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ABSTRACT
Background. Overdiagnosis and overtreatment of ductal
carcinoma in situ (DCIS) are concerns, especially for
women with low-volume, screen-detected DCIS. This
study aimed to evaluate the outcomes for such patients.
Methods. Women who had minimal-volume DCIS
(mDCIS, defined as DCIS diagnosed by core biopsy but
with no residual disease on the surgical excision) treated
with breast-conserving surgery from 1990 to 2011 were
identified. Ipsilateral and contralateral breast events (IBE
and CBE) were compared by competing-risk (CR) analysis.
Kaplan–Meier (KM) estimates and log-rank tests were used
to evaluate covariates.
Results. The study identified 290 cases of mDCIS. The
median age of the patients was 53 years. Radiation therapy
(RT) was performed for 27.6% and endocrine therapy for
16.2% of the patients. The median follow-up period was
6.8 years. Overall, the IBE rates were 4.3% at 5 years and
12.3% at 10 years. Among the women not receiving RT,
the 5- and 10-year IBE rates (5.4 and 14.5%) were higher
than the CBE rates (1.8 and 2.7%). Among those receiving
RT, the IBE rates (1.5 and 6.0%) were lower than the CBE
rates (4.1 and 15.6%). The women receiving RT trended
toward significantly lower IBE rates (p = 0.07). Age, grade,
and endocrine therapy were not significantly associated
with IBE risk.
Conclusions. Among the patients with mDCIS who did
not receive RT, the IBE risk was substantially higher
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than the CBE risk, demonstrating that even DCIS of very
low volume is associated with clinically relevant disease.
The finding that the IBE risk was greater than the CBE
risk supports current strategies that treat DCIS as a
precursor rather than a risk marker. Women with mDCIS
are not at negligible risk for IBE in the absence of
adjuvant therapy.

With the widespread adoption of screening mammography, ductal carcinoma in situ (DCIS) incidence has
increased dramatically during the last 30 years, and currently accounts for 20% of all newly diagnosed breast
cancers in the United States.1 Due to advances in screening, DCIS is diagnosed not only more frequently, but also
at smaller volumes.
For even very-low-volume DCIS, the standard treatment
options are excision alone, excision with adjuvant radiation
or endocrine therapy or both, and mastectomy. Although
all the options result in excellent survival, the marked
increase in diagnosis of DCIS of ever smaller volumes has
raised concerns about both overdiagnosis and overtreatment. Thus, efforts have been made to identify subgroups
of women with DCIS for whom excision alone is adequate.2–4 Furthermore, clinical trials to evaluate DCIS
outcomes managed with observation alone and no surgical
excision are currently underway.5–7
Patients with minimal-volume DCIS (mDCIS), defined
as disease completely excised by core biopsy, may represent a group at low risk for local recurrence after breastconserving surgery (BCS), and their minimal-volume disease should possibly be considered a breast cancer risk
factor rather than a true precursor lesion.
We hypothesized that patients with mDCIS who
undergo BCS and no adjuvant therapy have a very low
local recurrence risk, such that the risk of breast events in
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the ipsilateral and contralateral breast is similar. We also
evaluated the association of other clinical, pathologic, and
treatment factors with ipsilateral events in these patients.
METHODS
After institutional review board approval, patients with
mDCIS, defined as DCIS diagnosed by core biopsy with no
residual disease at the time of surgical excision, who
underwent BCS from 1990 to 2011 at Memorial Sloan
Kettering Cancer Center were identified from a prospectively maintained database.
The variables examined were age, family history (C1
first- or second-degree family member with breast cancer),
nuclear grade (low vs intermediate/high), and use of
adjuvant radiation therapy (RT) or endocrine therapy.
Patients with markedly atypical ductal hyperplasia (ADH)
bordering on or focally reaching DCIS (borderline lesions,
n = 58) were included in the low-nuclear-grade category, as
we could not definitively conclude that these lesions were
not DCIS. Women were treated according to clinical
judgment and patient preference; therefore it is likely that
those judged to be at higher risk of recurrence more frequently received adjuvant therapies.
The patients were stratified by receipt of radiation.
Correlations between receipt of RT and other patient
characteristics were assessed using the chi-square test.
An event was defined as any subsequent ipsilateral local
breast event (IBE) or contralateral breast event (CBE). A
diagnosis of either DCIS or invasive cancer was considered
an event. The time to the event was defined as the interval
between the date of surgical excision and the first event.
Kaplan–Meier IBE estimates were calculated for the
entire population of women with mDCIS by age, family
history, nuclear grade, and adjuvant therapies. To avoid
any potential bias related to inclusion of patients with
borderline lesions, Kaplan–Meier IBE estimates were
repeated, excluding the 58 borderline patients, and reported
separately. Differences were assessed using the log-rank
test.
Competing-risk analysis was used to evaluate the risk of
IBE compared with CBE.8 In this analysis, the endpoint
was defined as the time interval from mDCIS BCS to the
first event, either IBE or CBE. One patient had both an IBE
and a CBE. The IBE occurred first and was therefore
counted as an IBE for the competing-risk analysis.
The patients were censored at the date of mastectomy if
it was performed after the initial BCS but before the
development of any subsequent diagnosis of IBE or CBE.
All analyses were performed using SAS v9.4 and R
v3.1.1. All p values lower than 0.05 were considered statistically significant.
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RESULTS
From 1990 to 2011, among 3130 patients treated with
BCS for DCIS, 290 cases of mDCIS were identified and
constituted our study population. The median age of the
patients was 53 years (range 26–86 years). Of the 290
patients, 80 (27.6%) received RT, and 47 (16.2%) received
endocrine therapy. The characteristics of the entire population and the subsets that did and did not receive RT are
summarized in Table 1. Those who received RT were more
likely to have intermediate- or high-grade DCIS (p \
0.0001) and also more likely to receive adjuvant endocrine
therapy (p = 0.03).
The median follow-up period was 6.8 years (range
0.02–23.8 years), with 65 patients followed for at least
10 years. An IBE occurred for 25 patients, of whom 8 had
invasive cancer and 17 had DCIS. Seven of eight invasive IBEs
were invasive ductal carcinoma. The diagnosis of the remaining
IBE was unknown. The median time to invasive IBE was
78 months (range 13–138 months). Among the women
receiving RT, three IBEs occurred, all of which were DCIS.
For the entire population of mDCIS patients, the Kaplan–
Meier IBE rates were 4.3% at 5 years and 12.3% at 10 years
(Fig. 1a). Age (p = 0.44) and nuclear grade (p = 0.78) were
not significantly associated with IBE (Fig. 1b, c). Those who
received RT trended toward a lower risk of IBE (p = 0.07),
with a 10-year IBE rate of 6.5% compared with 14.7% for
those not receiving RT (Fig. 1d). Only 47 women received
endocrine therapy. The rate of IBE was not significantly
lower in this small group (Fig. 1e). For the women who did
not receive either adjuvant therapy (n = 178), the IBE rates
were 5.7% at 5 years and 15% at 10 years. In contrast, none
of the 19 women who received both RT and endocrine
therapy experienced an IBE (Fig. 1f).
Excluding the 58 patients with borderline lesions, the IBE
rate was 3.8% at 5 years and 12% at 10 years. Similar to the
findings in the entire population, age (p = 0.43) and nuclear
grade (p = 1.0) were not associated with IBE, whereas RT
use trended toward a lower 10-year IBE rate (RT, 6.7% vs.
no RT, 14.9%; p = 0.08). In the subset with borderline
lesions excluded, the 10-year IBE rate was 7.4% with
endocrine therapy and 13% without endocrine therapy (p =
0.53). Among those not receiving either adjuvant therapy
(n = 124), the 10-year IBE rate was 14.7%. No woman with
a borderline lesion received both RT and endocrine therapy.
Because women with intermediate or high-grade
mDCIS more frequently received RT, we estimated IBE
rates by nuclear grade after stratification by receipt of RT.
Among those not receiving RT, 5- and 10-year rates of IBE
were 4.3% and 13.9% for low grade (of whom over half
were patients with borderline lesions), and 5.8% and 16.1%
for intermediate/high-grade mDCIS (p = 0.6).
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TABLE 1 Characteristics of the entire population of women with minimal-volume ductal carcinoma in situ (DCIS) stratified by receipt of
radiation
Entire population
(n = 290) n (%)

No radiation
(n = 207)a n (%)

Radiation
(n = 80)a n (%)

108 (37)

77 (37)

31 (39)

182 (63)

130 (63)

49 (61)

No

171 (59)

128 (62)

42 (52)

Yes

118 (40)

78 (37)

38 (48)

Unknown

1 (1)

1 (1)

0 (0)

122 (42)

107 (52)

14 (17)

Characteristic
Age (years)
B49
C50
Family history

0.8

0.1

\0.0001

Nuclear grade
Lowc
Intermediate/high

158 (55)

94 (45)

63 (79)

Unknown

10 (3)

6 (3)

3 (4)

No

207 (71)

207 (100)

–

Yes

80 (28)

–

80 (100)

Unknown

3 (1)

–

–

No

240 (83)

178 (86)

61 (76)

Yes
Unknown

47 (16)
3 (1)

27 (13)
2 (1)

19 (24)
0 (0)

Radiation therapy

–

Endocrine therapy

a

p Valueb

0.03

Numbers do not sum up to 290 because for 3 women, receipt of radiation was unknown

b

Chi-square test for correlation between receipt of radiation and other characteristics

c

Low-nuclear grade includes markedly atypical ductal hyperplasia bordering on or focally reaching DCIS (n = 58)

A CBE occurred for 13 patients (10 invasive and 3
DCIS). Of 10 invasive CBEs, 9 were invasive ductal
events, and 1 was an invasive lobular event. Among the 80
patients who received RT, 6 had invasive and 2 had DCIS
CBE. Among the 207 patients not receiving RT, 4 had
invasive and 1 had DCIS CBE. The median time to invasive CBE was 60 months (range 12–231 months). For the
entire population, the Kaplan–Meier CBE rate was 2.5% at
5 years and 6.8% at 10 years.
Competing-risk analysis of IBE and CBE was performed. Among all the women with mDCIS, the
cumulative incidence of IBE was higher than that of CBE
(Fig. 2a). Among those not receiving RT, the risk for IBE
was higher than the risk for CBE, whereas among those
receiving RT, IBE was less frequent than CBE (Fig. 2b, c).
Endocrine therapy reduced the incidence of both ipsilateral
and contralateral breast events (Fig. 2d, e).

DISCUSSION
The optimal management of women with screen-detected DCIS remains controversial. Although randomized
trials have shown that both adjuvant RT and endocrine

therapy reduce local recurrence risk, neither has been
shown to affect survival.9–13 Additionally, each has
potential morbidities. Whereas RT can increase cardiovascular morbidity and the risk of rare malignancies,
endocrine therapy can cause vasomotor symptoms and an
increased risk of thromboembolic events, endometrial
cancer, arthralgias, or osteopenia, all of which raise concerns regarding overtreatment for DCIS.14–20 Despite
evidence from prospective studies that local recurrence
rates after excision alone for select patients with DCIS are
lower than in mature randomized trials,2–4 identifying a
subset of women with minimal risk of recurrence after
surgical excision who do not benefit from adjuvant RT
remains an unmet goal.
We hypothesized that patients with mDCIS (diagnosed
at core biopsy with no residual disease at surgical excision)
are at minimal risk of local recurrence after excision alone,
and therefore garner minimal benefit from adjuvant therapy. Furthermore, we postulated that mDCIS may behave
more like a risk factor for the development of breast cancer
because the distinction between DCIS and ADH at small
volumes (\2 mm) remains a diagnostic challenge.21
Results from 290 women with mDCIS did not support
our hypothesis. Specifically, among the 178 who received
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b FIG. 1 Ipsilateral breast events for women with minimal-volume

DCIS. a The entire population, b by age, c by nuclear grade, d by
receipt of radiation, e by receipt of endocrine therapy, and f by receipt
of both radiation and endocrine therapy or neither

no adjuvant therapy, the 10-year Kaplan–Meier rate of IBE
was 15%, similar to the 10-year local recurrence rate of
15.6% reported by Wong et al.2 and the 12-year local
recurrence rate of 14.4% reported by Solin et al.3 in their
modern prospective studies of excision alone for patients
with low-risk, non–high-grade DCIS measuring 2.5 cm or
smaller. This not-insignificant IBE rate observed in our
patient population suggests the any volume of DCIS in the
breast should be considered as clinically relevant disease.
Receipt of adjuvant therapy in this patient population
was at the discretion of the treating physician and patient,
and therefore reflects the perception of recurrence risk. For
example, women with intermediate- or high-grade DCIS
were much more likely to receive radiation (Table 1).
Therefore, for this population, in which the use of radiation
was not randomly assigned and the subset receiving RT
had a higher risk of recurrence, the comparison of the RT
and no-RT subsets underestimated the risk reduction due to
radiation. The fact that the RT subset had a nearly significant lower rate of IBE although the patients were
presumably at higher risk of recurrence demonstrates that
even women with mDCIS experience a benefit from
adjuvant RT. This is consistent with recent data from
RTOG 9804 showing that for women with ‘‘good-risk’’
DCIS (defined as screen-detected, low- to intermediategrade DCIS measuring \2.5 cm with C3-mm margins),
randomization to adjuvant radiation resulted in a marked
decrease in the 7-year local failure rate (6.7% without RT,
0.9% with RT; p \ 0.001).4 Our observation that RT was
associated with a lower IBE risk is strengthened by our
comparison of IBE and CBE, which used each patient as
her own ‘‘control.’’ Among the women not receiving RT,
IBE was greater than CBE, but among the women
receiving RT, IBE was less frequent than CBE, suggesting
that RT effectively reduces excess ipsilateral risk associated with mDCIS.
Not only have there been efforts to find DCIS subsets
that do not benefit from adjuvant therapies, but there have
also been recent arguments that select patients with nonhigh-grade DCIS should not be treated at all, as the possibility of progression to invasive carcinoma in these
patients is uncertain. Currently, multiple randomized trials
are evaluating active surveillance for women with low-risk
DCIS.5–7 The LORIS trial is studying the safety of observation alone for women with screen-detected non–highgrade DCIS diagnosed by core biopsy alone without subsequent excision. Its primary end point is the difference in
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invasive breast cancer-free survival at 5 years between
women treated with observation alone compared those who
undergo standard surgical excision with and without
adjuvant therapies.6 The Low-Risk DCIS (LORD) trial is
similar to LORIS but limited to women with low-grade
lesions.5 In the United States, the Comparison of Operative
Versus Medical Endocrine Therapy for Low-Risk DCIS
(COMET) trial compares standard operative treatment with
nonsurgical management but encourages the use of endocrine therapy in the nonoperative arm of the study.7 Such
non-operative management should not be attempted outside of a clinical trial. Recent work by Pilewskie et al.
showed that among women with DCIS who met LORIS
eligibility requirements on core biopsy, 20% had invasive
cancer found in the surgical excision specimen that was
heterogeneous in grade, size, and receptor status.22 Furthermore, among women with DCIS who continued to
meet LORIS criteria even after examination of the complete surgical excision specimen, the 10-year IBE rate was
a substantial 12.1%.23
Our current data show that the risk of IBE was clinically
significant at 10 years in our entire population of women
with very low-volume DCIS (IBE rate, 12.3%), in the
subset of women 50 years of age or older (IBE rate,
12.6%), and in the subset of women with low-grade DCIS
including cases borderline between ADH and DCIS (IBE
rate, 14.6%). The 10-year IBE rate was 14.7% among our
207 mDCIS patients not receiving radiation, all of whom
underwent surgical excision demonstrating complete DCIS
removal by the core biopsy, and 13.9% in the subset with
low-grade DCIS. All these findings suggest that identification of women with DCIS that can be observed without
excision who will have minimal risk of subsequent IBE has
not been achieved.
In our study population, we included 58 cases with a
diagnosis of ‘‘markedly atypical ductal hyperplasia bordering on or focally reaching DCIS.’’ These borderline
lesions have been well studied and shown to defy clear
categorization by expert breast pathologists even when
they have been carefully instructed on diagnostic criteria
and even in the modern era.24–26 We recently examined the
outcomes of all such borderline lesions treated at our
institution from 1997 to 201027 and found that the 5-year
rate of subsequent IBE for patients with borderline lesions
was 7.7% versus 7.2% for those with clear DCIS (p = 0.80),
and that the 5-year invasive IBE rate was 6.5% among
those with borderline lesions and 2.8% for those with clear
DCIS (p = 0.25), further suggesting that even these verylow-grade lesions have potential risk.
In the current analysis, all cases diagnosed as borderline
between ADH and DCIS on core biopsy, but in which no
residual lesion was found at excision, were included
because at least some expert breast pathologists would
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b FIG. 2 Competing risk cumulative incidence of ipsilateral and

contralateral breast events among women with minimal-volume
ductal carcinoma in situ (DCIS) in a the entire population of women
with minimal-volume DCIS, and women with minimal-volume DCIS
receiving b no radiation, c radiation, d no endocrine therapy, or
e endocrine therapy

classify them as DCIS, and we did not want to bias our
population by excluding these cases presumably at low risk
for subsequent IBE. To provide clarity, we repeated the
IBE analysis in the subset created by excluding these
borderline lesions and found no substantial change in our
results.
We also compared IBE rates with CBE rates, reasoning
that the contralateral breast should have the same risk as the
ipsilateral breast if mDCIS has greater similarity to a breast
cancer risk factor than to a precursor. However, we found
that among those not receiving RT, the ipsilateral risk was
much higher than the contralateral risk (14.5 vs 2.7% at
10 years), supporting the current strategy of treating even
mDCIS as a precursor lesion rather than a risk factor.
Although relatively few invasive events occurred, some
might argue that because the numbers of invasive IBEs and
CBEs were similar, this provides evidence that DCIS is
simply a bilateral risk marker. However, this argument is
specious because we know that at least some DCIS lesions
progress to invasive cancer, and in our population, the
entire index mDCIS lesion was completely excised with
widely clear margins. Furthermore, among those not
receiving RT, the number of invasive IBEs was double that
of invasive CBEs, whereas those receiving RT had no
invasive IBE compared with six invasive CBEs. These data
further support the conclusion that even mDCIS should be
considered a precursor lesion.
Our analysis was retrospective, with all its associated
limitations. The relatively small population with few
events precluded multivariable analysis. However, to our
knowledge, the current series is the only study reporting
outcomes for mDCIS. Furthermore, the data were obtained
from a robust, prospectively maintained database including
detailed clinicopathologic data and ongoing follow-up
information.
Finally, the observed risks of IBE in our population
potentially provide conservative estimates for IBE after
BCS for mDCIS due to inclusion of cases borderline
between ADH and DCIS, which would be expected to bias
our results toward a lower rate of IBE. This concern was
addressed by repeating the IBE analysis with exclusion of
all borderline lesions that demonstrated similar findings.
There has been great interest in exploring less-aggressive treatment for DCIS, both by omitting further adjuvant
therapy after excision, whether radiation or endocrine
therapy, and, most recently, by exploring elimination of
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surgery altogether for DCIS. However, our data further
support the literature showing that no subsets of women
with DCIS have been identified who have minimal risk of
IBE or for whom adjuvant radiation does not lower IBE.
Furthermore, our finding that IBE risk is greater than CBE
risk supports the current standard strategy of treating DCIS
as a precursor rather than a marker of risk.
The optimal approach for a woman with DCIS should
include thorough discussion of the various treatment
options, and the pros and cons of each option. A publicly
available risk-estimation model (at www.nomograms.org)
has been validated in at least five independent patient
populations and provides an individualized risk estimate.28–33 The risks and benefits of the various
management options can then be weighed by the individual
patient and her clinician, according to her values, with the
goal of choosing the optimal treatment strategy.

CONCLUSIONS
Women with mDCIS completely removed at core
biopsy and for whom surgical excision demonstrates no
residual disease have a substantial risk of subsequent IBE
that is higher than their risk in the contralateral breast,
demonstrating that even very-low-volume DCIS is associated with clinically relevant disease. The finding that IBE
risk is greater than CBE risk lends support to current
strategies that treat DCIS as a precursor rather than a risk
marker. In the current study, the women with mDCIS
receiving RT experienced a lower risk of IBE than CBE,
suggesting that RT effectively reduces the excess ipsilateral risk associated with mDCIS. These findings should be
incorporated into the discussion weighing the pros and cons
of the various management options for an individual
woman with mDCIS.
ACKNOWLEDGEMENTS The preparation of this manuscript
was supported by NIH/NCI Cancer Center Support Grant no. P30
CA008748.
DISCLOSURE

There are no conflicts of interest.

REFERENCES
1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA
Cancer J Clin. 2017;67:7–30.
2. Wong JS, Chen YH, Gadd MA, Gelman R, Lester SC, Schnitt SJ,
et al. Eight-year update of a prospective study of wide excision
alone for small low- or intermediate-grade ductal carcinoma
in situ (DCIS). Breast Cancer Res Treat. 2014;143:343–50.
3. Solin LJ, Gray R, Hughes LL, Wood WC, Lowen MA, Badve SS,
et al. Surgical excision without radiation for ductal carcinoma
in situ of the breast: 12-year results from the ECOG-ACRIN
E5194 study. J Clin Oncol. 2015;33:3938–44.

Outcomes After Minimal-Volume DCIS Excision
4. McCormick B, Winter K, Hudis C, Kuerer HM, Rakovitch E,
Smith BL, et al. RTOG 9804: a prospective randomized trial for
good-risk ductal carcinoma in situ comparing radiotherapy with
observation. J Clin Oncol. 2015;33:709–15.
5. Elshof LE, Tryfonidis K, Slaets L, van Leeuwen-Stok AE,
Skinner VP, Dif N, et al. Feasibility of a prospective, randomised,
open-label, international multicentre, phase III, non-inferiority
trial to assess the safety of active surveillance for low risk ductal
carcinoma in situ: The LORD study. Eur J Cancer. 2015;51:
1497–510.
6. Francis A, Thomas J, Fallowfield L, Wallis M, Bartlett JM,
Brookes C, et al. Addressing overtreatment of screen detected
DCIS; the LORIS trial. Eur J Cancer. 2015;51:2296–303.
7. The Alliance for Clinical Trials In Oncology Foundation (principal investigator: Hwang S). Comparison of Operative Versus
Medical Endocrine Therapy for Low-Risk DCIS: The COMET
Trial. 2016. Retrieved 10 February 2017. http://www.pcori.
org/research-results/2016/comparison-operative-versus-medicalendocrine-therapy-low-risk-dcis-comet.
8. Gray RJ. A class of K-sample tests for comparing the cumulative
incidence of a competing risk. Ann Stat. 1988;16:1141–54.
9. Early Breast Cancer Trialists’ Collaborative G, Correa C, McGale
P, Taylor C, Wang Y, Clarke M, et al. Overview of the randomized trials of radiotherapy in ductal carcinoma in situ of the
breast. J Natl Cancer Inst Monogr. 2010;2010:162–77.
10. Wapnir IL, Dignam JJ, Fisher B, Mamounas EP, Anderson SJ,
Julian TB, et al. Long-term outcomes of invasive ipsilateral
breast tumor recurrences after lumpectomy in NSABP B-17 and
B-24 randomized clinical trials for DCIS. J Natl Cancer Inst.
2011;103:478–88.
11. Cuzick J, Sestak I, Pinder SE, Ellis IO, Forsyth S, Bundred NJ,
et al. Effect of tamoxifen and radiotherapy in women with locally
excised ductal carcinoma in situ: long-term results from the UK/
ANZ DCIS trial. Lancet Oncol. 2011;12:21–9.
12. Donker M, Litiere S, Werutsky G, Julien JP, Fentiman IS, Agresti
R, et al. Breast-conserving treatment with or without radiotherapy
in ductal carcinoma in situ: 15-year recurrence rates and outcome
after a recurrence, from the EORTC 10853 randomized phase III
trial. J Clin Oncol. 2013;31:4054–9.
13. Warnberg F, Garmo H, Emdin S, Hedberg V, Adwall L, Sandelin
K, et al. Effect of radiotherapy after breast-conserving surgery for
ductal carcinoma in situ: 20 years follow-up in the randomized
SweDCIS Trial. J Clin Oncol. 2014;32:3613–8.
14. Roychoudhuri R, Robinson D, Putcha V, Cuzick J, Darby S,
Moller H. Increased cardiovascular mortality more than fifteen
years after radiotherapy for breast cancer: a population-based
study. BMC Cancer. 2007;7:9.
15. Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U,
Bronnum D, et al. Risk of ischemic heart disease in women after
radiotherapy for breast cancer. N Engl J Med. 2013;368:987–98.
16. Henson KE, McGale P, Taylor C, Darby SC. Radiation-related
mortality from heart disease and lung cancer more than 20 years
after radiotherapy for breast cancer. Br J Cancer. 2013;108:
179–82.
17. Prochazka M, Hall P, Gagliardi G, Granath F, Nilsson BN,
Shields PG, et al. Ionizing radiation and tobacco use increases the
risk of a subsequent lung carcinoma in women with breast cancer:
case-only design. J Clin Oncol. 2005;23:7467–74.
18. Grantzau T, Mellemkjaer L, Overgaard J. Second primary cancers after adjuvant radiotherapy in early breast cancer patients: a
national population-based study under the Danish Breast Cancer
Cooperative Group (DBCG). Radiother Oncol. 2013;106:42–9.
19. Fisher B, Costantino JP, Wickerham DL, Cecchini RS, Cronin
WM, Robidoux A, et al. Tamoxifen for the prevention of breast
cancer: current status of the National Surgical Adjuvant Breast

3895

20.

21.
22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

and Bowel Project P-1 study. J Natl Cancer Inst. 2005;97:
1652–62.
Ganz PA, Cecchini RS, Julian TB, Margolese RG, Costantino JP,
Vallow LA, et al. Patient-reported outcomes with anastrozole
versus tamoxifen for postmenopausal patients with ductal carcinoma in situ treated with lumpectomy plus radiotherapy (NSABP
B-35): a randomised, double-blind, phase 3 clinical trial. Lancet.
2016;387:857–65.
Masood S, Rosa M. Borderline breast lesions: diagnostic challenges and clinical implications. Adv Anat Pathol. 2011;18:190–8.
Pilewskie M, Stempel M, Rosenfeld H, Eaton A, Van Zee KJ. Do
LORIS trial eligibility criteria identify a ductal carcinoma in situ
patient population at low risk of upgrade to invasive carcinoma?
Ann Surg Oncol. 2016;23:3487–93.
Pilewskie M, Olcese C, Patil S, Van Zee KJ. Women with lowrisk DCIS eligible for the LORIS trial after complete surgical
excision: how low is their risk after standard therapy? Ann Surg
Oncol. 2016;23:4253–61.
Rosai J. Borderline epithelial lesions of the breast. Am J Surg
Pathol. 1991;15:209–21.
Schnitt SJ, Connolly JL, Tavassoli FA, Fechner RE, Kempson
RL, Gelman R, Page DL. Interobserver reproducibility in the
diagnosis of ductal proliferative breast lesions using standardized
criteria. Am J Surg Pathol. 1992;16:1133–43.
Tozbikian G, Brogi E, Vallejo CE, Giri D, Murray M, Catalano J,
et al. Atypical ductal hyperplasia bordering on ductal carcinoma
in situ. Int J Surg Pathol. 2017;25:100–7.
Choi DX, Eaton AA, Olcese C, Patil S, Morrow M, Van Zee KJ.
Blurry boundaries: do epithelial borderline lesions of the breast
and ductal carcinoma in situ have similar rates of subsequent
invasive cancer? Ann Surg Oncol. 2013;20:1302–10.
Rudloff U, Jacks LM, Goldberg JI, Wynveen CA, Brogi E, Patil
S, Van Zee KJ. Nomogram for predicting the risk of local
recurrence after breast-conserving surgery for ductal carcinoma
in situ. J Clin Oncol. 2010;28:3762–9.
Sweldens C, Peeters S, van Limbergen E, Janssen H, Laenen A,
Patil S, et al. Local relapse after breast-conserving therapy for
ductal carcinoma in situ: a European single-center experience and
external validation of the Memorial Sloan-Kettering Cancer
Center DCIS nomogram. Cancer J. 2014;20:1–7.
Collins LC, Achacoso N, Haque R, Nekhlyudov L, Quesenberry
CP Jr, Schnitt SJ, et al. Risk prediction for local breast cancer
recurrence among women with DCIS treated in a community
practice: a nested, case-control study. Ann Surg Oncol.
2015;22(Suppl 3):S502–8.
Wang F, Li H, Tan PH, Chua ET, Yeo RM, Lim FL, et al. Validation of a nomogram in the prediction of local recurrence risks
after conserving surgery for Asian women with ductal carcinoma
in situ of the breast. Clin Oncol R Coll Radiol. 2014;26:684–91.
Sedloev T, Vasileva M, Kundurzhiev T, Hadjieva T. Validation
of the Memorial Sloan-Kettering Cancer Center nomogram in the
prediction of local recurrence risks after conserving surgery for
Bulgarian women with DCIS of the breast. Conference Paper,
presented at the 2nd World Congress on Controversies in Breast
Cancer (CoBrCa), Barcelona, Spain, September 2016. Retrieved
22 March 2017 at https://www.researchgate.net/publication/312
232507_Validation_of_the_Memorial_Sloan-Kettering_Cancer_
Center_nomogram_in_the_prediction_of_local_recurrence_risks_
after_conserving_surgery_for_Bulgarian_women_with_DCIS_of_
the_breast.
Yi M, Meric-Bernstam F, Kuerer HM, Mittendorf EA, Bedrosian
I, Lucci A, et al. Evaluation of a breast cancer nomogram for
predicting risk of ipsilateral breast tumor recurrences in patients
with ductal carcinoma in situ after local excision. J Clin Oncol.
2012;30:600–7.

