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Introduction

The debate over the appropriateness of breast-
conserving therapy (BCT) as a management strategy
for stage I and II breast cancer has been resolved by
prospective randomized trials which have demon-
strated survival rates equal to those seen with mas-
tectomy [1–7]. However, the definition of a clear
margin used in these trials varied from no tumor
cells in direct contact with the inked specimen edge
[6–8], to several centimeters of normal breast tissue
[2,3], leading to ongoing debate over what consti-
tutes an adequate margin of excision. As a result,
practice patterns in the United States and Europe
are widely varied (Fig. 1) [9].

While there is agreement that positive margins,
defined as tumor touching an inked surface, are

associated with an increased risk of local recur-
rence, the significance of close margins, usually
defined as less than 1 or 2 mm, is less clear. Smitt 
et al. reported 10-year actuarial rates of local failure
of 3% for patients with negative margins compared
with 16% for those with close margins [10]. In con-
trast, 10-year actuarial rates of local recurrence
were 2% for patients with both close and negative
margins in a study by Obedian and Haffty [11].
Further complicating the debate is the fact that mul-
tiple factors other than margin width influence the
risk of local recurrence, making it unlikely that a mar-
gin width considered optimal for all patients can be
defined. Local recurrence data from both prospec-
tive and retrospective studies is summarized in
Table 1. From a practical point of view, the appropri-
ate definition of a negative margin is one in which
the residual breast tumor burden has been lowered
enough by excision that it is likely to be controlled by
adjuvant radiotherapy. This does not mean, however,
that there are no additional tumor foci present within
the breast. This article will review factors that we
consider when assessing the adequacy of a surgical
excision.
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Factors to consider in assessing 
adequacy of excision

Margin orientation
A close margin is of concern because it may be
indicative of a significant residual tumor burden in
the remaining breast tissue [12]. The anterior and
posterior margins of the breast are anatomically limited
by the skin and pectoralis fascia, respectively. Tumor
that is close to these margins does not have the same
implication for residual disease as tumor approaching
a margin where residual breast parenchyma remains.
In addition, these margins are often artificially dis-
torted by compression devices used for specimen

radiography. In one study of 220 cases, specimen
handling and inking was completely controlled by the
surgeon and compression was only permitted in an
anterior-posterior direction. A close or positive mar-
gin in this compressed direction was never found to
correlate with residual disease upon re-excision,
while a single close non-compressed margin and
multiple close non-compressed margins demon-
strated residual disease in 35.7% and 47.3% of cases,
respectively [13].

Extent of tumor and margin width
Residual tumor is present in approximately 50% of
patients who undergo re-excision for close or positive
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Figure 1.
Lack of consensus on the definition of margin
adequacy based upon width as defined by indi-
viduals in North America and Europe [9].

Table 1. Major randomized and retrospective studies listing local recurrence rates for breast conservation with attention to margin status.

Trial Follow-up (years) % LR: BCT % LR: Mastectomy Margin definitions

Institut Gustave-Roussy [3] 15 Neg: 9 14 Neg: �20 mm
Milan I [2] 20 Neg: 9 2 Neg: �15 mm
NSABP B-06 [26] 20 Neg: 14 10 Neg: No tumor at inked margins
NCI [4] 18 26 7 Negative margins not required
EORTC 10801 [5] 10 20 12 Negative margins not required
Danish Cooperative Group [6] 6 Neg: 3 4 Neg: No tumor at inked margins
Guy’s Hospital [7] 25 50 26 Neg: No tumor at inked margins
Freedman et al. [27] 10 Close: 14 N/A Close: �2 mm

Neg: 7 Neg: �2 mm
Smitt et al. [19] 6 Close: 22 N/A Close: �2 mm

Neg: 3 Neg: �2 mm
Park et al. [28] 8 Close: 7 N/A Close: �1 mm

Neg: 7 Neg: �1 mm
Wazer et al. [29] 7 8 N/A All cases had positive margins
Obedian & Haffty [11] 10 Pos: 17 N/A Close: �2 mm

Close: 2 Neg: �2 mm
Neg:2

BCT: breast conservation therapy; N/A: not applicable; Pos: positive margins; Close: close margins; Neg: negative margins; LR: local recurrence.
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margins [14]. Neuschatz et al. evaluated residual
disease as a function of initial margin width and
found that while 1–2 mm margins were associated
with a 31% risk of residual tumor at re-excision,
margins greater than 2 mm eliminated that risk com-
pletely, although there were only 10 patients with an
initial margin of greater than 2 mm [12]. Data from the
same group on the relationship between margin width
and local recurrence rates confirmed the significance
of this observation. At 12 years of follow-up, local
recurrence rates for women 45 years of age and
younger and women older than 45 with positive
margins were 25% and 14%, respectively. Excision
to a negative margin width of 2–5 mm reduced local
failure rates to 7% and 5%, respectively [15]. Extent
of margin positivity is a predictor of both local recur-
rence and residual disease at re-excision. Darvishian
et al. identified residual tumor in 9 of 10 patients
having 1 cm or more of tumor at the margin surface.
In contrast, only 2 of 14 patients with margin involve-
ment of less than 5 mm had residual tumor identified
[16]. In the Joint Center for Radiotherapy at Harvard
experience, extent of margin positivity correlated
with rates of local failure [17]. Local recurrence was
observed in 27% of women with extensively positive
margins, 14% of those with focally positive margins,
and 7% of women with close margins. Overall, this
information suggests that while 2 mm margins of
resection provide good local control for the majority
of patients, the benefit of re-excision in patients with
microscopic foci of tumor within 2 mm of a margin
surface is likely to be small.

Tumor histology
Histologic tumor type has also been correlated with
the likelihood of residual disease when patients with
positive or unknown margins are re-excised. This
correlation is most evident for tumors with an exten-
sive intraductal component (EIC). Holland et al. have
demonstrated that 40% of tumors with an EIC have
residual tumor at a distance of 1 cm from the primary
tumor compared to fewer than 5% of ductal carcino-
mas which lack an EIC [18]. Others have shown that
the presence of an EIC is predictive of both local
recurrence and a higher likelihood of finding residual
tumor on re-excision for close or positive margins
[19,20]. Invasive lobular histology is also associated
with a higher likelihood of residual tumor in the
breast when margins are positive or unknown when
compared with invasive ductal carcinoma [21]. This
is consistent with what is known about the infiltrative
growth pattern of invasive lobular carcinomas.

Patient age
Younger patient age is associated with a higher risk
of local recurrence after BCT in multiple randomized

trials [1,2,22]. While the reason for this is not clear, it
appears that a greater negative margin width may
mitigate this effect. In the study of Neuschatz et al.,
a negative margin width of 2 mm or less in women
less than 45 years of age was associated with a 12-
year local failure rate of 19% which was reduced to
7% if margin width was between 2 and 5 mm [12].
The prospective randomized trial by Bartelink et al.
examining the benefit of a boost dose of radiotherapy
to the primary tumor site also confirmed the benefit
of more aggressive local therapy to the primary tumor
site in women age 40 years or less [22]. Thus, young
patient age should not be viewed as an indication
for mastectomy since excision to clearly negative
margins and the use of a boost to the primary tumor
site reduces rates of local failure significantly.

Conclusion

Local recurrence rates after BCT have decreased
significantly since the initial adoption of BCT [23].
The reason for this decrease is multifactorial, and
includes improvements in mammography, more
detailed pathologic evaluation of specimen margins,
and the widespread use of adjuvant systemic therapy.
In a series of women treated in National Surgical
Adjuvant Breast and Bowel Project (NSABP) trials in
the 1990s who received adjuvant therapy, 10-year
rates of local failure ranged from 3.5–6.5% [24].
Despite these improvements in local control, atten-
tion has most likely remained focused on margin
size because this is felt to be within physician control,
although many factors beside the actual margin width
influence the risk of local recurrence. The low incidence
of local recurrence reported by the NSABP, using a
definition of tumor cells not touching ink as a nega-
tive margin, indicates that dogmatic adherence to a
defined margin width for all patients is inappropriate
and is likely to result in unnecessary mastectomies.
In evaluating the need for re-excision in patients with
margin widths of less than 2 mm we consider patient
age, tumor histology, which margin is approximated
by tumor, and the extent of disease approaching the
margin. These enable us to assess whether re-excision
is likely to be beneficial when confined to the margin(s)
approached by tumor. Re-excision limited to those
margins involved by tumor has been shown to identify
residual tumor with the same frequency as re-excision
of the entire cavity [25], and results in the removal of
far less breast tissue which helps to preserve cosme-
sis. In the future, genetic profiling may allow us to
identify tumors with a locally aggressive phenotype
that would benefit from wide local excision or even
mastectomy. Without this information, decisions
about the need for re-excision should continue to be
made on a case by case basis.
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