline at microinvasive can-
cer, including this with DCIS because most of the lesion
is composed of DCIS, and because small retrospective
studies suggest that the behavior of microinvasive carci-
noma is more similar to the behavior of DCIS than inva-
sive cancer59 and that the use of systemic therapy is more
similar to that seen in DCIS. In contrast, invasive cancer
with associated DCIS, whether an EIC or lesser amounts,
should be managed according to the invasive guideline. In
these cases, the biology of the invasive cancer is the pri-
mary determinant of outcome, and the majority of

TABLE 2. Estimated Margin Threshold Effects on Local Recurrence in Ductal Carcinoma In Situ Treated
With Lumpectomy and Radiation Therapy From a Meta-Analysis

Threshold Distance for Negative Margins Relative to > 0 or 1 mm
OR and 95% CI Adjusted for Follow-up

> 0 or 1 mm 2 mm 3 or 5 mm 10 mm P
Frequentist Model

Reference 0.5 (0.31-0.85) 0.4 (0.18-0.97) 0.6 (0.33-1.08) .046

Threshold Distance for Negative Margins With Respect to Positive Margins
Mean OR and 95% CrI Adjusted for Follow-up

> 0 or 1 mm 2 mm 3 mm 10 mm
Bayesian Model

0.5 (0.32-0.61) 0.3 (0.21-0.48) 0.3 (0.12-0.76) 0.3 (0.19-0.49)

Abbreviations: CI, confidence interval; CrI, credible interval; OR, odds ratio.

Data were derived from Marinovich et al.56
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patients will receive systemic therapy. In addition, an EIC
excised to clear margins does not increase LR,31,32

although, as discussed previously, it is a potential marker
for a heavier residual disease burden.

In conclusion, in the modern era of multimodality
therapy for invasive and in situ breast carcinomas, the
margin status is one of a number of factors affecting LR
risk, and the tumor biology rather than an arbitrary ana-
tomic margin cutoff is the major determinant of LR. For
invasive breast cancer, the data support obtaining a nega-
tive margin, defined as no ink on tumor, and do not iden-
tify an additional benefit for more widely clear margins.
In patients with DCIS receiving RT, a margin of 2 mm
minimizes LR, but larger margins do not provide added
benefit. The adoption of these evidence-based margin
guidelines will decrease the burden of surgery for patients
and their families, and reduce health care costs.
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