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Abstract While ductal carcinoma in situ (DCIS) is sel-
dom life threatening, the management of DCIS remains a
dilemma for patients and their physicians. Aggressive
treatment reduces the risk of ipsilateral breast tumor
recurrence (IBTR), but has never been proven to improve
survival. There is interest in identifying the prognostic
factors for determining low-risk DCIS patients, but a
comprehensive review of high-quality evidence on tumor
characteristics in predicting local recurrence has never
been carried out. We examined the following tumor char-
acteristics: biomarkers, comedonecrosis, focality, surgical
margin, method of detection, tumor grade, and tumor size.
For this systematic review we restricted the analyses to the
results of subgroup analyses from randomized controlled
trials (RCTs) and multivariate analyses from RCTs and
observational studies. We identified 44 eligible articles.
The pooled random-effects risk estimates for IBTR
are comedonecrosis 1.71(95% CI, 1.36-2.16), focality
1.95(95% CI, 1.59-2.40), margin 2.25(95% CI, 1.77-2.86),
method of detection 1.35(95% CI, 1.12-1.62), tumor grade
1.81(95% CI, 1.53-2.13), and tumor size 1.63(95% CI,
1.30-2.06). Limited evidence indicated that women whose
DCIS is ER-negative, PR-negative, or HER2/neu receptor
positive have an IBTR higher than those whose DCIS is
ER-positive, PR-positive, and HER2/neu receptor negative.
A variety of tumor characteristics are significant predictors
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for IBTR. These results are important for both clinicians
and patients to interpret the risk of local recurrence and to
decide on a course of treatment.
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Introduction

The treatment for ductal carcinoma in situ (DCIS) ranges
from mastectomy to breast-conserving surgery (BCS) with
or without radiation and hormone therapy [1]. There is a
trade-off between treatments. Aggressive treatment usually
decreases the possibility of recurrence, but has difficult side
effects, ranging from those caused by radiation and/or
hormone therapy to the disfigurement caused by mastec-
tomy. Given that DCIS is a heterogeneous disease, the one-
size-fits-all approach to treatment seems inappropriate. As
tumor characteristics are routinely evaluated by the
pathologist, this information could provide valid predictors
for recurrence and could optimize treatment decisions [2].
The association between these factors and patient outcomes
has been reviewed before [3], but the research is somewhat
outdated.

The Minnesota Evidence-based Practice Center con-
ducted a systematic review to address the diagnosis and
management of DCIS in preparation for a National Insti-
tutes of Health Consensus Conference [4, 5]. We conducted
a comprehensive literature review of all published evidence
in order to analyze the incidence of DCIS [6], treatment
options [7], and the association between women, tumor
characteristics, and clinical outcomes [8]. For this review,
we focused on the association between tumor characteris-
tics and the risk of local recurrence. We hypothesized that
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tumor characteristics, including biomarkers, comedone-
crosis, focality, margin, method of detection, tumor grade,
and tumor size, are all associated with local recurrence in
women treated for DCIS, after controlling for other con-
tributing factors.

Methods
Literature review and quality assessment

We searched the PubMed database for studies of DCIS
published in English from January 1970 to February 2009.
The details of the search algorithm are described elsewhere
[9]. Using the same algorithm, we have updated the liter-
ature search to include July 2010 in order to find the latest
published and qualified studies. We included studies that
investigated the association between eligible outcomes
and patients characteristics, tumor characteristics, and/or
treatment strategies. We selected randomized controlled
trials (RCTs) and observational studies with more than 100
cases of DCIS. We did not exclude small studies which
investigated biomarkers for DCIS due to the limited pub-
lished research on biomedical markers. For the purpose of
this review, we restricted studies to RCTs that provided
subgroup data, or to any study applying multivariate
analyses. When an RCT reported subgroup data and per-
formed a multivariate analysis, the multivariate adjusted
risk estimate was chosen. If we found more than one study
from a particular institution, the results from the largest
sample size, the latest published articles, or the most
comprehensive models were used. We also included stud-
ies of any treatment for women with DCIS where the
results were adjusted for at least one other confounding
factor. From each eligible article, we recorded the risk
estimates for the following tumor characteristics: bio-
markers, comedonecrosis, focality, margin, method of
detection, tumor grade, and tumor size. In order to be
included, the study had to report ipsilateral breast tumor
recurrence (IBTR; either invasive cancer or DCIS recur-
rence), ipsilateral DCIS recurrence, or ipsilateral invasive
cancer recurrence. IBTR free intervals were not included in
this study.

We assessed the level of evidence following the Agency
for Healthcare Research and Quality guidelines for com-
parative effectiveness reviews, and the U.S. Preventive
Task Force criteria [10, 11]. We analyzed associations, not
cause, between tumor characteristics and IBTR. Our eval-
uation of the body of evidence defined high level of evi-
dence when further research is very unlikely to change our
confidence in the estimate of effect, moderate level of
evidence if further research is likely to have an important
impact on our confidence in the estimate of effect and may
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change the estimate, and low level of evidence if further
research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change
the estimate.

Statistical analysis

We calculated the IBTR odds ratio (OR) for each tumor
characteristic with a corresponding 95% confidence inter-
val from the RCT subgroup data, stratified into treatment
groups. Different arms from the same RCT, treated as
unique separated studies, were included in the pooled
analyses. We abstracted the multivariate adjusted relative
risk (RR), hazard ratio (HR), or OR from the RCTs and
observational studies. For simplicity, we will refer to them
as the risk estimate for all three types of measures [12]. The
logarithm of the risk estimate with its corresponding
standard error provided the data points for the meta-anal-
ysis [13]. We used a random-effects model to compute the
pooled risk estimates and assess the statistical heteroge-
neity [14]. We reported the overall results, as well as
those stratified by the RCTs and observational studies.
Meta-analyses were conducted using Stata statistical soft-
ware, version 11 (StataCorp, College Station, Texas). We
reported 95% confidence intervals (Cls). All statistical tests
were two-sided.

Results
Eligible studies

We analyzed 44 eligible articles including five RCTs (eight
articles) and 36 observational studies (Table 1) [15-58].
The subgroup data of three RCTs were analyzed because
tumor characteristics of interest were not included in their
multivariate analysis [16, 18, 21]. Seven observational
studies that did not report the risk estimate or its corre-
sponding 95% confidence interval were not included in the
pooled analyses [52-58].

Biomarkers

Most research examining the association between bio-
markers and the risk of subsequent recurrence was limited
to post hoc analyses of case—control studies [32, 37, 40, 43,
46]. The biomarkers information was constructed retro-
spectively from the original paraffin-embedded tumors and
was not available for making treatment decisions; the
results were only used for prognosis. Two studies were not
included in the pooled analyses because one did not report
the risk estimate [37] and the other reported the risk esti-
mate by certain combinations of biomarkers [46].
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Table 1 Characteristics of eligible studies for the meta-analysis

Study Publication  Study Source Treatment Risk Relevant tumor
year duration estimate  characteristics
included in analyses
Randomized control trial
Bijker [15] 2006 1986-1996 EORTC BCS, BCSRT HR Grade, margin, method of
detection
Bijker [16] 2001 1986-1996 OR* Comedonecrosis
Fisher [17] 2001 1991-2000 NSABP B-24 BCSRT HR Comedonecrosis, margin,
with/without method of detection
Fisher [18] 2007 1991-? tamoxifen OR* Focality, grade, tumor size
Fisher [19] 1999 1985-1998 NSABP B-17 BCS, BCSRT RR Comedonecrosis, focality,
grade, margin, tumor size
Ringberg [20] 2007 1987-2001 SweDCIS Trial BCS, BCSRT HR Comedonecrosis, grade,
margin
Holmberg [21] 2008 1987-2005 OR* Focality, method of
detection, tumor size
Pinder [22] 2010 1990-1998 UKCCCR/ANZ BCS, BCSRT with/ HR Grade, margin, tumor size
without tamoxifen
Observational study
Wai [23] 2010 1985-1999  British Columbia Cancer BCS HR Comedonecrosis, grade,
Agency, Canada margin, tumor size
Ottesen [24] 2000 1982-1989  Danish nationwide BCS HR Comedonecrosis, tumor
prospective study size
Ben-David [25] 2007 1985-2002  University of Michigan BCSRT HR Margin
Cutuli [26] 2001 1985-1992  Eight French cancer M, BCS, BCSRT HR Method of detection,
centers margin
Cox [27] 1997 1985-1996  University of South BCS, BCSRT HR Focality
Florida
Rudloff [28] 2010 19912006 Memorial Sloan- BCS, BCSRT HR Comedonecrosis, grade,
Kettering Cancer Center method of detection,
margin
Chuwa [29] 2008 19942000 National Cancer Center in M, BCS, BCSRT RR Margin
Singapore
Meijnen [30] 2008 1986-2005 Cancer Institute of the M, BCS, BCSRT HR Grade, method of detection,
Netherlands margin
Boland [31] 2003 1979-1999  South Manchester BCS, BCSRT RR Grade, margin
Barnes [32] 2005 1979-? M, BCS, BCSRT OR Biomarkers
Altintas [33] 2009 NA Antwerp University M, BCS, BCSRT HR Biomarkers*, grade,
Hospital margin, tumor size
and Ghent University
Hospital, Belgium
Schouten van der 2007 1989-2003 The Cancer Registry of M, BCS, BCSRT HR Comedonecrosis, method of
Velden [34] the Comprehensive detection, margin
Cancer Center-East, The
Netherlands
Omlin [35] 2006 1978-2004  The Rare Cancer Network BCS, BCSRT HR Biomarkers,
comedonecrosis, grade,
margin, method of
detection, tumor size
MacDonald [36] 2005 1972-2004  University of Southern BCS RR Comedonecrosis, grade,
California margin, tumor size
Cornfield [37] 2004 1982-2000 Thomas Jefferson BCS OR Comedonecrosis, tumor
University Hospital size
Stallard [38] 2001 1986-1997  University Department of M, BCS, BCSRT HR Grade

Surgery and Pathology,
Glasgow, UK
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Table 1 continued

Study Publication  Study Source Treatment Risk Relevant tumor
year duration estimate  characteristics
included in analyses
Sahoo [39] 2005 19862000  University of Chicago BCSRT HR Comedonecrosis, grade,
margin®, tumor size
de Roos [40] 2007 1996-2001  University of Groningen M, BCS, BCSRT HR Biomarkers, grade, margin,
Medical Center and the tumor size
Martini Hospital
Rakovitch [41] 2007 1982-2000  University of Toronto BCS, BCSRT HR Focality, grade, margin
Douglas-Jones [42] 2002 1989-1998  University of Wales, BCS OR Comedonecrosis, grade,
College of Medicine, margin
South Glamorgan, UK
Provenzano [43] 2003 1988-1992  Victorian Cancer Registry BCS, BCSRT OR Biomarkers
Habel [44] 1998 1980-1992 SEER: Western BCS, BCSRT RR Comedonecrosis, method
Washington of detection, tumor size
Kerlikowske [45] 2003 1983-1999  SEER: Northern BCS OR Grade, method of detection,
California margin
Kerlikowske [46] 2010 1983-2005 HR Biomarkers, grade, method
of detection, margin**
Warren [47] 2005 1991-2001 SEER BCS, BCSRT HR Comedonecrosis, grade,
margin, tumor size
Li [48] 2006 1988-2002 HR Comedonecrosis, grade,
tumor size**
Smith [49] 2006 1992-2002 SEER-Medicare BCS, BCSRT HR Comedonecrosis, grade,
tumor size**
Innos [50] 2008 1988—-1999  California Cancer M, BCS, BCSRT IRR, SIR  Comedonecrosis**
Registry
Warnberg [51] 2001 1960-1992  Swedish Cancer Registry M, BCS, BCSRT OR Tumor size**
Solin [52] 2005 1973-1995 10 institutions in North BCSRT HR Margin*
America and Europe
Carlson [53] 2007 1991-2003  Emory University SSM OR Comedonecrosis, grade,
Hospital margin, tumor size*
de Mascarel [54] 2000 1971-1995 Regional Cancer Center, BCS, BCSRT RR Grade, margin, tumor size*
Bordeaux, France
Di Saverio [55] 2008 1976-2006  S. Orsola Malpighi BCS, BCSRT NA Grade, margin, tumor size*
University Hospital,
Bologna, Italy
Miller [56] 2001 1979-1997  The Henrietta Banting M, BCS, BCSRT RR Method of detection*
Breast Center, Ontario,
Canada
Vicini [57] 2000 1980-1993  William Beaumont BCSRT HR Grade*
Vargas [58] 2005 1981-1999 ~ Hospital, Royal Oak.  pcs BCSRT HR Margin*

Michigan

BCS Breast-conserving surgery only, BCSRT breast-conserving surgery plus radiotherapy, /RR incidence rate ratio, HR hazard ratio, M
mastectomy, OR odds ratio, RR relative risk, SSM skin-sparing mastectomy

% Subgroup analysis

* The relative risk estimate or the 95% confidence interval was not reported or we could not reproduce their conclusions

** Outcomes are ipsilateral DCIS recurrences or ipsilateral invasive cancer recurrences

Estrogen receptor (ER) status

The risk estimates were consistently lower in women with
ER-positive DCIS [35, 40, 43]. Three observational studies
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which included a total of 555 women with DCIS investi-
gated the impact of ER status. The pooled data showed a

61% decreased risk of IBTR in patients with ER-positive
DCIS (Table 2).
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Table 2 Biomarkers and ipsilateral breast tumor recurrence, pooled results of case-series

Study Publication year Sample size

Relative measure
of association

Estimate (95% CI) % Weights from

random-effects model

Estrogen receptor status (positive vs. negative)

de Roos 2007 87 HR
Omlin 2006 373 HR
Provenzano 2003 95 OR

Pooled estimate

Progesterone receptor status (positive vs. negative)
de Roos 2007 87 HR
Provenzano 2003 95 OR
Pooled estimate

HER2/neu receptor status (positive vs. negative)
de Roos 2007 87 HR
Provenzano 2003 95 OR
Pooled estimate

0.56 (0.17, 1.67) 35.02
0.71 (0.17, 2.96) 24.71
0.20 (0.10, 0.80) 40.27

0.39 (0.18, 0.86) I-squared: 23.8% P = 0.269
0.91 (0.33, 2.50) 41.3
0.40 (0.20, 0.90) 58.7
0.56 (0.25, 1.24) I-squared: 38.9% P = 0.201

2.1 (0.7, 6.4)
5(1.4,17.5)
3.07 (1.32, 7.12)

56.41
43.59
[-squared: 2.5% P = 0.311

HR Hazard ratio, OR odds ratio
Progesterone receptor (PR) status

Across two observational studies, which included 182
women with DCIS, the risk of IBTR was consistently lower
in women with PR-positive DCIS [40, 43]. The pooled data
showed an insignificant 44% decreased risk of IBTR in
patients with PR-positive DCIS (Table 2).

Human epidermal growth factor-2 oncoprotein
(HER2/neu) status

Two observational studies showed that the risk estimates
for IBTR were consistently higher in women with HER2/
neu (also known as ERBB2) positive DCIS [40, 43]. The
pooled data showed a significant increased risk of IBTR
(ES = 3.1) in patients with HER2/neu positive DCIS
(Table 2).

Other biomarkers

Evidence on association between other biomarkers and
patient outcomes is limited. Two studies examined the
association between IBTR and P53 [40, 43], but only one
study showed that women with P53 positive DCIS have
significantly higher IBTR [40]. Positive P21, or Ki67, and
negative BCL-2 or Her4 are significant predictors of IBRT,
according to the evidence of only one study [32, 43].
However, other markers such as cyclin D1, androgen
receptor, cathepin D, and PS2 were found to be insignifi-
cant predictors [40, 43].

Comedonecrosis

The most commonly measured histopathologic architecture
of DCIS is comedonecrosis. Architectural features of
noncomedonecrosis DCIS include cribriform, solid, mi-
cropapillary, and papillary types. Comparisons between
these noncomedonecrosis groups have been rarely reported
and those that have are somewhat inconsistent. Many
studies are available on the association between comedo-
necrosis and local recurrence. The results of four RCTs
showed a consistent increased risk of IBTR in patients with
comedonecrosis, ranging from 1.3 to 5.0 [16, 17, 19, 20].
The results from 11 observational studies showed that
comedonecrosis increased IBTR, ranging from 0.7 to 9.3
[23, 24, 28, 34-37, 39, 42, 44, 47]. Meta-analyses of RCTs
and observational studies, including 9,332 women with
DCIS, showed a 79% increase of IBTR for RCTs and a
68% increase for observational studies for the risk of
patients with comedonecrosis (Fig. 1). The summary risk
estimate of comedonecrosis for IBTR in these studies was
1.71(95% CI 1.36-2.16).

The association between comedonecrosis and local
DCIS recurrence was inconsistent in four studies [20, 47,
49, 50]. Six studies showed that DCIS patients with the
presence of comedonecrosis had consistently higher risk of
local invasive recurrence [20, 44, 47-50], two of which
were significant [48, 50]. These studies had overlapping
populations so we did not calculate the pooled estimate.

Focality
Three RCTs and two observational studies including 3,895

DCIS patients examined the association between focality
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Fig. 1 Comedonecrosis and
ipsilateral breast tumor
recurrence. BCS Breast-

Author (treatment) (year)

Risk estimate
(95% Confidence interval)

conserving surgery, BCSRT Randomized control trial i
breast-conserving surgery plus Bijker (BCS) (2001) — 1.30 (0.67, 2.52)
radiotherapy Bijker (BCSRT) (2001) ‘ 4.97 (1.65, 14.96)
Fisher (2001) - 1.82 (1.33, 2.47)
Fisher (1999) — 1.72 (1.23, 2.41)
Ringberg (2007) i 1.82 (0.96, 3.45)
Subtotal (I-squared = 6.4%, p = 0.370) @ 1.79 (1.45, 2.22)
|
|
Observational study 1
Cornfield (2004) —— 3.30 (1.50, 7.20)
Douglas-Jones (2002) — 1.56 (0.53, 4.62)
Habel (1998) e 1.70 (1.10, 2.70)
MacDonald (2005) e 1.16 (0.52, 2.59)
Omlin (2006) — e 1.28 (0.69, 2.33)
Ottesen (2000) — 2.30 (1.10, 4.80)
Rudloff (2010) +i 1.13(0.79, 1.62)
Sahoo (2005) ; 0.70 (0.16, 3.06)
Schouten van der Velden (2007) ! —*—> 9.30(3.30, 25.90)
Wai (2010) — 2.30 (1.30, 4.00)
Warren (2005) — 0.90 (0.63, 1.30)
Subtotal (I-squared = 68.0%, p = 0.001) <> 1.68 (1.20, 2.35)
|
Overall (I-squared = 60.7%, p = 0.001) <> 1.71 (1.36, 2.16)
|
|
‘ T
0.04 1 26

and IBTR [18, 21, 27, 41]. Multifocal DCIS is consistently
associated with higher risks of IBTR. Risk estimates
range from 1.55 to 2.97 in RCTs and from 1.8 to 6.0 in
observational studies. All but one finding was statistically
significant. Meta-analyses stratified into RCTs or obser-
vational studies consistently show an increased risk in
patients with multifocality (Fig. 2). The summary risk
estimate for IBTR in these studies is 1.95(95% CI
1.59-2.40).

Margins

There was considerable variation across studies in terms of
how margins were defined. Depending on the definition
used, a positive margin was often classified as “involved”
or “<l-mm”, while a negative margin was classified as
“free” or “>1-mm”. Five RCTs and 22 observational
studies examined the association between margin status
and outcomes [15, 17, 19, 20, 22, 23, 25, 26, 28-31, 33-36,
40-42, 45-47, 52-55, 58]. Four RCTs showed that a
positive margin was associated with increased IBTR
[15, 17, 19, 22], two of which were statistically significant
[15, 17]. The results from 17 observational studies were
consistent with the findings of the RCTs. For women with
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positive surgical margins, the risk of IBTR increased from
19 to 880%. Thirteen of the seventeen results were statis-
tically significant. Meta-analysis, including 12,086 women
with DCIS, shows that compared with the free margin, the
women with a positive margin had an increased risk of
IBTR (Fig. 3). From RCTs, this is estimated at RR of
1.47(95% CI 1.12-1.94) and from observational studies,
RR 2.84(95% CI 2.07-3.89). The summary risk estimate in
these studies is 2.25(95% CI 1.77-2.85). Studies using log-
transformed margin or margin as a continuous variable also
supported the margin status as a significant factor for IBTR
[36, 42].

The association between positive margin and local DCIS
recurrence or local invasive recurrence differs from the
Swedish Randomized trial (SweDCIS trial) and two studies
using the Surveillance Epidemiology and End Results
(SEER) data [20, 43, 45]. Two studies showed that com-
pared to negative margins, close margins increase the risk
of IBTR [25, 45]. A final study examined the value of a
postoperative mammogram for assuring complete excision
of the tumor. Compared to those without postoperative
mammogram, Vargas et al. found that women with post-
operative mammogram have lower IBTR (HR = 0.21 with
P-value = 0.04) [58].
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Fig. 2 Focality and ipsilateral
breast tumor recurrence. BCS
breast-conserving surgery,
BCSRT breast-conserving
surgery plus radiotherapy,

Author (treatment) (year)

Risk estimate
(95% Confidence interval)

T tamoxifen

Fig. 3 Margin status (positive
vs. free) and ipsilateral breast
tumor recurrence

Randomized control trial

Fisher (1999)

Fisher (BCSRT) (2007)

Fisher (BCSRT+T) (2007)

Holmberg (BCS) (2008)

Holmberg (BCSRT) (2008)

Subtotal (I-squared = 0.0%, p = 0.460)

Observational study

Cox (1997)

Rakovitch (2007)

Subtotal (I-squared = 44.5%, p = 0.179)

Overall (I-squared = 0.0%, p = 0.491)

1.55 (1.07, 2.26)
2.44 (1.27, 4.71)
2.97 (1.39, 6.33)
2.30 (1.41, 3.76)
1.77 (0.94, 3.33)
1.96 (1.55, 2.48)

6.00 (1.10, 33.00)
1.80 (1.15, 2.80)
2.46 (0.87, 6.90)

1.95 (1.59, 2.40)

0.03

Author (year)

Risk estimate
(95% Confidence interval)

Randomized control trial

Bijker (2006)

Fisher (2001)

Fisher (1999)

Pinder (2010)

Ringberg (2007)

Subtotal (I-squared = 59.3%, p = 0.044)

Observational study

Altintas (2009)

Ben-David (2007)

Boland (2003)

Chuwa (2008)

Cutuli (2001)

Kerlikowske (2003)

MacDonald (2005)

Meijnen (2008)

Omlin (2006)

Rakovitch (2007)

Rudloff (2010)

Schouten van der Velden (2007)
Wai (2010)

Warren (2005)

de Roos (2007)

Subtotal (I-squared = 68.1%, p = 0.000)

Overall (I-squared = 71.1%, p = 0.000)

1.84 (1.32, 2.56)
1.84 (1.35, 2.51)
1.48 (0.98, 2.21)
1.47 (0.98, 2.22)
0.73 (0.43, 1.25)
1.47 (1.12, 1.94)

1.74 (0.98, 3.09)
9.01 (1.84, 44.13)
9.80 (4.50, 21.00)
3.70 (1.03, 14.29)
1.83 (1.10, 3.05)
3.50 (1.60, 7.50)
5.39 (2.68, 10.64)
5.75 (2.44, 13.56)
3.53 (1.48, 8.43)
1.74 (1.03, 2.92)
1.73 (1.23, 2.44)
1.80 (0.96, 3.40)
4.10 (2.10, 7.80)
1.19 (0.69, 2.06)
3.20 (0.70, 13.50)
2.84 (2.07, 3.89)

2.25 (1.77, 2.85)

0.02
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Method of detection

Three RCTs and nine observational studies examined the
association between method of detection and outcome
[15, 17, 21, 26, 28, 30, 34, 35, 44-46, 56]. We excluded one
observational study because its relative risk estimate was not
reported [56]. Women without palpable mass or nipple dis-
charge tended to have decreased IBTR [15, 17,21, 26, 28, 34,
45]. Two RCTs pooled across treatments showed the risk of
IBTR to be 1.55 and 1.9, both being statistically significant
[15, 17]. The analysis from the SweDCIS Trial’s subgroup
data showed a similar finding, although the result for the
radiotherapy group was insignificant. Five out of seven
observational studies showed that risks for IBTR increased in
symptomatic women, of which one result was statistically
significant. A meta-analysis of 9,442 DCIS patients shows
that compared with those diagnosed by mammogram only,
symptomatic women have an increased risk of IBTR, with an
RR of 1.68(95% CI 1.38-2.04) from RCTs and an RR of
1.16(95% CI 0.91-1.48) from observational studies (Fig. 4).
Summary risk estimate in these studies is 1.35(95% CI
1.12-1.62). Two SEER-based studies investigated the
association between the method of detection and the risk of
local invasive recurrence, but their directions were different
[44, 45]. Kerlikowske et al. reported that the HR of detection
by palpation versus mammography after adjusting bio-
markers was 2.7(95% CI 1.4-5.5) [46].

Fig. 4 Method of detection

(symptomatic diagnosis vs. Author (treatment) (year)

Tumor Grades

Although labeled somewhat inconsistently, tumors that are
assigned a higher pathological or nuclear grade have a
consistently higher probability of IBTR than those assigned
a low grade. Twenty-one studies including five RCTs
examined the association between tumor grades and out-
comes [15, 18-20, 22, 23, 28, 30-33, 35, 36, 3842, 45-49,
53-55, 57]. We excluded five studies for our pooling meta-
analysis because the risk point estimate and/or the 95% CI
were not reported in three of these studies, and the other
two studies used a different comparison method (per unit
grade change) [38, 42, 53-55, 57]. Four RCTs pooled
across treatments showed the risk estimates to be 1.36 and
2.77, but only two of them were significant [15, 19, 20, 22].
Analysis from the NSABP B-24 subgroup data found a
similar effect, although only the result from the tamoxifen
group was significant [18]. Twelve observational studies
showed a consistently higher risk of IBTR in women with a
high grade of DCIS [23, 28, 30, 31, 33, 35, 36, 39-41, 45,
47]. The risk estimates ranged from 1.11 to 4.17, and six of
them were significant. The meta-analysis, which included
10,526 women with DCIS showed a 63% and 99% increase
in risk for patients with a higher grade of DCIS, based on
RCTs or observational studies (Fig. 5) [15, 18-20, 22, 23,
28, 30, 31, 33, 35, 36, 39-41, 45, 47]. The summary risk
estimate in these studies was 1.81(95% CI 1.53-2.13).

mammographic diagnosis) and
ipsilateral breast tumor
recurrence. BCS breast-
conserving surgery, BCSRT
breast-conserving surgery plus
radiotherapy

Randomized control trial

Bijker (2006)

Fisher (2001)

Holberg (BCS) (2008),

Holberg (BCSRT) (2008)

Subtotal (I-squared = 0.0%, p = 0.673)

Observational study

Cutuli (2001)

Habel (1998)

Kerlikowske (2003)

Meijnen (2008)

Omlin (2006)

Rudloff (2010)

Schouten van der Velden (2007)
Subtotal (I-squared = 40.4%, p = 0.122)

Overall (I-squared = 44.9%, p = 0.052)

Risk estimate
(95% Confidence interval)

I

|
e 1.55 (1.11, 2.16)
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I
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Fig. 5 Tumor grade (high vs.
low) and ipsilateral breast tumor
recurrence. BCSRT breast-

Author (treatment) (year)

Risk estimate
(95% Confidence interval)

conserving surgery plus
radiotherapy, T tamoxifen Bijker (2006)
Fisher (1999)

Fisher (BCSRT) (2007)

Randomized control trial

Fisher (BCSRT+T) (2007)

Pinder (2010)
Ringberg (2007)

Subtotal (I-squared = 34.1%, p = 0.180)

Observational study
Altintas (2009)
Boland (2003)
Kerlikowske (2003)
MacDonald (2005)
Meijnen (2008)
Omlin (2006)
Rakovitch (2007)
Rudloff (2010)
Sahoo (2005)

Wai (2010)
Warren (2005)

de Roos (2007)

Subtotal (I-squared = 26.5%, p = 0.184)

Overall (I-squared = 29.9%, p = 0.113)

1

|
= 1.62 (0.93, 2.79)
e 1.36 (0.97, 1.90)
—— 1.22 (0.81, 1.84)
—— 1.75 (1.09, 2.80)
— 2.77 (1.69, 4.57)
—— 1.79 (1.08, 3.03)
<> 1.63 (1.30, 2.05)

|

i
— 2.72(0.81,9.18)
e 2.10 (0.90, 4.60)
| —®——  4.60(2.20, 9.50)
e 3.44 (1.74, 6.79)
: 1.30 (0.39, 4.27)
— 1.46 (0.56, 3.80)
— 1.65 (1.02, 2.65)
e 1.30 (0.84, 2.02)

; 417 (1.18,14.73)

— 2.10 (1.00, 4.20)
— 1.76 (1.23, 2.52)
- 1.11 (0.20, 5.00)
ﬁi> 1.99 (1.56, 2.52)

|
<> 1.81 (1.53, 2.13)

|

|

|

The SweDCIS trial and three observational studies
showed consistently higher risks of local DCIS recurrence
(RR 2.0-6.2) [20, 45, 47, 49], and five studies demon-
strated higher risks of local invasive recurrence (RR
1.03-4.5) in high grade patients [20, 45, 47-49]. However,
when using similar data but adjusting the biomarkers,
Kerlikowske et al. found that the impact of tumor grade on
local invasive recurrence or local DCIS recurrence
decreased [44]. We did not pool the data analyses as most
of the data came from the SEER dataset. The relationship
between intermediate and low grade is similar to that
between high and low grade. The summary risk estimate
for IBTR based on eight studies including two RCTs is
1.79(95% CI 1.40-2.28) [15, 22, 30, 31, 35, 40, 41, 45].

Tumor size

There is no standardized definition for measuring the size
of a DCIS tumor; yet, estimates generally classify tumors
less than 20 mm as small. Four RCTs and 16 observational
studies examined the association between tumor size and
outcomes [18, 19, 21-24, 33, 35-37, 39, 40, 44, 47-49, 51,
53-55]. Two observational studies, using tumor size as a

I
0.07

continuous variable or log-transformed tumor sizes, found
an increased risk of local recurrence in patients with a large
tumor size [36, 49]. Comparing the IBTR between large
and small tumor sizes, 13 studies including four RCTs,
showed an increased risk of IBTR in patients with large
tumors [18, 19, 21-24, 33, 35, 37, 39, 40, 44, 47]. Four
RCTs estimated that the risk ranged from 1.2 to 2.67 [18,
19, 21, 22], and nine observational studies showed that the
relative estimates of risk ranged from 0.7 to 5.3. Meta-
analyses including 7,097 women with DCIS showed a 62%
to 68% increase in risk for patients with large tumors
(Fig. 6). The summary risk estimate in these studies was
1.63(95% CI 1.30-2.06). Risks of local DCIS recurrence
[45, 47] or local invasive recurrence [44, 47, 48, 51] also
increased, but none was statistically significant. The com-
parison of IBTR between middle and small tumor sizes was
less consistent.

Summary of tumor characteristics

Table 3 summarizes the risk of IBTR based on tumor
characteristic and study design. Most risk estimates from
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Fig. 6 Tumor size (large vs.
small) and ipsilateral breast
tumor recurrence. BCS breast-
conserving surgery, BCSRT
breast-conserving surgery plus
radiotherapy, T tamoxifen

Author (treatment) (year)

Risk estimate

(95% Confidence interval)

Randomized control trial

Fisher (1999) —&——

Fisher (BCSRT) (2007) e

Fisher (BCSRT+T) (2007) e

Holberg (BCS) (2008) +

Holberg (BCSRT) (2008) B I
—_———

Pinder (2010)
Subtotal (I-squared = 21.9%, p = 0.269)

Observational study

Altintas (2009) —Y
Cornfield (2004) ——
Habel (1998) —%

S P

Omlin (2006)
Ottesen (2000)

Sahoo (2005)

Wai (2010) ———
Warren (2005) L
de Roos (2007) ——
Subtotal (I-squared = 63.5%, p = 0.005) <>

|
Overall (I-squared = 50.6%, p = 0.013) <>

|

|

1.20 (0.74, 1.96)
1.48 (0.87, 2.52)
1.77 (0.99, 3.16)
1.54 (0.96, 2.46)
1.30 (0.70, 2.44)
2.67 (1.66, 4.30)
1.62 (1.27, 2.06)

2.23 (1.19, 4.16)
4.10 (1.80, 9.50)
1.60 (0.90, 2.90)
1.16 (0.50, 2.68)

———%— 5.30(2.10, 13.20)

1.38 (0.38, 4.99)
0.70 (0.40, 1.30)
1.54 (0.98, 2.44)
0.91 (0.33, 2.50)
1.68 (1.12, 2.51)

1.63 (1.30, 2.06)

0.08

Table 3 Summary of ipsilateral breast tumor recurrence according to tumor characteristics and study design

Tumor characteristics

RCT/Number
of studies

Observational studies/
No. of studies

Overall

Level of
evidence

ER (positive vs. negative)
PR (positive vs. negative)
HER2/neu (positive vs. negative)
Comedonecrosis (yes vs. no)
Focality (yes vs. no)
Margin (positive vs. negative)
Method of detection (symptomatic vs. no)
Grade (high vs. low)
(intermediate vs. low)
Tumor size (large vs. small)

1.79 (1.45, 2.22)/5%
1.96 (1.55, 2.48)/5%
1.47 (1.12, 1.94)/5

1.68 (1.38, 2.04)/4*
1.63 (1.30, 2.05)/6*
1.78 (1.26, 2.51)/2%
1.62 (1.27, 2.06)/4%

0.39 (0.18, 0.86)/3*
0.56 (0.25, 1.24)/2*
3.07 (1.32, 7.12)/2*
1.68 (1.20, 2.35)/11
2.46 (0.87, 6.9)/2%
2.84 (2.07, 3.89)/15
1.16 (0.91, 1.48)/7*
1.99 (1.56, 2.52)/12*
1.79 (1.27, 2.53)/6*
1.68 (1.12, 2.51)/9

1.71 (1.36, 2.16)
1.95 (1.59, 2.40)*
2.25 (1.77, 2.85)

1.35 (1.12, 1.62)*
1.81 (1.53, 2.13)*
1.79 (1.40, 2.28)%
1.63 (1.30, 2.06)

Low
Low
Low
High
Moderate
High
Moderate
High

High

Bold numbers are significant association at 95% confidence level

* Non-significant heterogeneity

observational studies are higher than those from RCTs; yet,

Discussion

RCTs demonstrated larger magnitude of the association

between method of detection or comedonecrosis with

IBTR.
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characteristics on outcomes, investigated using multivari-
ate or subgroup analyses, turned out to be the best evi-
dence. In contrast, unadjusted results from observational
studies were vulnerable to selection bias. For example,
patients with severe tumor characteristics tended to receive
more aggressive treatment, such as additional radiotherapy
or mastectomy. Therefore, crude risk estimates without any
adjustment may be misleading. In order to analyze the
available evidence, we restricted our analysis to multivar-
iate or subgroup analyses from RCTs and multivariate
analyses from observational studies in order to minimize
bias. We acknowledge that multivariate analysis is not
immune to selection bias and that there is inconsistent
adjustment for both treatment and tumor characteristics
across the studies. Our analyses, however, will be more
accurate than that based on crude rates without any
adjustment. Since it is impossible to randomize tumor
characteristics, we believe that our approach is appropriate
for synthesizing the current evidence.

More than a decade ago, Boyages et al. provided a
systematic literature review on the predictors of local
recurrence after treatment of DCIS [6]. They analyzed
local recurrence by stratifying treatment and tumor factors.
Although few studies were available at that time, their
results suggested that comedonecrosis, grade, margin, and
tumor size, in addition to the treatment received, were
important predictors for local recurrence, but no estimate
of the effect size was provided. This study not only updates
the analysis and estimates the effect size based on currently
available high-quality evidence, but also includes more
tumor factors that are significant predictors of local
recurrence. For example, in the previous review tumor
grade was evaluated from seven studies including about
1,000 women with DCIS, while our analysis about tumor
grade is based on 12 studies including more than 10,000
patients. We also evaluated the effects of several important
characteristics such as biomarkers, focality, and method of
detection. Our findings suggest that women whose features
of DCIS include comedonecrosis, positive margin, higher
tumor grade, large tumor size or multifocality, or who are
diagnosed due to a palpable mass or nipple discharge are
associated with a higher risk of IBTR. Our results also
indicate that although some features are statistically
insignificant, patients whose DCIS is ER-negative, PR-
negative, or HER2/neu receptor positive have a higher
IBTR than those who do not present these features. The
risk estimates ranged from 1.35 for method of detection to
3.07 for positive HER2/neu receptor status. Our risk esti-
mates provide important information for both physicians
and patients when discussing risk of local recurrence and
choice of treatment.

Our analysis has several implications for future research.
First of all, biomarker expression as a predictor of local

recurrence is promising, especially the large effective size
for HER2/neu and ER status. However, it should be noted
that our results with respect to biomarkers are derived from
limited and relatively small studies. In addition, the role of
other biomarkers is not well documented, but future studies
should confirm which markers will be predictors of out-
comes. Second, in conventional pathological evaluations,
the effect size of the resection margin is the largest.
Our results highlight the importance of margin status as a
predictor of IBTR, which agrees with previous findings
[42, 59, 60]. However, two recent surveys showed that
there is still a lack of consensus among surgeons on what
defines a good margin [61, 62]. Although a minimum
2-mm free margin has been proposed [63], further studies
are warranted to understand how much negative margin is
sufficient for patients with DCIS.

It is worth discussing the relationship between bio-
markers and systematic treatment. The current treatment
options for DCIS include mastectomy, BCS with radio-
therapy, or BCS alone in selected patients. The addition of
tamoxifen to BCS seems helpful as two RCTs showed that
tamoxifen use reduced the risk of subsequent breast can-
cers, though this result was only statistically significant in
one study [17, 64]. A subsequent analysis showed that the
benefits of tamoxifen might be confined to those patients
with ER-positive DCIS [65]. This finding suggested ER
expression is an important predictor of response to
tamoxifen in DCIS patients. National Comprehensive
Cancer Network practice guidelines suggested that the
workup of DCIS includes determination of ER status [66].
However, since a small clinically significant benefit of
tamoxifen for women with ER-negative DCIS could not be
ruled out, the Update Committee of the American Society
of Clinical Oncology concluded that current data are
insufficient to support using the ER status of DCIS for
making decisions about tamoxifen treatment [67]. Cur-
rently, ER and PR statuses are included, though not
required, in the protocol proposed by the College of
American Pathologists (CAP) for reporting DCIS [68].
Several ongoing studies evaluating the effects of aromatase
inhibition therapy or selective estrogen receptor modula-
tors will demonstrate the value of these markers for pre-
dicting response to hormone therapy [7].

Although HER2/neu status should be assessed for all
invasive breast cancer [69], DCIS is rarely tested for
HER2/neu positivity. For example, the CAP’s protocol
does not include HER2 test [68]. Furthermore, it is not
specified whether HER2 should be tested by immunohis-
tochemistry or fluorescence in situ hybridization [69].
Nonetheless, the promise of treating HER2/neu positive
tumors with trastuzumab or lapatinib is being studied in
ongoing trials [7]. Their results will shed light on whether
there is value in routine testing of HER2 status for DCIS.
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Clinical decision making might be facilitated if the
results we report are integrated into staging systems or
prediction models. For example, Rudloff et al. developed a
nomogram for predicting the risk of local recurrence for
DCIS [28]. Tumor factors in that model include margin,
grade, necrosis, and method of detection. Adding the sig-
nificant factors, such as tumor size and focality from our
analysis, to their prediction model might improve the
predictive accuracy of their model. For many factors, the
effect sizes derived from observational studies tend to be
larger than that from RCTs. A notable exception is the
effect of method of detection and comedonecrosis. Plau-
sible explanations include publication bias of observational
studies and also the interaction between tumor character-
istics and treatment. For example, compared to noncome-
donecrosis, EORCT 10853 found that there was a 397%
increase in risk (significant) of recurrence for comedone-
crosis patients receiving breast-conserving surgery (BCS)
plus radiotherapy, but only a 30% increase in risk (insig-
nificant) of recurrence for those receiving BCS only. This
finding indicated that the impact of comedonecrosis might
differ among different treatment groups, and that further
studies are warranted.

Our study has some limitations. The synthesis of evi-
dence of the association between tumor characteristics and
patient outcomes was hampered by the different definitions
of predictor categories, especially margin status, tumor
grade, and tumor size, as well as architecture and other
pathological features. The protocol proposed by the CAP
for reporting DCIS will improve the clinical management
of patients with this disease [68]. We combined the data
from different study designs. Randomized trials assigned
women to different treatments but not to tumor character-
istics. The randomization process is irrelevant in either
RCTs or observational studies when they investigated the
association between tumor characteristics and outcomes.
We believe that both approaches can address the common
question of whether tumor characteristics influence the
outcome of DCIS, as suggested in the previous literature
[13]. In order to enhance comparable groups, we treated
three different risk estimates (RR, HR, and OR) as being
the same. We acknowledge that ORs cannot approximate
RRs when the incidence risk is more than 10% or when the
ORs are higher than 2.5 or less than 0.5 [70]. However,
there are trade-offs, because we must exclude the data
when the information necessary for this conversion is
unavailable. For example, case—controlled studies that
investigate biomarkers must be excluded since the inci-
dence of recurrence in the positive biomarker group is
unknown. We, therefore, converted ORs to RRs using the
method of Zhang and Yu [70]. The results are similar
except for those regarding biomarkers (data not shown).
Finally, we admit that there may be potential publication

@ Springer

bias, though we used several strategies to reduce bias,
including reference lists of systematic reviews, contacts
with experts for additional references they might provide,
and agreement on eligibility status by several investigators.
In conclusion, this meta-analysis demonstrates that a
variety of tumor characteristics are significant predictors
for IBTR. The findings of this study are important for both
clinicians and patients in order to interpret the risk of local
recurrence and to decide on a course of treatment.

Acknowledgments This study was supported by the grant of the
Agency for Healthcare Research and Quality, U.S. Department of
Health and Human Services, under Contract No. 290-02-10064-1. The
authors of this report are responsible for its content. Statements in this
article should not be construed as an endorsement by the Agency for
Healthcare Research and Quality or the U.S. Department of Health
and Human Services.

References

1. Sakorafas GH, Farley DR (2003) Optimal management of ductal
carcinoma in situ of the breast. Surg Oncol 12:221-240
2. Lester SC, Connolly JL, Amin MB (2009) College of American
pathologists protocol for the reporting of ductal carcinoma in situ.
Arch Pathol Lab Med 133:13-14
3. Boyages J, Delaney G, Taylor R (1999) Predictors of local
recurrence after treatment of ductal carcinoma in situ: a meta-
analysis. Cancer 85:616-628
4. Virnig BA, Tuttle TM, Shamliyan T, Kane RL (2010) Ductal
carcinoma in situ of the breast: a systematic review of incidence,
treatment, and outcomes. J Natl Cancer Inst 102:170-178
5. Allegra CJ, Aberle DR, Ganschow P et al (2010) National
Institutes of Health State-of-the-Science Conference statement:
diagnosis and management of ductal carcinoma in situ September
22-24, 2009. J Natl Cancer Inst 102:161-169
6. Virnig BA, Wang SY, Shamliyan T, Kane RL, Tuttle TM (2010)
Ductal carcinoma in situ: risk factors and impact of screening.
J Natl Cancer Inst Monogr 41:113-116
7. Kane RL, Virnig BA, Shamliyan T, Wang SY, Tuttle TM, Wilt T
(2010) The impact of surgery, radiation, and systemic treatment
on outcomes in patients with ductal carcinoma in situ. J Natl
Cancer Inst Monogr 41:130-133
8. Shamliyan T, Wang SY, Virnig BA, Tuttle TM, Kane RL (2010)
Association between patient and tumor characteristics with clin-
ical outcomes in women with ductal carcinoma in situ. J Natl
Cancer Inst Monogr 41:121-129
9. Virnig BA, Shamliyan T, Tuttle TM, Kane RL, Wilt TJ (2009)
Diagnosis and management of ductal carcinoma in situ. Evid Rep
Technol Assess 185:1-549
10. Owens DK, Lohr KN, Atkins D et al (2010) AHRQ series paper
5: grading the strength of a body of evidence when comparing
medical interventions—agency for healthcare research and
quality and the effective health-care program. J Clin Epidemiol
63:513-523
11. Harris RP, Helfand M, Woolf SH et al (2001) Current methods of
the US Preventive Services Task Force: a review of the process.
Am J Prev Med 20(3 Suppl):21-35
12. de Craen AJ, Gussekloo J, Vrijsen B, Westendorp RG (2005)
Meta-analysis of nonsteroidal antiinflammatory drug use and risk
of dementia. Am J Epidemiol 161:114-120
13. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR (2009)
Introduction to meta-analysis, 1st edn. Wiley, New York



Breast Cancer Res Treat (2011) 127:1-14

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Lau J, Ioannidis JP, Schmid CH (1997) Quantitative synthesis in
systematic reviews. Ann Intern Med 127:820-826

Bijker N, Meijnen P, Peterse JL et al (2006) Breast-conserving
treatment with or without radiotherapy in ductal carcinoma-in
situ: ten-year results of European Organisation for Research and
Treatment of Cancer randomized phase III trial 10853—a study
by the EORTC Breast Cancer Cooperative Group and EORTC
Radiotherapy Group. J Clin Oncol 24:3381-3387

Bijker N, Peterse JL, Duchateau L et al (2001) Risk factors for
recurrence and metastasis after breast-conserving therapy for
ductal carcinoma-in situ: analysis of European Organization for
Research and Treatment of Cancer Trial 10853. J Clin Oncol
19:2263-2271

Fisher B, Land S, Mamounas E, Dignam J, Fisher ER, Wolmark
N (2001) Prevention of invasive breast cancer in women with
ductal carcinoma in situ: an update of the national surgical
adjuvant breast and bowel project experience. Semin Oncol
28:400-418

Fisher ER, Land SR, Saad RS et al (2007) Pathologic variables
predictive of breast events in patients with ductal carcinoma in
situ. Am J Clin Pathol 128:86-91

Fisher ER, Dignam J, Tan-Chiu E et al (1999) Pathologic findings
from the National Surgical Adjuvant Breast Project (NSABP)
eight-year update of Protocol B-17: intraductal carcinoma. Can-
cer 86:429-438

Ringberg A, Nordgren H, Thorstensson S et al (2007) Histopa-
thological risk factors for ipsilateral breast events after breast
conserving treatment for ductal carcinoma in situ of the breast—
results from the Swedish randomised trial. Eur J Cancer 43:
291-298

Holmberg L, Garmo H, Granstrand B et al (2008) Absolute risk
reductions for local recurrence after postoperative radiotherapy
after sector resection for ductal carcinoma in situ of the breast.
J Clin Oncol 26:1247-1252

Pinder SE, Duggan C, Ellis 10O et al (2010) A new pathological
system for grading DCIS with improved prediction of local
recurrence: results from the UKCCCR/ANZ DCIS trial. Br J
Cancer 103(1):94-100

Wai ES, Lesperance ML, Alexander CS et al (2010) Predictors of
local recurrence in a population-based cohort of women with
ductal carcinoma in situ treated with breast conserving surgery
alone. Ann Surg Oncol 2010. [Epub ahead of print]

Ottesen GL, Graversen HP, Blichert-Toft M, Christensen 1J,
Andersen JA (2000) Carcinoma in situ of the female breast.
10 year follow-up results of a prospective nationwide study.
Breast Cancer Res Treat 62:197-210

Ben-David MA, Sturtz DE, Griffith KA et al (2007) Long-term
results of conservative surgery and radiotherapy for ductal car-
cinoma in situ using lung density correction: the University of
Michigan experience. Breast J 13:392—400

Cutuli B, Cohen-Solal-Le Nir C, De Lafontan B et al (2001)
Ductal carcinoma in situ of the breast results of conservative and
radical treatments in 716 patients. Eur J Cancer 37:2365-2372
Cox CE, Hyacinthe M, Gonzalez RJ et al (1997) Cytologic
evaluation of lumpectomy margins in patients with ductal carci-
noma in situ: clinical outcome. Ann Surg Oncol 4:644-649
Rudloff U, Jacks LM, Goldberg JI et al (2010) Nomogram for
predicting the risk of local recurrence after breast-conserving
surgery for ductal carcinoma in situ. J Clin Oncol (in press)
Chuwa EW, Tan VH, Tan PH, Yong WS, Ho GH, Wong CY
(2008) Treatment for ductal carcinoma in situ in an Asian pop-
ulation: outcome and prognostic factors. ANZ J Surg 78:42-48
Meijnen P, Oldenburg HS, Peterse JL, Bartelink H, Rutgers EJ
(2008) Clinical outcome after selective treatment of patients
diagnosed with ductal carcinoma in situ of the breast. Ann Surg
Oncol 15:235-243

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Boland GP, Chan KC, Knox WF, Roberts SA, Bundred NJ (2003)
Value of the Van Nuys prognostic index in prediction of recur-
rence of ductal carcinoma in situ after breast-conserving surgery.
Br J Surg 90:426-432

Barnes NL, Khavari S, Boland GP, Cramer A, Knox WF, Bun-
dred NJ (2005) Absence of HER4 expression predicts recurrence
of ductal carcinoma in situ of the breast. Clin Cancer Res
11:2163-2168

Altintas S, Lambein K, Huizing MT et al (2009) Prognostic
significance of oncogenic markers in ductal carcinoma in situ of
the breast: a clinicopathologic study. Breast J 15:120-132
Schouten van der Velden AP, van Vugt R, Van Dijck JA, Leer
JW, Wobbes T (2007) Local recurrences after different treatment
strategies for ductal carcinoma in situ of the breast: a population-
based study in the East Netherlands. Int J Radiat Oncol Biol Phys
69:703-710

Omlin A, Amichetti M, Azria D et al (2006) Boost radiotherapy
in young women with ductal carcinoma in situ: a multicentre,
retrospective study of the Rare Cancer Network. Lancet Oncol
7:652-656

MacDonald HR, Silverstein MJ, Mabry H et al (2005) Local
control in ductal carcinoma in situ treated by excision alone:
incremental benefit of larger margins. Am J Surg 190:521-525
Cornfield DB, Palazzo JP, Schwartz GF et al (2004) The prog-
nostic significance of multiple morphologic features and biologic
markers in ductal carcinoma in situ of the breast: a study of a
large cohort of patients treated with surgery alone. Cancer 100:
2317-2327

Stallard S, Hole DA, Purushotham AD et al (2001) Ductal car-
cinoma in situ of the breast—among factors predicting for
recurrence, distance from the nipple is important. Eur J Surg
Oncol 27:373-377

Sahoo S, Recant WM, Jaskowiak N, Tong L, Heimann R (2005)
Defining negative margins in DCIS patients treated with breast
conservation therapy: The University of Chicago experience.
Breast J 11:242-247

de Roos MA, de Bock GH, de Vries J, van der Vegt B, Wesseling
J (2007) p53 overexpression is a predictor of local recurrence
after treatment for both in situ and invasive ductal carcinoma of
the breast. J Surg Res 140:109-114

Rakovitch E, Pignol JP, Hanna W et al (2007) Significance of
multifocality in ductal carcinoma in situ: outcomes of women
treated with breast-conserving therapy. J Clin Oncol 25(35):
5591-5596

Douglas-Jones AG, Logan J, Morgan JM, Johnson R, Williams R
(2002) Effect of margins of excision on recurrence after local
excision of ductal carcinoma in situ of the breast. J Clin Pathol
55:581-586

Provenzano E, Hopper JL, Giles GG, Marr G, Venter DJ, Armes
JE (2003) Biological markers that predict clinical recurrence in
ductal carcinoma in situ of the breast. Eur J Cancer 39:622-630
Habel LA, Daling JR, Newcomb PA et al (1998) Risk of recur-
rence after ductal carcinoma in situ of the breast. Cancer Epi-
demiol Biomarkers Prev 7:689-696

Kerlikowske K, Molinaro A, Cha I et al (2003) Characteristics
associated with recurrence among women with ductal carcinoma
in situ treated by lumpectomy. J Natl Cancer Inst 95:1692-1702
Kerlikowske K, Molinaro AM, Gauthier ML et al (2010) Bio-
marker expression and risk of subsequent tumors after initial
ductal carcinoma in situ diagnosis. J Natl Cancer Inst 5(102):
627-637

Warren JL, Weaver DL, Bocklage T et al (2005) The frequency
of ipsilateral second tumors after breast-conserving surgery for
DCIS: a population based analysis. Cancer 104:1840-1848

Li CI, Malone KE, Saltzman BS, Daling JR (2006) Risk of
invasive breast carcinoma among women diagnosed with ductal

@ Springer



14

Breast Cancer Res Treat (2011) 127:1-14

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

carcinoma in situ and lobular carcinoma in situ, 1988-2001.
Cancer 106:2104-2112

Smith BD, Haffty BG, Buchholz TA et al (2006) Effectiveness of
radiation therapy in older women with ductal carcinoma in situ.
J Natl Cancer Inst 98:1302-1310

Innos K, Horn-Ross PL (2008) Risk of second primary breast
cancers among women with ductal carcinoma in situ of the breast.
Breast Cancer Res Treat 111:531-540

Warnberg F, Bergh J, Zack M, Holmberg L (2001) Risk factors
for subsequent invasive breast cancer and breast cancer death
after ductal carcinoma in situ: a population-based case—control
study in Sweden. Cancer Epidemiol Biomarkers Prev 10:495-499
Solin LJ, Fourquet A, Vicini FA et al (2005) Long-term outcome
after breast-conservation treatment with radiation for mammo-
graphically detected ductal carcinoma in situ of the breast.
Cancer 103:1137-1146

Carlson GW, Page A, Johnson E, Nicholson K, Styblo TM, Wood
WC (2007) Local recurrence of ductal carcinoma in situ after
skin-sparing mastectomy. J Am Coll Surg 204:1074-1078

de Mascarel I, MacGrogan G, Mathoulin-Pélissier S, Soubeyran
I, Picot V, Coindre JM (2002) Breast ductal carcinoma in situ
with microinvasion: a definition supported by a long-term study
of 1248 serially sectioned ductal carcinomas. Cancer 94:2134—
2142

Di Saverio S, Catena F, Santini D et al (2008) 259 Patients with
DCIS of the breast applying USC/Van Nuys prognostic index: a
retrospective review with long term follow up. Breast Cancer Res
Treat 109:405-416

Miller NA, Chapman JA, Fish EB et al (2001) In situ duct car-
cinoma of the breast: clinical and histopathologic factors and
association with recurrent carcinoma. Breast J 7:292-302

Vicini FA, Kestin LL, Goldstein NS et al (2000) Impact of young
age on outcome in patients with ductal carcinoma-in situ treated
with breast-conserving therapy. J Clin Oncol 18:296-306
Vargas C, Kestin L, Go N et al (2005) Factors associated with
local recurrence and cause-specific survival in patients with
ductal carcinoma in situ of the breast treated with breast-con-
serving therapy or mastectomy. Int J Radiat Oncol Biol Phys
63:1514-1521

Siverstein MJ, Lagios MD, Groshen S et al (1999) The influence
of margin width on local control of ductal carcinoma in situ of the
breast. N Engl J] Med 340:1455-1461

@ Springer

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Goldstein NS, Kestin L, Vicini F (2000) Intraductal carcinoma of
the breast: pathologic features associated with local recurrence in
patients treated with breast-conserving therapy. Am J Surg Pathol
24:1058-1067

Azu M, Abrahamse P, Katz SJ, Jagsi R, Morrow M (2010) What
is an adequate margin for breast-conserving surgery? Surgeon
attitudes and correlates. Ann Surg Oncol 17:558-563

Blair SL, Thompson K, Rococco J, Malcarne V, Beitsch PD,
Ollila DW (2009) Attaining negative margins in breast-conser-
vation operations: is there a consensus among breast surgeons?
J Am Coll Surg 209:608-613

Dunne C, Burke JP, Morrow M, Keller MR (2009) Effect of
margin status on local recurrence after breast conservation and
radiation therapy for ductal carcinoma in situ. J Clin Oncol
27:1615-1620

Houghton J, George WD, Cuzick J et al (2003) Radiotherapy and
tamoxifen in women with completely excised ductal carcinoma in
situ of the breast in the UK, Australia, and New Zealand: ran-
domised controlled trial. Lancet 362:95-103

Allred D, Bryant J, Land S et al (2002) Estrogen receptor
expression as a predictive marker of the effectiveness of
tamoxifen in the treatment of DCIS: findings from NSABP Pro-
tocol B-24. Breast Cancer Res Treat 76:S36 (suppl 1; abstr 30)
NCCN Clinical Practice Guidelines in Oncology. Breast Cancer—
V.2.2011. National Comprehensive Cancer Network Inc, Fort
Washington. Available at: http://www.nccn.org/professionals/
physiciangls/PDF/breast.pdf. Accessed December 31, 2010
Harris L, Fritsche H, Mennel R et al (2007) American Society of
Clinical Oncology 2007 update of recommendations for the use
of tumor markers in breast cancer. J Clin Oncol 25:5287-5312
Lester SC, Bose S, Chen YY et al (2009) Protocol for the
examination of specimens from patients with ductal carcinoma in
situ of the breast. Arch Pathol Lab Med 133:15-25

Wolff AC, Hammond ME, Schwartz JN et al (2007) American
Society of Clinical Oncology/College of American Pathologists
guideline recommendations for human epidermal growth factor
receptor 2 testing in breast cancer. J Clin Oncol 25(1):118-145
Zhang J, Yu KF (1998) What’s the relative risk? A method of
correcting the odds ratio in cohort studies of common outcomes.
JAMA 280:1690-1691


http://www.nccn.org/professionals/physiciangls/PDF/breast.pdf
http://www.nccn.org/professionals/physiciangls/PDF/breast.pdf

	Tumor characteristics as predictors of local recurrence after treatment of ductal carcinoma in situ: a meta-analysis
	Abstract
	Introduction
	Methods
	Literature review and quality assessment
	Statistical analysis

	Results
	Eligible studies
	Biomarkers

	Estrogen receptor (ER) status
	Progesterone receptor (PR) status
	Human epidermal growth factor-2 oncoprotein (HER2/neu) status
	Other biomarkers
	Comedonecrosis
	Focality
	Margins
	Method of detection
	Tumor Grades
	Tumor size
	Summary of tumor characteristics

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


