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ABSTRACT

Background. Randomized trials of radiation after breast-

conserving surgery (BCS) for ductal carcinoma in situ

(DCIS) found substantial rates of recurrence, with half of

the recurrences being invasive. Decreasing local recurrence

rates for invasive breast carcinoma have been observed and

are largely attributed to improvements in systemic therapy.

In this study, we examine recurrence rates after BCS for

DCIS over 3 decades at one institution.

Methods. We retrospectively reviewed a prospectively

maintained database of DCIS patients undergoing BCS

from 1978 to 2010. Cox proportional hazard models were

used to investigate the association between the treatment

period and recurrence, controlling for other variables.

Results. Overall, 363 (12 %) recurrences among 2996

cases were observed. Median follow-up for patients without

recurrence was 75 months (range 0–30 years); 732 patients

were followed for C10 years. The 5-year recurrence rate for

the period 1978–1998 was 13.6 versus 6.6 % for the period

1999–2010 [hazard ratio (HR) 0.62, p\ 0.0001]. Control-

ling for age, family history, presentation, nuclear grade,

necrosis, number of excisions, margin status, radiation, and

endocrine therapy, treatment period remained significantly

associated with recurrence, with later years associated with

a lower HR (0.74, p = 0.02) compared to earlier. After

stratification by radiation use, association of recurrence

with treatment period persisted in those treated without

radiation (HR 0.62, p = 0.003).

Conclusions. Recurrence rates for DCIS have fallen over

time, with increases in screen detection, negative margins,

and use of adjuvant therapies only partially explaining this

decrease. The unexplained decline persists in women not

receiving radiation, suggesting it is not due to changes in

radiation efficacy but may be due to improvements in

radiologic detection and pathologic assessment.

Ductal carcinoma in situ (DCIS) accounts for over 20 %

of all breast cancer diagnosed in the US annually.1 A

500 % increase in the incidence of DCIS between 1983 and

2003 was observed for women 50 years of age and older,

likely due to screening mammography.2

Reported recurrence rates for DCIS treated with breast-

conserving surgery (BCS) from four prospective randomized

trials of radiation range from 26 to 36 % for those treated

without radiation therapy, and from 9 to 23 % for those

treated with radiation at 13–20 years of follow-up.3–6 These

rates are higher than the 12-year ipsilateral breast tumor

recurrence rates of 5–8 % for node-negative invasive breast

cancer treated with radiation and systemic therapy.7

Local recurrence rates in early invasive cancer have

declined over time,8–11 which has been attributed, at least in

part, to advances in systemic therapy for invasive cancer.12

Temporal trends in DCIS recurrence are less well-

studied. In this current study, we sought to examine

changes in recurrence rates over time among women

treated with BCS for DCIS, and to explore the reasons for

the changes found.

MATERIALS AND METHODS

After obtaining Institutional Review Board approval,

we analyzed outcomes from a prospectively maintained

� Society of Surgical Oncology 2015

First Received: 13 April 2015;

Published Online: 28 July 2015

K. J. Van Zee, MS, MD, FACS

e-mail: vanzeek@mskcc.org

Ann Surg Oncol (2015) 22:3273–3281

DOI 10.1245/s10434-015-4740-8

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-015-4740-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-015-4740-8&amp;domain=pdf


database of DCIS patients undergoing BCS from 1978 to

2010 at the Memorial Sloan Kettering Cancer Center.

Synchronous (n = 30) or metachronous 77 (n = 29)

bilateral DCIS were entered as separate cases. Follow-up

was routinely obtained by yearly contact with the

patient, at follow-up clinician visits, or by mail, phone,

or e-mail.

Variables examined included age at diagnosis, meno-

pausal status (pre- or perimenopausal vs. postmenopausal),

family history (at least one first- or second-degree family

member with breast cancer), radiologic versus clinical pre-

sentation of DCIS, nuclear grade (non-high grade vs. high

grade), necrosis, number of excisions (B2 vs. C3), margin

status [positive or close (B2 mm) vs. negative ([2 mm)],

radiation, endocrine therapy, and year of definitive surgery.

An event was defined as ipsilateral breast recurrence of

DCIS or invasive cancer, ipsilateral regional recurrence in

the absence of breast recurrence, or distant recurrence in

the absence of locoregional recurrence or diagnosis of

other malignancy. Time to recurrence was defined as the

length of time between the last surgical excision and first

event. Kaplan–Meier curves were created to compare

recurrence rates by treatment period, and log-rank tests

were used to determine significance. Patient, pathological,

and treatment variables were compared between treatment

periods using v2 analysis. The Cochran–Armitage test was

used to test for trend in the proportion of women under-

going BCS versus mastectomy over time. Multivariable

Cox models were built to examine differences in recur-

rence rates over time, controlling for other variables.

Proportionality of hazards was checked for all Cox models

and found to be appropriate. Statistical analysis was per-

formed using SAS 9.2 (SAS Institute, Cary, NC, USA).

RESULTS

From 1978 to 2010, a total of 2996 cases of DCIS

treated with BCS were identified. Population characteris-

tics are shown in Table 1. Patients without recurrence were

followed for a median of 75 months (range 0–30 years);

732 were followed for at least 10 years. The median age of

the entire population, and for the cohorts from both the

early and late treatment periods, was 57 years (range 20–

92 years).

Among the 1374 patients who underwent BCS alone,

there were 223 recurrences, of which 117 were ipsilateral

breast recurrences of DCIS, 98 were invasive (91 ipsilateral

breast recurrences, two ipsilateral regional nodal recur-

rences, five ipsilateral breast and nodal recurrences), and 8

were ipsilateral breast recurrence of unknown type.

Among the 1588 patients who underwent BCS and

radiation, there were 140 recurrences, of which 75 were

ipsilateral breast recurrences of DCIS, 61 were invasive (56

ipsilateral breast recurrences, five ipsilateral breast and

nodal recurrences), three were ipsilateral breast recurrence

of unknown type, and there was a single case of distant

metastasis without ipsilateral locoregional recurrence or

diagnosis of other malignancy.

Recurrence Rates Over Time

Figure 1a shows recurrence rates by treatment period,

dividing the study interval into six treatment periods. A

significant decrease in recurrence rates over time was

observed (p = 0.001). The change over time appeared non-

linear, with an apparent break between the three earlier

intervals and the three later intervals; we therefore

dichotomized the treatment period into intervals of 1978–

1998 and 1999–2010 for further analysis. Figure 1b shows

a decline in 5-year recurrence rates from 13.6 % [95 %

confidence interval (CI) 11.3–16.3] in 1978–1998 to 6.6 %

(95 % CI 5.5–7.9) in 1999–2010 (p\ 0.0001), with a

hazard ratio (HR) of 0.62 (p\ 0.0001) in the later period

compared with the earlier period.

Change in Patient, Tumor, and Treatment Variables

Over Time

Patient, tumor, and treatment variables were compared

between the dichotomized treatment periods to identify

factors potentially contributing to the reduction in recur-

rence (Table 1).

For nearly all variables, there were more missing data

from the earlier time period. In the more recent time per-

iod, family history was more frequently recorded as

positive, patients more frequently presented as a result of

radiologic screening, nuclear grade was less frequently

rated as high, more women underwent at least three exci-

sions to enable breast conservation, close margins were less

frequent, and adjuvant radiation and endocrine therapies

were more commonly used. Age at diagnosis, menopausal

status, and the presence of necrosis did not change over

time.

Multivariable Analysis

Recurrence rates by treatment period were compared

using a multivariable model to control for known risk

factors and the factors that changed over time (Table 2).

Even after controlling for nine variables from Table 1, the

later time period was associated with a lower risk of

recurrence, with an HR of 0.74 compared with the earlier

period (p = 0.02). The persistent association of time period

with recurrence, even after controlling for other variables,
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TABLE 1 Characteristics of the entire population (n = 2996) and patients treated between 1978 and 1998, and 1999 and 2010

Characteristic Entire population (n = 2996) 1978–1998 (n = 785) 1999–2010 (n = 2211) p value*

N % N % N %

Age, years

B50 845 28.2 237 30.2 608 27.5 0.1

[50 2151 71.8 548 69.8 1603 72.5

Menopausal status

Pre/peri 1038 34.6 264 33.6 774 35.0 0.6

Post 1946 64.9 514 65.5 1432 64.8

Unknown 12 0.4 7 0.9 5 0.2

Family history

No 1816 60.6 501 63.8 1315 59.5 0.005

Yes 1136 37.9 261 33.2 875 39.6

Unknown 44 1.4 23 2.9 21 0.9

Presentation

Clinical 386 12.9 193 24.6 193 8.7 \0.0001

Radiologic 2606 86.9 588 74.9 2018 91.3

Unknown 4 0.1 4 0.5 0 0

Nuclear grade

Low/intermediate 1787 59.6 305 38.9 1482 67.0 \0.0001

High 994 33.2 294 37.5 700 31.7

Unknown 215 7.2 186 23.7 29 1.3

Necrosis

Absent 1029 34.3 239 30.4 790 35.7 0.7

Present 1802 60.1 431 54.9 1371 62.0

Unknown 165 5.5 115 14.6 50 2.3

Number of excisions

B2 2775 92.6 738 94.0 2037 92.1 0.04

C3 217 7.2 44 5.6 173 7.8

Unknown 4 0.1 3 0.4 1 0.04

Margin status

Positive/close (B2 mm) 553 18.5 185 23.6 368 16.6 \0.0001

Negative ([2 mm) 2235 74.6 440 56.1 1795 81.2

Unknown 208 6.9 160 20.4 48 2.2

Radiation therapy

No 1374 45.9 458 58.3 916 41.4 \0.0001

Yes 1588 53.0 310 39.5 1278 57.8

Unknown 34 1.1 17 2.2 17 0.8

Endocrine therapy

No 2321 77.4 642 81.8 1679 76.0 \0.0001

Yes 628 20.9 121 15.4 507 22.9

Unknown 47 1.7 22 2.8 25 1.1

Treatment period

1978–1998 785 26.2 785 100 –

1998–2010 2211 73.8 – 2211 100

* v2 test of difference between the early and later treatment periods
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indicates that increases in screen detection, negative mar-

gins, and use of radiation and endocrine therapies do not

fully explain the decrease in recurrence rates observed over

time.

Change in Recurrence Rates Over Time, Stratified by

Use of Radiation

To determine whether the unexplained decline in

recurrence occurred in patients treated with and without

radiotherapy, we fit multivariable models stratified by

radiation use (Table 3). This analysis demonstrated that the

decrease in recurrence rates over time, not accounted for by

change in other variables, was limited to the group not

receiving radiation (HR for treatment period 0.62,

p = 0.003), suggesting that improvement in radiation

efficacy is not the primary cause of the observed decrease

in recurrence rates.

Rates of Total Mastectomy Versus Breast-Conserving

Surgery for Ductal Carcinoma In Situ

We compared annual rates of BCS versus mastectomy

for DCIS at our institution from 1995 to 2010 to evaluate

the possibility that decreased recurrence rates were due to

selection bias. There was no significant change over time in

the percentage of patients undergoing mastectomy for

DCIS (40.1 % in 1995–1998 vs. 40.4 % in 1999–2010,

p = 0.85) (Fig. 2).

DISCUSSION

Several groups have reported decreasing locoregional

recurrence rates for invasive cancer.8–11 These improve-

ments are largely attributed to improved systemic

treatments, including chemotherapy, targeted anti-HER2

therapies, and endocrine therapies. In contrast, in DCIS, the

only proven systemic therapy is endocrine therapy; use of

endocrine therapy in DCIS is relatively low,13 suggesting

that a similar decline in rates of locoregional recurrence

might not have occurred.

We undertook this study to examine recurrence rates for

DCIS treated with BCS over 30 years at a single institu-

tion. Examination of outcomes from 2996 cases revealed

that recurrence rates significantly declined over time. We

identified a number of temporal trends in our population

which helped to explain this outcome.

Patients treated in later years more frequently presented

with radiologically detected DCIS, and screen-detected

DCIS is associated with lower rates of recurrence than cases

presenting clinically, likely due to a lower volume of dis-

ease.4,5,14 While it is likely that the pathologically measured

size of DCIS would have been smaller in later years, mea-

sured pathologic size was not available for the majority of

our cases. This is due to the difficulty of accurate mea-

surement of DCIS, which is generally not grossly visible.

Size measurements were also missing in the majority of

cases in the four prospective randomized trials.15 In the later

treatment period, an increased proportion of patients

underwent at least three surgical excisions, which may

reflect a greater effort to achieve margins[ 2 mm in the

later treatment period, as demonstrated by the decrease in

the proportion of women with close or positive margins. It is

likely this contributed to the observed decline in recurrence

rates as margin status is a known risk factor for local

recurrence.4–6 Alternatively, it may reflect greater comfort

with BCS for larger areas of DCIS in women who might

have been advised to undergo mastectomy in prior years.

Over the study period, the proportion of cases with high

nuclear grade fell from 49 % of those with known nuclear

grade to 32 %. A similar decrease in the proportion of

patients with high-grade DCIS was reported by Habel

et al.16 Although studies have shown that local recurrence

at 5 years is more common in patients with high-grade

DCIS, these differences do not persist with longer follow-

up.17,18 In our multivariable analysis, high nuclear grade

was not associated with local recurrence, similar to findings

in other studies with longer follow-up.17

We also found that patients treated in later years were

significantly more likely to receive adjuvant radiation.

Patients from the early years of this series were treated

prior to publication of the first randomized trial of radiation

for DCIS [the National Surgical Adjuvant Breast and

Bowel Project (NSABP) B-17] in 1993.19 The increasing

use of radiation over time is well documented.13,16,20

Baxter et al. and Zujewski et al. have reported increased

use of radiation for DCIS in the Surveillance, Epidemiol-

ogy, and End Results Program of the National Cancer

Institute (SEER) database.13,20 In the community setting,

Habel et al. also found an increase in the use of radiation

for the treatment of DCIS—from 25.8 % in 1990–1991 to

61.3 % in 2000–2001.16 Four prospective randomized

studies have been published with over 12 years of follow-

up, proving that radiation provides a durable reduction in

local recurrence rates of approximately 50 %.3–6 There-

fore, one clear reason for the observed decrease in

recurrence rate in our series is the increased use of

radiation.

FIG. 1 Proportion recurrence-free, by year of surgery for a six

treatment periods; b two treatment periods; c breast-conserving

surgery alone over two treatment periods; and d breast-conserving

surgery with radiation over two treatment periods. HR hazard ratio, �
indicates p value for difference compared with 1978–1990, �
indicates p value for difference compared with 1978–1998

c
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Use of endocrine therapy also increased significantly

over time, likely contributing to the decrease in recurrence

rates. NSABP B-24, first published in 1999, was the first

randomized study of tamoxifen use in women with DCIS

treated with radiation.21 As a result of that study, and the

UK/ANZ trial, the use of tamoxifen for DCIS

increased.3,13,21 Habel et al. noted an increase in tamoxifen

use from 2 % among those diagnosed in 1990–1991 to

34 % among those diagnosed in 2000–2001.16 Hiramatsu

et al. and Halasz et al. reported that none of 76 patients

treated prior to 1990 received endocrine therapy compared

with 126 of 246 patients treated from 2001 to 2007.22,23

After adjustment for all factors that changed over time,

including radiologic detection, negative margins, and use

of adjuvant radiation and endocrine therapies, all of which

clearly influence rates of recurrence, we found that the later

treatment period remained significantly associated with a

lower risk of recurrence. This suggests that factors not

included in our model contributed to the reduction in

recurrence risk. One possibility is improved efficacy of

adjuvant radiotherapy. However, after stratifying for use of

radiation, the unexplained decline in recurrence rate was

limited to those not receiving radiation, suggesting that

improvement in radiation efficacy is not responsible for the

observed decline in recurrence rates.

Others have also reported a decline in local recurrence

rates for DCIS treated with BCS. Halasz et al. compared

the results of a series of 246 women treated with BCS and

radiation from 2001 to 2007, with a median follow-up of

58 months (5-year recurrence rate, 0 %) with a series of 76

patients treated from 1976 to 1990, with a median follow-

up of 74 months (10-year recurrence rate, 15 %), and

TABLE 2 Multivariable Cox regression analysis of the association of the treatment period with recurrence in 2558 women with DCIS treated

with BCS, controlling for other factors

Variable N Events HR p value

Age

Continuous, per year 2558 297 0.977 \0.0001

Family history

No 1566 170 1.00 0.04

Yes 992 127 1.28

Presentation

Radiologic 2278 245 1.00 0.03

Clinical 280 52 1.40

Nuclear grade

Non-high 1630 183 1.00 0.8

High 928 114 1.03

Necrosis

Absent 879 90 1.00 0.01

Present 1679 207 1.43

Number of excisions

B2 2362 267 1.00 0.03

C3 196 30 1.56

Margin status

Positive/close (B2 mm) 507 76 1.00 0.02

Negative ([2 mm) 2051 221 0.72

Radiation therapy

No 1111 181 1.00 \0.0001

Yes 1447 116 0.40

Endocrine therapy

No 1989 259 1.00 0.0002

Yes 569 38 0.52

Treatment period

1978–1998 514 129 1.00 0.02

1999–2010 2044 168 0.74

N = 2558 due to missing data in 438 patients

DCIS ductal carcinoma in situ, BCS breast-conserving surgery, HR hazard ratio

3278 P. Subhedar et al.



concluded that recurrence rates had significantly improved

in the modern era of mammographic detection and careful

attention to margins.22,23 Similarly, Habel et al. reported a

reduction in the 5-year local recurrence rate from 14.3 to

7.7 % in patients diagnosed in 1990–1991 compared with

those diagnosed in 1998–1999.16 Similar to our observa-

tion, these investigators found that even after adjustment

for adjuvant radiation and endocrine therapy use, there

remained a reduced risk of recurrence in the later years.

They also noted an increase in the frequency of negative

margins and non-high-grade DCIS. These factors were not

included in their multivariable model, and they hypothe-

sized that the increase in negative margins and non-high-

grade DCIS contributed to the decreased recurrence rates.

However, in our analysis, even after inclusion of these

factors in a multivariable model, treatment period remained

significantly associated with a reduced recurrence risk.

Factors potentially responsible for the improved out-

comes we observed and which we were unable to study

include improvements in breast imaging and pathologic

evaluation. Digital mammography, compared with film

screen, is better able to detect faint microcalcifica-

tions,24–27 which may lead to earlier detection and to more

complete excision of DCIS lesions, thereby improving

recurrence rates.

Pathologic assessment of DCIS has changed over time,

with an increased number of slides examined per case as

well as standardized reporting with regard to extent of

disease and margin status.28–30 The report of a negative

margin in more recent years, after a more intensive

pathologic examination, may indicate a lower burden of

residual disease and result in lower recurrence rates.

Our findings have important implications for patients

being treated in the modern era. The meta-analysis of the

TABLE 3 Multivariable Cox regression analysis of the association of the treatment period with recurrence, stratified by use of radiation in 2558

women with DCIS treated with BCS, controlling for other factors

Variable No radiation (N = 1111)a Radiation (N = 1447)a

N Events HR p value N Events HR p value

Age

Continuous, per year 1111 181 0.984 0.007 1447 116 0.960 \0.0001

Family history

No 679 102 1.00 887 68 1.00 0.2

Yes 432 79 1.31 0.08 560 48 1.28

Presentation

Radiologic 980 148 1.00 1298 97 1.00 0.5

Clinical 131 33 1.50 0.04 149 19 1.21

Nuclear grade

Non-high 868 129 1.00 762 54 1.00 0.9

High 243 52 1.04 0.8 685 62 1.02

Necrosis

Absent 550 68 1.00 329 22 1.00 0.7

Present 561 113 1.54 0.01 1118 94 1.10

Number of excisions

B2 1072 167 1.00 1290 100 1.00 0.5

C3 39 14 2.11 0.009 157 16 1.18

Margin status

Positive/close (B2 mm) 194 46 1.00 313 30 1.00 0.9

Negative ([2 mm) 917 135 0.58 0.001 1134 86 1.00

Endocrine therapy

No 932 161 1.00 1057 98 1.00 0.002

Yes 179 20 0.57 0.02 390 18 0.45

Treatment period

1978–1998 294 89 1.00 220 40 1.00 0.6

1999–2010 817 92 0.62 0.003 1227 76 1.13

a Numbers do not sum to 2996 due to missing data in 438 patients

DCIS ductal carcinoma in situ, BCS breast-conserving surgery, HR hazard ratio
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four randomized trials of BCS with and without radiation

for DCIS reported a 5-year ipsilateral recurrence rate of

18 % in patients undergoing BCS alone.15 These trials

began between 1985 and 1990. Our results suggest that

current rates of local recurrence are substantially lower.

Newer prospective studies support this contention, albeit in

favorable subsets of patients.

McCormick et al. reported 5-year recurrence rates of

0.4 % among those randomized to radiation, and 3.5 %

among those randomized to no radiation, in selected low-

risk women with DCIS treated from 1999 to 2006.31 Two

single-arm prospective studies have evaluated BCS without

radiation for selected women treated in a more recent time

period. Both required B2.5 cm of DCIS and widely nega-

tive inked margins. Wong et al. accrued patients between

1995 and 2002, and reported 5-year recurrence rates of

9.8 %.32 Hughes et al. accrued patients from 1997 to 2002

and reported 5-year recurrence rates of 6.1 % for low/in-

termediate-grade DCIS, and 15.3 % for high-grade

DCIS.18

Although they represent selected populations, these rates

are reassuringly lower than those from the first four ran-

domized trials, and are consistent with our finding that

recurrence rates have declined. The lower recurrence risk

estimate for patients treated in recent years can be critical

when counseling patients, especially in this era of increased

use of uni- and bilateral mastectomy.33,34 An online risk

estimation tool, which incorporates various factors, includ-

ing year of treatment, has been validated in independent

populations and may be helpful for patients and clinicians in

weighing various treatment options and in obtaining more

current and individualized risk estimates (http://nomograms.

mskcc.org/Breast/DuctalCarcinomaInSituRecurrencePage.

aspx).35–39

CONCLUSIONS

Recurrence rates after BCS for DCIS have declined over

time. The increased proportion of patients with screen-

detected DCIS, negative margins, and the increased use of

radiation and endocrine therapies, only partly explains

decreased recurrence rates. Advances in digital mammog-

raphy and improvements in pathological assessment likely

result in earlier detection and more complete resection, and

thereby contribute to the reduction in recurrences seen in

recent years. The expected recurrence rate for a woman

treated today may be lower than that seen in the prospec-

tive randomized trials that began decades ago. This has

implications for patient decision making, especially in

view of the marked increase in recent years of the number

of women choosing unilateral or bilateral mastectomy for

treatment of their DCIS.
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