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ABSTRACT

Background. The effect of increasing negative margin

width after breast-conserving therapy (BCT) on local

recurrence (LR) is controversial. LR rates vary by subtype,

with the highest rates seen in triple-negative breast cancer

(TNBC). This study examined LR rates in relationship to

margin width in TNBC treated with BCT.

Methods. Women with TNBC who underwent BCT

between 1999 and 2009 were identified. Margins were

defined as positive (ink on tumor), 0.1–2.0, and 2 mm.

Patients with positive margins were excluded. Statistical

comparisons were by t test, Fisher’s exact test, and Wil-

coxon rank sum test. Cumulative incidence of LR was

compared by competing-risks methodology.

Results. Of 535 cancers, 71 had margins B2 mm and 464

had margins[2 mm. At a median follow-up of 84 months

(range 8–165 months), there were 37 local, 18 regional,

and 77 distant recurrences or deaths as first events. Ten

patients had a locoregional recurrence before planned

radiotherapy and were excluded from cumulative incidence

analyses. The cumulative incidence of LR at 60 months for

margins B2 mm was 4.7 % (95 % confidence interval

0–10.0) and for [2 mm was 3.7 % (1.8, 5.5) (p = 0.11).

After controlling for chemotherapy and tumor size, there

was no difference in LR between the two margin groups

(p = 0.06). A difference in the risk of distant recurrence or

death was not observed (p = 0.53).

Conclusions. Margin width of [2 mm was not associated

with reduced LR rates. These data support a negative

margin definition of no ink on tumor, even in this high-risk

TNBC cohort.

Breast-conserving therapy (BCT) is a well-established

treatment modality for breast cancer, with equivalent sur-

vival to mastectomy.1 Although rates of local recurrence

(LR) have decreased since the initial prospective random-

ized trials of BCT, significant controversy exists regarding

the optimal negative margin width.2 Positive margins,

defined as ink on tumor, are definitively associated with

increased rates of LR compared to negative margins, but

the optimal amount of normal breast tissue which consti-

tutes a negative margin remains uncertain.3 Both surgeons

and radiation oncologists use widely varying definitions of

what margin width precludes the need for re-excision, in

spite of the findings of a meta-analysis of 21 published

studies which found no significant improvement in rates of

LR with increasing negative margin width.4–7 Recent data

indicate that rates of LR vary by breast cancer subtype as

approximated by estrogen receptor (ER), progesterone

receptor (PR), and HER2/neu, with patients with triple-

negative breast cancer (TNBC) having higher LR rates

compared to the non-triple-negative subtypes.8 Given the

higher reported rates of LR in TNBC, we sought to

examine the impact of margin status in this subgroup to
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determine whether margins [2 mm were associated with

decreased rates of LR in this population.

METHODS

After approval by the institutional review board at

Memorial Sloan-Kettering Cancer Center, a prospectively

maintained database was used to identify women with

TNBC who underwent BCT at our institution between

1999 and 2009. TNBC was defined as ER and PR positivity

of \1 %, and HER2/neu negativity (0, 1 ? staining) by

immunohistochemistry and/or no amplification by fluores-

cence in situ hybridization. All patients underwent

lumpectomy and had planned whole-breast radiotherapy

(RT). Patients receiving partial-breast RT and patients not

undergoing whole-breast RT (as a result of refusal or

medical recommendation) were excluded. Because the

population of interest comprised women who completed

standard treatment (i.e., lumpectomy and RT), women who

experienced recurrence before RT were also excluded from

estimates and comparisons of cumulative incidence of LR,

regional recurrence, distant metastasis, and death. Margin

status was defined as positive (ink on tumor), 0.1–2.0, or

[2.0 mm. Forty-six patients with positive margins were

excluded from analysis. One woman had a contralateral

TNBC 3 years after her initial diagnosis; these cancers

were treated as independent for all analyses. Data on

patient, tumor, and treatment characteristics were col-

lected: age at surgery; tumor size; lymphovascular invasion

(present or absent); ER and PR status; HER2/neu status;

receipt of adjuvant whole-breast RT, including a boost to

the tumor bed or regional nodal irradiation; and receipt of

adjuvant chemotherapy. Patient charts were reviewed for

date of last follow-up, status at last follow-up (no evidence

of disease; alive with disease; died of disease; died other

cause; or died unknown cause). Recurrence events and

dates were captured for local (ipsilateral breast), regional

(ipsilateral axillary, internal mammary, or supraclavicular

nodal basins), or distant metastasis.

Group characteristics were compared by t tests and

Wilcoxon rank-sum tests for age and tumor size, respec-

tively, and Fisher’s exact test for categorical covariates.

Time to first event (LR, regional recurrence, distant

metastasis/death, or end of follow-up) was calculated from

date of definitive surgery, and competing risks methodol-

ogy was used to estimate the cumulative incidence of LR,

regional recurrence, and distant recurrence/death. Nine

women had a bilateral prophylactic mastectomy during

follow-up and were censored at the time of the procedure.

Gray’s test, and Fine and Gray regression were used to test

associations between clinical factors and LR in univariate

and multivariate settings, respectively. Multivariate models

were built to investigate the effect of margin status after

adjusting for covariates with p \ 0.15 for either margin

status or LR on univariate analysis; RT was not included in

these models because patients who experienced recurrence

before RT were excluded.

All statistical analysis was performed by SAS 9.2 (SAS

Institute, Cary, NC, USA) or R 2.3.1 (R Foundation for

Statistical Computing, Vienna, Austria), and the cmprsk

package was used. p values of \0.05 were considered

significant.

RESULTS

A total of 535 TNBCs treated with BCT during the

study period were identified in 534 women. Of the 535

cancers, 464 had margins [2 mm and 71 had margins

B2 mm. The mean age of the study population was

55.4 years. The median tumor size was 1.6 cm (range

0.1–7.3 cm), 29 % were node positive, and 24 % had

lymphovascular invasion identified. 84 % of the patients

received adjuvant chemotherapy, 94 % had a radiation

boost to the lumpectomy bed, and 11 % received regional

nodal RT. Patient, tumor, and treatment characteristics by

margin status are shown in Table 1. No significant dif-

ferences in age, tumor size, nodal status, presence of

lymphovascular invasion, or receipt of RT between the

TABLE 1 Patient and treatment variable by margin status

Variable Margin of p value

B2 mm

(n = 71)

[2 mm

(n = 464)

Age at surgery

(mean ± standard

deviation)

56.7 ± 12.2 55.2 ± 12.2 0.30

Age [50 years 53 (75 %) 312 (67 %) 0.27

Tumor size,

median (IQR)

1.5 (1–2.2) 1.6 (1.1–2.3) 0.27

Tumor size [2 cm 22/69 (32 %) 165/457 (36 %) 0.59

Lymphovascular

invasion present

19 (27 %) 110 (24 %) 0.55

Nodal status positive 25/71 (35 %) 130/463 (28 %) 0.26

Chemotherapy 54 (76 %) 398 (86 %) 0.05

Whole-breast RTa 68 (96 %) 457 (98 %) 0.14

Tumor bed boostb 59/63 (94 %) 380/405 (94 %) 1.00

Regional RTb 10/62 (16 %) 41/404 (10 %) 0.19

Denominators are included in cases where not all patients could be

included as a result of missing data

IQR interquartile range, RT radiotherapy
a The only patients who did not receive RT were those who experi-

enced recurrence before planned RT
b Within the subset of patients treated with RT
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B2 and [2 mm margin groups were noted. There was a

trend toward increased use of chemotherapy in the

[2 mm margin group (p = 0.05).

During the study period, the use of chemotherapy regi-

mens changed. In the initial year of the study (1999),

cyclophosphamide, methotrexate, and fluorouracil was the

most frequent regimen used, with 44 % of patients

receiving this regimen. Between 2000 and 2009, an

anthracycline with or without a taxane was increasingly

used, and an anthracycline with a taxane became the most

frequently used regimen by 2009 (75 %). Among women

who completed standard treatment, there was no difference

in the rate of LR by year of surgery during the study period

(p = 0.240) or when comparing patients treated during the

first 5 years (1999–2003) to those treated in the last 5 years

(2004–2009) (p = 0.25).

For the entire population, at median follow-up of

84 months (range 8–165 months), there were 37 LR, 18

regional recurrences, and 77 distant recurrences or deaths as

first events. Ten patients had an early locoregional recur-

rence (LRR) after lumpectomy but before planned RT

(9 local, 1 regional). 4 % (3 of 71) of patients with B2 mm

margins experienced LRR before planned RT, compared

to 1.5 % (7 of 464) of patients with margins [2 mm

(p = 0.14). All ten patients with an LRR before planned RT

developed distant metastasis, and at date of last follow-up,

eight had died. The ten patients with an LRR before planned

RT were not included in analyses of cumulative incidence of

LR, regional recurrence, and distant metastasis/death.

Among the remaining 525 patients who completed RT,

the cumulative incidence of LR at 60 months for patients

with margins B2 mm was 4.7 % (95 % confidence interval

[CI] 0–10.0) and 3.7 % (1.8–5.5) for those with margins

[2 mm (p = 0.11) (Table 2; Fig. 1). After controlling for

the use of adjuvant chemotherapy and tumor size, there

remained no significant difference in LR between the

margin groups (p = 0.06, subdistribution hazard ratio 2.23

for margins B2 mm or less compared to[2 mm with 95 %

CI 0.97–5.14). No significant differences in incidence of

LR were observed on the basis of age, tumor size, lym-

phovascular invasion, nodal status, chemotherapy, or

radiation boost. There were no observed differences in the

risk of regional recurrence (p = 0.58) or distant recur-

rence/death (p = 0.53) between the margin groups (Fig. 2).

DISCUSSION

Our study does not support the idea that wider surgical

margins improve LR rates in patients with TNBCs. These

data add to the growing literature that obtaining a margin

more widely clear than no ink on tumor in BCT for inva-

sive breast cancer does not impact local control.7,9,10 A

meta-analysis by Houssami et al. of 14,571 women found

no significant decrease in LR with increasing negative

margin distance, although positive margins were highly

correlated with LR.7 However, this meta-analysis did not

examine the relationship between breast cancer subtype

and margins because hormone receptor status and HER2/

neu status were not reported in a majority of the included

studies. Although it may seem counterintuitive that more

widely clear margins do not reduce LR, an emerging body

of literature supports the idea that biology and the use of

effective systemic therapy are the major determinants of

TABLE 2 Univariate analysis of patient and treatment factors, and

risk of LR

Factor Cumulative incidence of

LR at 60 mo (95 %

confidence interval)

p value

Margin status B2 mm 4.7 % (0–10.0) 0.11

Margin status [2 mm 3.7 % (1.8–5.5)

Age at surgery [50 years 3.8 % (1.7–5.8) 0.60

Age at surgery B50 years 3.9 % (0.8–7.0)

Tumor size [2 cm 6.4 % (2.5–10.3) 0.11

Tumor size B2 cm 2.6 % (0.8–4.3)

LVI present 4.3 % (0.6–8.1) 0.79

LVI absent 3.6 % (1.7–5.6)

Nodal status positive 5.3 % (1.4–9.2) 0.65

Nodal status negative 3.2 % (1.3–5.1)

Chemotherapy 4.0 % (2.1–5.9) 0.83

No chemotherapy 2.7 % (0–6.3)

Boost 4.3 % (2.3–6.4) 0.48

No boost 3.4 % (0–10.2)

LR local recurrence, LVI lymphovascular invasion

≤ 2 mm
> 2 mm

68
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0.6

0.4
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FIG. 1 Cumulative incidence of local recurrence
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local control. Rates of both local and distant recurrence

vary by breast cancer subtype.8,11–13 A meta-analysis by

Lowery et al.8 examined LRR rates by subtype in 7,174

patients undergoing BCT. At a median follow-up of

57 months, patients with a non-TNBC (ER, PR positive or

HER2/neu overexpressing) had lower rates of LRR than the

triple-negative subtype (relative risk [RR], 0.49; 95 % CI

0.33–0.73). A similar pattern was seen in 5,416 women

treated with mastectomy where patients with non-TNBC

were significantly less likely to develop an LRR after

mastectomy then the triple-negative cohort (RR 0.66; 95 %

CI 0.53–0.83). In a more recent study, Russo et al. exam-

ined the impact on LR of margin widths of C2 mm to

margins \2 mm in 906 women undergoing BCT between

1998 and 2006, controlling for tumor subtype.14 The 5-year

rate of LR was 0 % for margins \2 mm and 2.3 % for

C2 mm margins. On multivariate analysis, margin width

was not associated with LR, but triple-negative subtype

was a highly significant predictor of LR with an adjusted

hazard ratio of 3.7 (95 % CI 1.6–8.8; p = 0.003).

The impact of biology on LR is mitigated by effective

systemic therapy. In the National Adjuvant Breast and

Bowel Project (NSABP) B14 trial of tamoxifen versus

placebo in ER-positive women, the use of tamoxifen

reduced LR to 4.3 % compared to 14.7 % in the placebo

group.15 A similar reduction in LR was seen with the

addition of chemotherapy in ER-negative women from

13.4 to 2.6 % in NSABP B13.16 However, the experience

with HER2-overexpressing patients indicates that even

greater reductions in LR can be obtained with the addition

of targeted therapy to chemotherapy.13,17,18 A meta-ana-

lysis of randomized trials comparing adjuvant

chemotherapy with or without trastuzumab for HER2/neu-

positive breast cancer showed significant reductions in LR

in the trastuzumab-treated patients (RR 0.58; 95 % CI

0.43–0.77, p = 0.0002).18

At this time, there is no targeted therapy for TNBC, so it

could be postulated that more extensive surgery might

improve LR for the triple-negative subtype. A mastectomy

represents the widest margin that can be obtained in breast

cancer surgery, and three studies have examined the effect

of surgery type (BCT compared to mastectomy without

RT) on LR in TNBCs. Patients treated with mastectomy

had larger tumors and higher risk features; however, on

multivariate analysis, type of surgery was not a predictor of

LRR in this patient population.19–21

To our knowledge, our study is the first to directly

address the question of margin width in BCT in TNBC. In

addition to finding no impact of margins[2 mm on LR, it

is noteworthy that rates of local control were high in this

patient cohort, with only 5 % of those with margins of

2 mm or less and 4 % of those with margins [2 mm

experiencing LR. The non-significant reported hazard ratio

for LR after controlling for chemotherapy and tumor size,

coupled with the studies showing no difference in outcome

for TNBC patients treated with BCT and mastectomy,

strongly suggests that bad biology is unlikely to be over-

come with larger surgical procedures. This finding has

implications for clinical practice because significant con-

troversy currently exists among surgeons and radiation

oncologists regarding the acceptable margin width in BCT

for invasive breast cancer, with only 11–40 % of surveyed

surgeons comfortable with a negative margin definition of

no ink on tumor.4–6 However, acceptance of this negative

margin definition has the potential to benefit a significant

number of women, as recent data show that 25 % of all

women treated with BCT undergo a re-excision, and

approximately half of re-excisions are performed to
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achieve wider negative margins.22–24 Minimizing the need

for re-excision decreases the risk of poorer cosmetic out-

come associated with the resection of larger amounts of

breast tissue, delayed time to adjuvant therapy, additional

operating room costs, and the possible psychological

impact of reoperation on patients.24

Strengths of this study include a large cohort of con-

temporarily treated TNBC patients at a single institution,

with detailed information available on margin and treat-

ment data. Furthermore, because TNBCs recur early, with

peaks of LR seen in the first 3 years, we have likely cap-

tured the majority of LR events with a median follow-up of

84 months.25,26 However, this study is a retrospective

analysis with known potential limitations. There was a

trend toward decreased chemotherapy utilization in the

B2 mm margin group. During the time period of this study,

there was no consensus on the use of chemotherapy for

tumors\1 cm in size, and this difference likely represents

chance variation. On univariate analysis, factors such as

age, lymphovascular invasion, use of chemotherapy, nodal

status, tumor size, and use of a boost were not found to be

significant predictors of LR, which may be the result of

insufficient power to detect a difference based on our

population size. However, the numerically low rates of LR

in both groups in our study suggest that even if a larger

sample size resulted in a statistically significant difference,

the magnitude of difference is unlikely to be clinically

meaningful.

In conclusion, although patients with TNBCs have

higher reported rates of LR than other breast cancer sub-

types, it does not appear that more extensive surgery

improves outcome. Our current data continue to support the

definition of a negative margin as no ink on tumor, even in

this high-risk breast cancer subset.
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