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Structured abstract

Objective—Our goal was to investigate, in a large population of women with DCIS and long 

follow-up, the relationship between margin width and recurrence, controlling for other 

characteristics.

Summary Background Data—While DCIS has minimal mortality, recurrence rates after 

breast-conserving surgery (BCS) are significant, and half are invasive. Positive margins are 

associated with increased risk of local recurrence, but there is no consensus regarding optimal 

negative margin width.

Methods—We retrospectively reviewed a prospective database of DCIS patients undergoing 

BCS from 1978–2010. Univariate and Cox proportional hazard models were used to investigate 

the association between margin width and recurrence.

Results—2996 cases were identified, of which 363 recurred. Median follow-up for women 

without recurrence was 75mo (range 0–30years); 732 were followed for ≥10yrs. Controlling for 

age, family history, presentation, nuclear grade, number of excisions, radiotherapy (RT), 

endocrine therapy, and year of surgery, margin width was significantly associated with recurrence 

in the entire population. Larger negative margins were associated with a lower hazard ratio 

compared to positive margins. An interaction between RT and margin width was significant 

(p<0.03); the association of recurrence with margin width was significant in those without RT 

(p<0.0001), but not in those with RT (p=0.95).

Conclusions—In women not receiving RT, wider margins are significantly associated with a 

lower rate of LR. Obtaining wider negative margins may be important in reducing the risk of 

recurrence in women who choose not to undergo RT, and may not be necessary in those that 

receive RT.
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Introduction

Ductal carcinoma in situ (DCIS) now accounts for up to 21% of all breast cancers diagnosed 

in the United States each year.1 Management options for DCIS range from mastectomy, to 

breast-conserving surgery (BCS) with adjuvant radiation therapy (RT), to BCS alone. 

Regardless of the type of local therapy, mortality due to DCIS is uncommon. However, local 

recurrence rates after BCS alone are high, ranging from 25 to 35% at 13–17 years of follow-

up, and approximately half of all recurrences are invasive.2–6 RT reduces the recurrence rate 

by about 50%, but does not reduce mortality2–6 and can be associated with increased rates of 

cardiovascular disease and rare malignancies.7–11 Tamoxifen also reduces recurrences 

among women whose DCIS expresses estrogen receptors, but like RT, does not reduce 

mortality, and can result in elevated risk of uterine cancer and venous thromboembolic 

events.3, 12–14

While no subset of patients undergoing BCS for DCIS has been identified for which 

adjuvant RT does not reduce recurrence risk, there is interest in identifying those at lower 

risk of recurrence for whom adjuvant RT would result in a small absolute benefit. Numerous 

risk factors for recurrence have been identified, including age,4–6, 15, 16 family history,17–19 

clinical presentation,4, 5, 20 number of excisions,16 nuclear grade and necrosis,21–25 year of 

surgery,16, 26 and margin status.4–6, 16, 20, 24, 27–29 Three prospective studies have 

successfully combined multiple factors to prospectively identify women at relatively low 

risk for recurrence after excision alone.30–32 A nomogram that combines 10 different patient 

and pathological variables and adjuvant treatments to estimate risk of recurrence after BCS 

for DCIS allows identification of those at relatively low risk of recurrence16 and has been 

validated in independent populations.33–35

However, of the various risk factors for recurrence of DCIS after BCS, the only 

characteristic that is potentially modifiable by the clinician is width of margin. Although 

multiple studies have shown that positive or close margins are associated with a higher risk 

of recurrence after BCS for DCIS, there is no consensus as to what constitutes an optimal 

negative margin width. We undertook this study to evaluate the association of margin width 

and local recurrence in women treated with and without RT over a 30-year time period at a 

single institution.

Methods

After obtaining approval from the Institutional Review Board, a prospectively maintained 

database was used to identify all patients undergoing definitive BCS for DCIS from 1978–

2010 at Memorial Sloan Kettering Cancer Center. Patients with synchronous (n=30) or 

metachronous (n=29) bilateral DCIS were included once for each breast.

Clinical, pathological, and treatment variables included were age at diagnosis, menopausal 

status (pre- or perimenopausal vs. postmenopausal), family history (at least one first or 

second degree family member with breast cancer), presentation (clinically palpable mass, 

nipple discharge or Paget’s disease vs. radiologic), nuclear grade (categorized as non-high 

grade [including borderline cases focally reaching or approaching low grade DCIS, low 
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grade, and intermediate grade] or high grade), number of excisions, margin width 

(categorized as positive [tumor on ink], close [≤2mm], >2–10mm [includes cases with 

margins described as widely clear], or >10mm [includes patients with no residual disease in 

the re-excision specimen]), RT, endocrine therapy, and date of definitive surgery. Number 

of excisions was included because it is likely correlated with extent DCIS, and was 

previously shown to be statistically significantly associated with recurrence risk on 

multivariable analysis.16 Post-excision mammogram was routinely performed for cases 

presenting as mammographic calcifications.

The outcome of interest was any recurrence, defined as ipsilateral breast recurrence of DCIS 

or invasive cancer, ipsilateral axillary nodal recurrence without ipsilateral breast recurrence, 

or in one case, distant recurrence consistent with a breast primary carcinoma but without the 

presence of any ipsilateral recurrence or contralateral diagnosis of breast carcinoma. Time to 

event was defined as the interval between definitive surgery and date of first recurrence. 10-

year Kaplan-Meier recurrence estimates were calculated by margin width for the entire 

cohort as well as for the subsets with and without RT, and log rank tests were used. A 

multivariable Cox model was created to evaluate the association of margin width with 

recurrence while controlling for other variables. Interaction between RT and margin width 

was assessed, and separate models were created for the subsets with and without RT. 

Proportionality of hazards was checked for all Cox models and found to be appropriate. 

Statistical analysis was performed using SAS 9.2 (SAS Institute, Inc., Cary, NC).

Results

From 1978 to 2010, 2996 cases were identified; the characteristics of the entire population 

and the cohorts without and with RT are presented in Table 1. Median age of entire 

population was 57 years (range 20–92). For those undergoing RT median (range) age was 55 

years (27–85) and for those without RT 59 years (20–92). Recurrence occurred in 363, of 

which 159 were invasive (147 ipsilateral invasive breast recurrences, 2 ipsilateral axillary 

recurrences, 10 simultaneous breast and axillary recurrences), 192 were DCIS, 11 were 

unknown type of breast recurrence, and 1 was distant metastasis without locoregional 

recurrence. 18 developed distant disease, of which 11 have died. Sixteen had ipsilateral 

invasive breast recurrence and 1 had ipsilateral DCIS breast recurrence before development 

of distant metastases.

Median follow-up for those without recurrence was 75 months (range 0–356 months). 732 

women had at least 10 years of follow-up; 615 of these had complete data. Overall, 336 

women died; 284 (9.5% of all women) died without having any recurrence.

Margin width

Crude recurrence rates by margin width are shown in Table 2. Figure 1A shows Kaplan 

Meier recurrence-free survival by margin width for entire population, and 10-year 

recurrence rates are shown in Table 3. A trend toward lower risk of recurrence is associated 

with wider margins (p=0.087). For women with positive margins, the 10-year rate of 

recurrence was 31%, as compared to 13% for women with >10mm margins.
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Margin width and RT

We examined the effect of margin width on recurrence, stratified by use of RT; crude 

recurrence rates are shown in Table 2. Figures 1B and 1C show Kaplan Meier recurrence-

free survival by margin width for those not receiving and those receiving RT; 10-year 

recurrence rates are shown in Table 3. Among those not receiving RT, the association of 

wider margins and lower recurrence was highly significant (p=0.0003), while the association 

was not significant among those that received RT (p=0.99).

For each margin width, the use of RT was associated with a statistically significant reduction 

in recurrence, with greater proportional and absolute risk reduction being associated with 

positive or close margins (Table 3, Figure 2). This association remained significant after 

adjusting for 7 other variables.

Multivariable analyses

Because numerous other factors are associated with recurrence, a multivariable model was 

built to control for factors which could affect the relationship of margin width and 

recurrence. Nuclear grade was not significant on either univariate (p=0.96) or multivariable 

analysis (p=0.2). Because its inclusion did not alter the results and because nuclear grade 

was unknown in 215 cases, it was not included in the final model. After controlling for age, 

family history, presentation, number of excisions, RT, endocrine therapy, and year of 

surgery (Table 4), wider margins were associated with lower risk of recurrence (p=0.0003), 

with progressively lower hazard ratios associated with wider margins (0.78, 0.70, and 0.44 

for negative margin widths of ≤2mm, >2–10mm, and >10mm, respectively) as compared to 

positive margins.

Because of the apparent differential effect of margin width by RT (Figures 1 & 2, Table 3), 

an interaction term between margin width and RT was added to the multivariable model and 

was found to be significant, p<0.03. To explore this relationship further, a multivariable 

model was fit to the subsets of patients not receiving and receiving RT (Table 5); this 

confirmed that there is a differential effect of margin width by RT. In those not receiving 

RT, the relationship between wider margins and lower rates of recurrence was even stronger 

(HR=0.75, 0.58, 0.31 for negative margin widths of ≤2mm, >2–10mm, >10mm, 

respectively, as compared to positive, p<0.0001), while for those receiving RT, there was no 

clear relationship (p=0.95).

To further explore various margin width thresholds among those receiving RT, we created 

multivariable models with margin width dichotomized into positive vs. tumor not on ink, 

≤2mm vs. >2mm, and ≤10mm vs. >10mm, but found no significant difference (p=0.67, 

p=0.96, p=0.70, respectively) in risk of recurrence with any threshold.

Discussion

The overview of the four prospective randomized trials of RT for DCIS found that negative 

margins are associated with a lower risk of recurrence.2 However, because margin status 

was dichotomized as positive vs. negative4, 6, or within 1mm vs over 1mm,5, 24 the optimal 

negative margin width cannot be assessed in those studies. However, Pinder et al. examined 
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a subset of 637 cases from the 1701 cases in the UK/ANZ trial for whom actual margin 

width was available.24 They found that the HR for risk of recurrence was halved in cases 

with ≥5mm margins as compared to those with <1mm margins (HR=0.46, p=0.03); they did 

not report the number that received RT or tamoxifen, nor did they stratify by adjuvant 

treatment.

Several retrospective analyses have been undertaken in an attempt to address the 

relationship of margin width and recurrence of DCIS. Silverstein et al. first included margin 

width as one of three predictors of local recurrence (along with tumor size and nuclear 

grade/necrosis classification) in his Van Nuys Prognostic Index.21 In a population of 333 

women with a median follow-up of 79 months, larger margin widths were associated with 

lower risk of recurrence (p<0.04, margin widths were categorized as wide (≥10mm), 

intermediate (1–9mm), and close (<1mm)). Silverstein et al. later reported that among a 

population of 469 with a median follow-up of 81 months, 8-year recurrence rates for those 

not receiving RT were 3%, 20%, and 58% for those with wide, intermediate and close 

margins, respectively, as compared to 4%, 12%, and 30% for those receiving RT.27 They 

concluded that there was no significant benefit of RT in patients with wide margins.

Solin et al. reported that in a multivariable analysis of 1003 women with mammographically 

detected DCIS treated with BCS and RT, and median follow-up of 8.5 years, margin status 

and age were the only statistically significant factors associated with recurrence.36 

Compared to negative margins, positive margins (tumor on ink) had a hazard ratio of 3.35 

(p=0.00035) and close margins (defined as <2mm, ≤2mm, <2–3mm, or <3mm) had a hazard 

ratio of 1.9 (p=0.03).

In a retrospective study of 460 women treated with BCS without RT and referred to the 

British Columbia Cancer Agency from 1985–1999, Wai et al. reported that 10-year LR rates 

were lower with negative margins (9%) as compared to close (17%), positive (31%) or 

unknown (32%) margins (p<0.0001).37

A review of the role of margin status on recurrence in DCIS patients after BCS and RT 

included 7 publications for which a comparison between negative and close (variably 

defined as <1 to <5mm) margins could be made; the odds ratio for local recurrence with 

negative margins as compared to close was 0.59 (p<0.001).38 In the subset of studies for 

which a specific margin width could be determined, analysis showed that 2mm margins 

were associated with lower risk than <2mm (5.8% vs 10.4% local recurrences, OR=0.53, 

p<0.05), and associated with a non-significantly higher risk than 5mm margins (5.8% vs. 

3.9% local recurrences, OR 1.51, p>0.05).

Wang et al. performed a network metaanalysis of the association of specific margin 

thresholds and recurrence for women with DCIS treated with or without RT after BCS.39 

The authors used a variety of complex statistical methods, including both frequentist and 

Bayesian approaches, and their analyses showed that a negative margin threshold of 10mm 

was associated with a lower recurrence than a threshold of 2mm (p<0.001), regardless of use 

of RT. Because the analysis pooled many different studies, it could not adjust for the many 

other factors known to be associated with local recurrence.
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Here, in this large cohort of well-characterized cases of DCIS treated with BCS, we have 

found a strong association of margin width and risk of recurrence in those not receiving RT, 

but not in those receiving RT. Our finding is unique because our population was large 

(n=2996) with substantial follow-up (615 with complete data were followed for at least 10 

years), numerous patient, pathologic and treatment characteristics were known for each case, 

and the large size and long follow-up allowed the statistical power to control for numerous 

factors which are known to be associated with local recurrence. Furthermore, we were able 

to examine the association of margin width and local recurrence separately for those that did 

and did not receive RT, which revealed a differential effect.

Among women not receiving RT, the width of negative margin was strongly related to risk 

of recurrence, likely because a wider negative margin is associated with a lower volume of 

residual disease. However, among women receiving RT, there was no significant 

association. In an earlier report, we examined the 10-year recurrence rates of a subset 

(n=291) of the population in the current analysis. These women had DCIS treated with BCS 

from 1991–1995 and were followed for a median of 11 years.20 Most cases (93%) had 

pathology review by a breast pathologist. We found lower 10-year LR rates with ≥10mm 

margins (21%) as compared to 1–9mm margins (27%) or <1mm margins (42%) among 

those not receiving RT, but not among those receiving RT (13%, 12%, and 11%, 

respectively). The current much larger analysis confirms this finding of a differential effect 

of margin width depending on the use of RT.

This finding of a differential association of margin width and local recurrence, depending on 

the use of RT, demonstrates the complexity of understanding risk factors for recurrence for 

DCIS. In their most recent update of NSABP B-24, Wapnir et al. reported a differential 

association of margin status and local recurrence, depending on the use of tamoxifen.4 In 

women receiving both RT and tamoxifen, margin status (involved/uncertain vs. free) was 

not significantly associated with recurrence, whereas for those receiving RT alone, it was 

highly significant (HR 2.61, p<0.001 for invasive recurrence; HR 1.65, p=0.05 for DCIS). 

The interaction between use of tamoxifen and margin status was significant (p=0.04). The 

observation that the association of margin status or margin width with recurrence rate is 

affected by use of adjuvant therapy is consistent with the idea that margin status and margin 

width are predictors of risk of or volume of residual disease in the breast. In those that do 

not receive effective adjuvant treatment, margin width is highly correlated with risk of 

recurrence. In those that receive effective adjuvant treatment, it can eradicate the residual 

disease, thereby lessening the association with margin width.

A limitation of our series is that very few women had positive margins, as it is our standard 

practice to achieve clear margins. Most positive margins were at the dermis or the pectoralis 

fascia, rather than at a radial margin. Furthermore, cases with positive or close margins 

generally had very limited, focal disease at or near the inked margin. Together, these 

observations suggest that our patients with close or positive margins likely had a lower 

residual disease burden than some other series. This limitation may cause our reported 

recurrence rates for close and positive margins to underestimate recurrence rates for women 

with a greater volume of disease at or near the margin, as it is known that volume of disease 

is related to recurrence.20, 40
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In contrast to the findings of Dunne et al.,38 among women receiving RT we could find no 

significant difference in recurrence by any categorization of margin width, including ≤2mm 

vs. >2mm. This is likely due to the limited amount of disease near the margin in our patients 

with close or positive margins. Similarly, in contrast to Wang et al.,39 we could find no 

significant difference in recurrence between margin widths of ≤10mm and >10mm among 

those receiving RT. This difference in findings may be due to our ability to control for 

numerous other factors in our multivariable model.

Conclusions

In a large, well-characterized population of women with DCIS, where numerous factors 

were controlled for, we have found that margin width is strongly associated with risk of 

recurrence for women undergoing BCS who do not receive RT. In contrast, we found no 

association among those that do receive RT, demonstrating a differential association of 

margin width and recurrence, depending on adjuvant treatment. These results support the 

conclusion that obtaining wider negative margins may be important in reducing the risk of 

recurrence in women who choose not to undergo RT, and may not be necessary in those that 

receive RT.
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Figure 1. 
Proportion recurrence-free, by margin width for (A) entire population, (B) no-radiation 

cohort, and (C) radiation cohort.
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Figure 2. 
Proportion recurrence-free by use of radiation, for (A) positive margins, (B) margin width ≤ 

2mm, (C) margin width > 2–10mm, (D) margin width > 10mm.
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