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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. This report was requested by the NIH Office of
Medical Applications of Research as a background paper for the State of the Science Conference
on Diagnosis and Management of Ductal Carcinoma in Situ (DCIS). The reports and assessments
provide organizations with comprehensive, science-based information on common, costly
medical conditions, and new health care technologies. The EPCs systematically review the
relevant scientific literature on topics assigned to them by AHRQ and conduct additional
analyses when appropriate prior to developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome written comments on this evidence report. They may be sent to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrq.gov.
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Structured Abstract

Objectives: Systematic synthesis of the published evidence about incidence, risk factors, and
management options for women with ductal carcinoma in situ (DCIS) of the breast.

Data Sources: Original epidemiologic studies were sought from several databases to identity
articles published in English between 1970 and January 31, 20009.

Review Methods: Incidence of DCIS in the general population and among women at greater risk
of breast cancer and patient outcomes after diagnostic magnetic resonance imaging (MRI) or
sentinel lymph node biopsy (SLNB) were abstracted into the developed standardized form.
Patient outcomes after breast conserving surgery with or without adjuvant radio- or
chemotherapy or after mastectomy were compared from randomized controlled clinical trials
(RCTs) and observational studies.

Results: Three hundred seventy-four publications were eligible for the review. Rarely diagnosed
before 1980, the incidence of DCIS increased by 270 percent since 1987 to 37.5 per 100,000
women in 2001, partially due to increased use of mammography with no good evidence of
overdiagnosis (63 publications). Incidence was higher with increasing age, breast density, and
family history and lower among physically active women and aspirin users (29 publications).
Tamoxifen did not prevent DCIS at longer followup in women at high risk of breast cancer (two
RCTs). No good evidence was identified around the optimal use of MRI for treatment planning
(64 publications). Case-series from academic centers reported that around 5 percent of women
with final histological diagnosis of DCIS had positive sentinel nodes and 1 percent were
upgraded to metastatic cancer with no significant differences in outcomes (50 publications).
Good evidence from five RCTs (ten publications) suggested that breast conserving surgery with
adjuvant radiation reduced ipsilateral (the same breast) tumors by 53 percent with no differences
in mortality or contralateral (the second breast) cancer. One RCT demonstrated that adjuvant
chemotherapy reduced ipsilateral and contralateral cancer. Ten-year post diagnostic survival was
more than 98 percent, while the rates of ipsilateral cancer were around 10 percent (133
publications of 64 observational studies). Major risk factors for ipsilateral cancer were younger
age, larger tumor size, comedo necrosis, and positive surgical margins. Limited evidence of
worse incidence and advanced outcomes in racial subgroups varied across the studies.
Inconsistent evidence suggested that Her2 receptor and negative estrogen receptor status were
associated with worse outcomes. No good evidence was found that adjuvant chemotherapy or
mastectomy can improve outcomes and there was no evidence on natural history of DCIS or on
quality of life among women treated for DCIS.

Conclusions: Incidence of DCIS continued to increase with no evidence of overdiagnosis or
effective preventive strategies. There is a need to better identify problematic lesions from
mammography that are most likely to contain some invasive breast cancer. Most prognostic
factors for invasive breast cancer are also prognostic factors for DCIS. The role of MRI and
SLNB should be investigated as tools to improve pre-surgical decisonmaking and staging. Breast
conserving surgery with adjuvant radiotherapy can benefit all women, though the absolute
impact may be small for some women. Ongoing trials will shed light on the optimal clinical
strategy for treating DCIS.
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Executive Summary

Introduction

Ductal carcinoma in situ (DCIS) is noninvasive breast cancer that encompasses a wide
spectrum of diseases ranging from low-grade lesions that are not life threatening to high-grade
lesions that may harbor foci of invasive breast cancer. DCIS is characterized histologically by
the proliferation of malignant epithelial cells that are bounded by the basement membrane of the
breast ducts. DCIS has been classified according to architectural pattern (solid, cribriform,
papillary, and micropapillary), tumor grade (high, intermediate, and low grade), and the presence
or absence of comedo histology. Prior to the advent of widespread screening mammography,
DCIS was usually diagnosed by surgical removal of a suspicious breast mass. DCIS was rarely
diagnosed before 1980, but currently about 25 percent of breast cancers diagnosed in the United
States are DCIS.

Methods

Studies were sought from a wide variety of sources, including MEDLINE® via PubMed®,
Scirus, Cochrane databases, websites of the Sloane Project and of the International Breast Cancer
Screening Network (IBSN), and manual searches of reference lists from systematic reviews and
consensus conferences. We searched the database of the registered clinical trials
www.clinicaltrials.gov to identity ongoing research relevant for question 5. We updated our
search in February 2009 and include articles published through January 31, 2009.

We reviewed abstracts to confirm eligible target populations of female adults to examine
incidence of DCIS and adult female patients with treated or untreated DCIS.

Results

The incidence of DCIS has risen from 1.87 per 100,000 women from 1973-1975 to 32.5 per
100,000 in 2004. The incidence of DCIS increased in all age categories with the greatest rise
among those older than 50 years of age. Age adjusted DCIS incidence rates increased 7.2-fold
from 1980 to 2004. The annual incidence among those older than 50 years of age demonstrated
an exponential increase from five per 100,000 in 1980 to 59-77 per 100,000 in 2004.

While other countries have also observed increases in DCIS in recent years, no country has
experienced as steep an increase in DCIS as the United States. The increase in DCIS has not,
however, been uniform across histologic types. Comedo histology is associated with a
particularly high risk of recurrence and has been stable over recent years. In contrast, low-grade
DCIS, generally considered to be less likely to recur or develop into invasive breast cancer, has
accounted for the majority of the recent increase.

Many studies point to increased use of mammography as the likely explanation for the
increased incidence, but the increased incidence cannot be entirely explained by an increase in
screening. Cumulative incidence per 1,000 mammograms increased from 0.9 in January 1997 to
1.7 in December 2003. We assessed the impact of screening by comparing patterns of incidence
using two different definitions: DCIS incidence per 100,000 female population and per 1,000
screened women. Incidence of DCIS in the United States increased over time according to both



definitions. Older women had higher incidence according to both defintions. Proportional
changes, when compared across the studies, tend to be larger for incidence per 100,000. The data
revealed greater inceases over time in incidence per 100,000 population than per 1,000 screened.

Several risk factors are associated with DCIS. Less educated women (<high school) had
greater cumulative incidences of DCIS than women with higher education. Registry data
consistently show that the odds of DCIS increase until age 65-69 and then decline. The odds of
DCIS were 3.7 times greater among those older versus younger than 60 years. Age at menarche
was not associated with DCIS. Age adjusted incidence of DCIS was the highest among
Caucasian women followed by African American and Asian-Pacific Islanders.

Physically active women had a 34-47 percent reduction in adjusted odds of DCIS. There was
no consistent association between use of hormone replacement therapy and DCIS incidence. The
Women’s Health Initiative, which randomized post-menopausal women to hormone replacement
therapy (HRT) or not, has not commented to date on the impact of HRT on DCIS incidence. This
pattern of no impact of HRT on DCIS incidence is in stark contrast to the increased incidence of
invasive breast cancer associated with HRT. The association between use of oral contraceptives
after 35 years of age and DCIS was significant in the World Health Organization (WHO)
Collaborative Study of Neoplasia and Steroid Contraceptives but not associated in a case-control
study based on the state cancer registry in the United States. The studies that examined the
association between DCIS and age at first live birth compared to less than 20 years found a
significant increase in the risk of DCIS among those who had their first child between 20 and 29
years and more than 30 years of age but not among other age categories. Women with four or
more children had a 38 percent decreased risk of DCIS. Women with a family history of breast
cancer or who were carriers of the BRCA mutations also had higher rates of DCIS than women
with no history.

Randomized trials of tamoxifen or raloxefene for the primary prevention of breast cancer
have shown mixed results for preventing DCIS. Studies, such as the Study of Tamoxifen and
Raloxefene (STAR), Multiple Outcomes of Raloxefene Evaluation (MORE), and Continuing
Outcomes Relevant to Evista (CORE), along with the NSABP P-1 trial, all show tamoxifen to be
effective in preventing both invasive breast cancer and DCIS. Raloxefene, in contrast, while
associated with decreased risk of invasive breast cancer is not associated with decreased
incidence of DCIS.

The presence of multicentric disease is generally considered a contraindication to breast-
conserving surgery. Thus, when magnetic resolution imaging (MRI) detects multicentric disease
in women with DCIS, treatment recommendations for some patients will be influenced. Among
patients with DCIS, the sensitivity of detecting multicentric disease is generally higher with MRI
as opposed to mammography. Breast MRI can potentially influence treatment decisions by
providing more accurate information on the size and extent of the known DCIS. Such findings
may determine the choice of breast-conserving surgery versus mastectomy or the width of
excision margins. In addition, accurate preoperative assessment of tumor size may reduce the
need for subsequent surgery to excise involved margins. Given the growth pattern of DCIS,
accurate histological determination of size and extent can be difficult. Moreover, limitations
inherent in tissue processing make tumor measurement difficult. Finally, determining DCIS size
is limited by the difficulty in reconstructing the 3-diminsional extent using 2-dimensional
pathology slides. As a result, pathological examination can overestimate and underestimate
tumor sizes depending on the plane of section. Some authors have argued that MRI
measurements may be more accurate than those in the pathology laboratory. There is a low level



of evidence that MRI does not improve patient outcomes in women with DCIS and a low level of
evidence that treatment utilization was changed according to MRI results in 20-25 percent of
women with DCIS. The results of studies comparing mammography with MRI have not been
consistent, with some reporting that MRI was equivalent to mammography and others reporting
that MRI is more accurate for determining the extent of DCIS.

The overall incidence of sentinel lymph node (SLN) metastases is unknown, but one study
reported the overall incidence of SLN metastases to be 9 percent. The incidence of SLN
metastases was higher for patients with ductal carcinoma in situ with microinvasion (DCISM)
compared with those with DCIS. The incidence of pN1 metastases was very low for patients with
pure DCIS. Methodological problems, including small numbers and use of highly selected
patients, make evaluation of sentinel lymph node biopsy (SLNB) for DCIS challenging. We were
unable to find any study that directly compared important patient outcomes (survival, recurrence,
and quality of life) after SLNB versus no SLNB.

In a previous review by the Agency for Healthcare Research and Quality (AHRQ), 24
percent of stereotactic-guided automatic gun core needle biopsies that resulted in a diagnosis of
DCIS were found to have invasive cancer upon surgical excision. For stereotactic guided
vacuume-assisted core needle biopsy this rate was 13 percent. The incidence of SLN metastases
was 5 percent for women with an original diagnosis of DCIS and a final diagnosis of invasive
cancer. However, all patients with SLN metastases had a final diagnosis of invasive breast cancer
after excision or mastectomy; thus, no women with a final diagnosis of DCIS had SLN
metastases. Since about 15 percent of patients with DCIS identified on core needle biopsy are
diagnosed with invasive breast cancer after excision or mastectomy, the feasibility and accuracy
of SLN biopsy after excision is relevant to decisions regarding surgical management of DCIS.
Most studies demonstrate that SLN biopsy is feasible after excision, but the results from studies
evaluating the accuracy of SLN after excision are not consistent. An analysis from the National
Surgical Adjuvant Breast and Bowel Project (NSABP) B-32, Krag et al. reported that the SLN
biopsy false negative rate was significantly increased after excisional biopsy compared with core
needle biopsy or fine needle aspiration (needle biopsy, 8.1 percent; excisional biopsy, 15.3
percent).!

The risk factors for DCIS outcomes are different from those for DCIS incidence. Estimates
of the impact of the characteristics of women or their tumors on survival show a surprising lack
of depth and, with few exceptions, is limited to studies of local DCIS or invasive recurrence.
This is likely due to the low incidence of outcomes other than invasive recurrence, even after 10
years. Positive surgical margins are consistently associated with increased DCIS and invasive
breast cancer recurrence. In general, larger tumors were associated with higher rates of local
DCIS and invasive recurrence than smaller tumors. While labeled somewhat inconsistently,
tumors assigned a higher pathological or nuclear grade (3) have a consistently higher probability
of local DCIS or invasive recurrence than those at intermediate or low grade (2 or 1). In multiple
reports from the same institution using a moderate sized cohort, the lack of calcification was
strongly associated with DCIS or invasive carcinoma recurrence. Younger age at diagnosis is a
consistent adverse prognostic factor for DCIS outcomes. Women over age 50 consistently have
reduced risk of DCIS or invasive recurrence than younger women. The association between
positive family history and DCIS or invasive breast cancer recurrence was reported in four
studies.

Studies of racial differences in DCIS recurrence paint a somewhat complex story. When
adjusting for demographic factors alone, African American women are more likely than white



women to experience a recurrence. However, the studies that adjust for a more detailed set of
tumor factors find no difference between racial groups. This suggests that there may be
differences in the tumors between African American and white women. This finding needs to be
further explored. There is only one study reporting outcomes after DCIS diagnosis for Native
American women, and that study included only 82 subjects. Further work is needed to examine
the outcomes of DCIS in this population.

Several markers of tumor aggressiveness in invasive breast cancer are not well studied in
DCIS. Estrogen receptor (ER) positivity has been linked with a decreased risk of recurrence in
several small studies. The rate of ER testing, however, is quite low (20 percent). Ongoing trials
of tamoxifen and aromitase inhibitors may contribute to more routine testing of ER status in the
future.

Her2 positivity has been linked to increased risk of recurrence. This also is rarely tested and
has been reported in small studies only. The promise of treating Her2 positive tumors with
trastuzumab is being studied in ongoing trials and points to the possibility that Her2 evaluation in
women with DCIS might become more common.

Studies of treatment show that outcomes are superior for women whose DCIS is treated
rather than untreated. Whole breast radiation therapy following breast conserving surgery (BCS)
is associated with a reduction of local DCIS or invasive carcinoma recurrence but has no impact
on breast cancer mortality or total mortality. Randomized trials, including NSABP-17, report that
whole breast radiation therapy following breast conserving surgery is associated with a reduction
of local DCIS or invasive carcinoma recurrence but had no impact on breast cancer mortality or
total mortality. Both randomized and observational studies consistently reported a statistically
significant decrease in local DCIS or invasive carcinoma associated with receiving whole breast
radiation therapy (RT) after BCS. The population impact of the additional treatment of
approximately 114 recurrences per 1,000 women treated would be avoided over 10 years through
use of radiation. No trial has found a reduction in breast cancer or all cause mortality associated
with the use of RT following BCS. RT did not eliminate the impact of adverse prognostic factors
such as involved margins and tumor size. Multiple observational studies confirm lower rates of
local DCIS or invasive cancer for women undergoing BCS+RT over BCS alone. We found no
study suggesting that the relative effectiveness of BCS+RT versus BCS alone is different in the
presence of adverse prognostic factors such as larger or high grade tumors, positive margins, or
comedo necrosis.

While not studied in a randomized fashion, several observational studies compared outcomes
between mastectomy and BCS or BCS+RT. They found women undergoing mastectomy were
less likely than women undergoing lumpectomy plus radiation to experience local DCIS or
invasive recurrence. Women undergoing BCS alone were also more likely to experience a local
recurrence than women treated with mastectomy. We found no study showing a mortality
reduction associated with mastectomy over breast conserving surgery with or without radiation.
This lack of benefit is particularly striking since clinically larger, multicentric, and more
problematic tumors will be more likely to be treated with mastectomy than BCS with or without
radiation.

The NSABP-24 assessed the value of tamoxifen following DCIS diagnosis and found it
reduces risk of recurrent DCIS or invasive carcinoma. The trial found that tamoxifen was
associated with a 50 percent reduction in contralateral disease and of breast cancer mortality but
had no impact on all-cause mortality. Adverse events were consistent with tamoxifen’s usual
profile.



Clinical issues that are the subject of ongoing investigations are the value of aromitase
inhibitors for preventing local DCIS or invasive recurrence or contralateral disease. Finally, trials
are examining whether trastuzumab (herceptin) is effective in treating DCIS that is Her2
positive. These trials would benefit the 26 percent of women whose tumors are positive for this
adverse prognostic indicator.

There are also ongoing trials examining whether accelerated partial breast irradiation (APBI)
is equivalent to whole breast irradiation for treating DCIS. There are three accelerated radiation
protocols, all of which reduce the time needed to complete therapy from 6% weeks for whole
breast radiation therapy to between 1 and 5 days. The treatment is focused on the area
immediately around the lumpectomy site, the area where recurrences are most likely to occur.
Three approaches to APBI are currently being investigated: Intraoperative Radiotherapy
(IORT)—1 day of treatment, Intracavitary Brachytherapy (MammoSite®)—5 days of treatment,
and 3-D Conformal/External Beam Radiotherapy—5 days of treatment.

Future Research

Important scientific questions that deserve further investigation include gaining a better
understanding of the relationship between mammography use and DCIS incidence, whether it is
possible to modify current imaging technologies or screening guidelines to better identify lesions
that are unlikely to become clinically problematic as well as tumors that are likely to contain
some invasive component.

The following proposed recommendations are organized by the original questions:

Question 1. What are the incidence and prevalence of DCIS and its
specific pathologic subtypes, and how are incidence and prevalence
influenced by mode of detection, population characteristics, and
other risk factors?

1. Is DCIS over-diagnosed? Does diagnosis of DCIS represent an opportunity to prevent
invasive breast cancer? Is screening specifically for DCIS important?

2. ls it possible to distinguish between DCIS that is likely to progress and DCIS that is
unlikely to progress? Can molecular profiles determine the clinical behavior of DCIS?

3. Is it possible to use existing imaging technologies to distinguish between invasive and
noninvasive cancer or between problematic and less problematic lesions?

4. The most appropriate methods and time intervals to screen women at high risk of breast
cancer with mammaography or MRI are not well established. The value of MRI
screening in high risk populations is unclear and should be addressed in future research.

5. Pharmacological prevention of DCIS with tamoxifen or aromitase inhibitors requires
future investigation. One study found that while drug administration was effective in
preventing DCIS, the effect was not maintained once drug use stopped. Future research
should clarify long-term effects of chemoprevention on incident DCIS especially in
women with high baseline risk of breast cancer



Question 2. How does the use of MRI or SLNB impact important
outcomes in patients diagnosed with DCIS?

1. Can breast MRI (or other preoperative imaging evaluations) accurately predict invasive
breast cancer among DCIS patients originally diagnosed with core needle biopsy? Since
invasive breast cancer is treated differently than DCIS, accurate preoperative
determination can influence treatment decisions (i.e., SLN biopsy).

2. Can breast MRI identify key factors that can assist with choice of surgical treatment
more accurately than mammography?

3. Among patients with a final diagnosis of DCIS or DCISM, what is the clinical
significance of pNO(i+) or pN1mic SLN metastases? Do these patients have a worse
prognosis? Should axillary lymph node dissection be performed for these women?
Should these women be considered to have invasive cancer or be treated as cases of
DCIS?

Question 3. How do local control and systemic outcomes vary in DCIS
based on tumor and patient characteristics?

1. Does the risk of local DCIS recurrence, invasive cancer, contralateral disease, or breast
cancer mortality change with time from initial diagnosis? The answer has important
implications for a discussion of the optimum post-diagnostic surveillance strategy. The
optimum surveillance/screening strategy depends to a great extent on how the risk
changes over time and how the sensitivity and specificity of current screening
modalities can be optimized.

2. What factors are behind differential patterns of DCIS recurrence between African
American and white women? The ability to eliminate much of the apparent disparity in
outcomes points to important differences in tumors between African American and
white women. Whether these differences are modifiable (e.g., tumor size, positive
margins) or nonmodifiable (grade, ER status) is unclear. There is presently a total lack
of information about DCIS in Native American women. The key question for this group
is simply, how are Native American women experiencing DCIS?

3. Are the similarities between prognostic factors for DCIS and invasive breast cancer
great enough to recommend similar diagnostic workups or is there value in creating a
DCIS-specific prognostic index?

4. s there value in routine testing of ER and Her2 status for DCIS?

Question 4. In patients with DCIS, what is the impact of surgery,
radiation, and systemic treatment on outcomes?

1. Given that the lack of evidence that BCS+RT provides any mortality benefit and the
number of local DCIS or invasive recurrences per 1,000 women treated is small, is
there benefit in routine use of RT following BCS?

2. What is the role of partial breast radiation? What is the preferred technique of partial
breast radiation?



3. Since RCTs show that RT after BCS does not remove the negative prognostic impact of
positive margins, understanding the optimum management to counteract this effect is
essential. What is the optimum definition of positive margins? Should patients with
close margins undergo re-excision?

4. The role of tamoxifen and aromatase inhibitors is of current interest and will be
influenced by the ongoing NSABP trials. Is the benefit of tamoxifen or aromitase
inhibitors to provide treatment for the primary DCIS or primary prevention for a future
new primary DCIS or invasive cancer. This question acknowledges that history of
DCIS or invasive breast cancer is a risk factor for DCIS or invasive cancer incidence.
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Chapter 1. Introduction

Overview

Ductal carcinoma in situ (DCIS) is noninvasive breast cancer that encompasses a wide
spectrum of diseases ranging from low-grade lesions that are not life threatening to high-grade
lesions that may harbor foci of invasive breast cancer. DCIS is characterized histologically by
the proliferation of malignant epithelial cells that are bounded by the basement membrane of the
breast ducts. DCIS has been classified according to architectural pattern (solid, cribriform,
papillary, and micropapillary), tumor grade (high, intermediate, and low grade), and the presence
or absence of comedo histology. Prior to the advent of widespread screening mammography,
DCIS was usually diagnosed by surgical removal of a suspicious breast mass. DCIS was rarely
diagnosed before 1980,% but currently about 25 percent of breast cancers diagnosed in the United
States are DCIS (Figure 1).2

Figure 1. Trends in the incidence of DCIS and invasive cancer (1975-2005)*
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While studies of the natural history of invasive breast cancer are rare, there is general
consensus that DCIS represents an intermediate step between normal breast tissue and invasive
breast cancer. Since excisional biopsy (and, to a lesser extent, core needle biopsy) removes a
significant portion of the targeted lesion, the natural history of untreated DCIS is unknown. Data
from both randomized trials and population-based studies indicate that the 10-year breast cancer
mortality rate for patients with DCIS is less than 2 percent after excision or mastectomy.>® The
percentage of DCIS that is ‘nonprogressing,” that is, would not develop into invasive disease
even if untreated, is unknown. A recently published Markov model that incorporates data from
multiple mammography screening trials estimates the incidence of DCIS that will progress into
invasive breast cancer if untreated at 100-270 per 100,000. The model estimates that women can
survive with nonprogressing DCIS for over 30 years while the average time prior to progressing

Appendixes and evidence tables cited in this report are available at http://www.ahrg.gov//clinic/epcix.htm
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from DCIS to invasive cancer is 3 months. The model further assumes that these invasive breast
cancers will remain in a preclinical state, on average, for 2% years. Thus, women with
progressing DCIS have slightly less than 3 years between DCIS incidence and clinically detected
invasive breast cancer.” This estimate is somewhat shorter than the observed 7 years for overall
breast cancer (in situ and invasive) to equalize in the Swedish Two-county Trial 2

DCIS is usually identified by the presence of microcalcifications on mammograms. Invasive
breast cancer is usually identified as a mass on mammaography. Image guided core needle biopsy
is usually performed to obtain histological confirmation of DCIS or invasive breast cancer. Some
patients with an original diagnosis of DCIS on core needle biopsy will have a final diagnosis of
invasive breast cancer after excision or mastectomy. A structured literature review sponsored by
AHRQ reviewed all articles assessing the accuracy of needle biopsy for DCIS and breast cancer.
The study reviewed more than 100 studies and concluded that 24 percent of tumors with DCIS
identified from stereotactic-guided automatic gun core needle biopsy were found to have
invasive breast cancer upon surgical excision (95 percent Cl 0.18; 0.32).° For stereotactic guided
vacuum-assisted core needle biopsy this rate was 13 percent (95 percent Cl 0.11; 0.15).

Although DCIS may look to be a small lesion on mammograms, the disease frequently
extends along the ducts and may involve a large portion of the breast with multiple foci. For
some patients, mammography can grossly underestimate the extent of DCIS. Improvements in
the preoperative assessment of patients with DCIS may refine clinical decisionmaking.

Imaging and Treatment for Women with Invasive Breast Cancer

Although this report focuses on DCIS, some examination of invasive breast cancer is relevant
for two reasons: (1) Since no one sets out specifically to look for DCIS, the clinical strategies
overlap. The initial efforts at detection cannot separate the two conditions until the process has
advanced and a biopsy is obtained. Even then the distinction may be difficult. (2) To a great
extent treatment of DCIS is modeled after the modalities used for invasive breast cancer, but
many of the areas explored for invasive breast cancer have not been similarly explored for DCIS.

Breast magnetic resonance imaging (MRI) is increasingly used in the pretreatment evaluation
of patients with invasive breast cancer. The primary objectives of breast MRI for women
diagnosed with invasive cancers are: (1) to detect ipsilateral multicentric disease; (2) to
determine the extent of the known cancer; and (3) to evaluate the contralateral breast. The
treatment of invasive cancer may be modified by MRI findings, which may lead to wider
excisions, unilateral mastectomy, and/or treatment of the contralateral breast.

Mastectomy is generally recommended for patients with diffuse microcalcifications (>4 cm),
multicentric disease (involving more than one breast quadrant) (http://www.nccn.org) or if their
surgeon is unable to obtain negative surgical margins with breast conserving surgery. A series of
randomized trials in the 1980s followed by a National Institutes of Health (NIH) Consensus
Conference established that breast conserving surgery (BCS) combined with radiation therapy
resulted in equivalent survival as mastectomy for women with early stage invasive breast
cancer.’**® The original trials found that radiation therapy (RT) after BCS decreased local
recurrences but did not show a mortality benefit of BCS+RT compared with BCS alone. A recent
meta-analysis by the Early Breast Cancer Trialists” Collaborative Group, however, found
BCS+RT reduced mortality as well as local recurrence. The use of BCS (excision) as compared
with mastectomy has increased in recent years for invasive breast cancer.’
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Approximately 80 percent of tested invasive breast cancers are positive for estrogen receptors
(ER), indicating that estrogen contributes to these tumors’ growth. An additional hormonal
receptor, the progesterone receptor (PR) is a slightly less important predictor of tumor growth.
Most tumors are concordant for estrogen receptor and progesterone receptor (65 percent of ER
tumors are also PR positive). From this understanding of the role of estrogen have come
endocrine therapies. The two most common classes are: Aromatase inhibitors [Arimidex
(chemical name: anastrozole), Aromasin (chemical name: exemestane), Femara (chemical name:
letrozole)] and Selective Estrogen Receptor Modulators (SERMs): [tamoxifen, Evista (chemical
name: raloxifene), Fareston (chemical name: toremifene)]. The therapies work by lowering the
amount of estrogen in the body (Aramitase inhibitors) or blocking the action of estrogen. While
different in their side effect profiles and perhaps different in their effectiveness, these therapies
have been shown to prevent recurrence of ER + invasive breast cancer and to reduce breast
cancer incidence.

For patients with invasive breast cancer, lymph node staging is recommended to determine
prognosis and guide treatment decisions. Until the late 1990s, axillary lymph node dissection
(ALND) was recommended for most patients with invasive breast cancer to identify and remove
lymph node metastases. However, ALND is associated with significant morbidity including
nerve injuries and lymphedema; moreover, patients who do not have lymph node metastases
don’t benefit from the procedure. In contrast to ALND, sentinel lymph node biopsy (SLNB) is a
minimally invasive procedure that identifies axillary node metastases; patients are spared
unnecessary ALND if no sentinel lymph node (SLN) metastases are identified. In the past decade
SLN biopsy has replaced ALND for most patients with invasive breast cancer.

The lessons learned from invasive breast cancer will be used as a backdrop for the
examination of DCIS detection and treatment.

Defining Key Terms

Comedo DCIS
Comedo histologic subtype is DCIS that is characterized by prominent apoptotic cell death
and has greater malignant potential than other DCIS subtypes.

Multicentric Disease
The most common definition of multicentric disease is discontinuous tumor presence in
multiple breast quadrants.

DCIS with Microinvasion
DCIS with microinvasion (DCISM) is defined by the American Joint Committee on Cancer
(AJCC) as microinvasion 0.1 cm or less in greatest dimension.

Core Needle Breast Biopsy
Core needle breast biopsy is a percutaneous procedure that retrieves a small sample of breast
tissue through a needle.
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Excisional Breast Biopsy
Excision breast biopsy is a surgical procedure that removes the targeted lesion (breast lump
or microcalcifications) through an open incision.

Conceptual Models for the Key Questions
Conceptual models for the key questions are shown in Figures 2-4.
Question 1. What are the incidence and prevalence of DCIS and its specific pathologic

subtypes, and how are incidence and prevalence influenced by mode of detection, population
characteristics, and other risk factors?

Figure 2. Conceptual model for question 1
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Question 2. How does the use of MRI or SLNB impact important outcomes in patients
diagnosed with DCIS?

Figure 3. Conceptual model for question 2
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Question 3. How do local control and systemic outcomes vary in DCIS based on tumor and
patient characteristics?

Question 4: In patients with DCIS, what is the impact of surgery, radiation, and systemic
treatment on outcomes?

Figure 4. Conceptual model for questions 3 and 4
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Chapter 2. Methods

Literature Search Strategy and Eligibility Criteria

Search Strategy

Studies were sought from a wide variety of sources, including MEDLINE® via PubMed®,'®
Scirus,*® Cochrane databases,”® websites of the Sloane Project and of the International Breast
Cancer Screening Network (IBSN), and manual searches of reference lists from systematic
reviews and consensus conferences. We searched the database of the registered clinical trials
www.clinicaltrials.gov to identity ongoing research relevant for question 5.

We updated our search in February 2009 and requested a controlled expert search in
February 2009 to compare sensitivity of our different search strategies. The search strategies for
the four research questions are described in Appendix A. Excluded references are shown in
Appendix B. All work was conducted under the guidance of a Technical Expert Panel (TEP),
whose members are identified in Appendix C.

Eligibility

Three investigators independently decided on the eligibility of the studies according to
recommendations from the Cochrane manual for systematic reviews.?* The algorithm to define
eligibility of the studies was developed for each research question (Appendix D). We reviewed
abstracts to exclude the studies of exclusively invasive breast cancer, nonbreast ductal cancers
(e.g., pancreatic ductal cancer), animal or in vitro experiments, analysis of results taken directly
from other publications, letters, comments, and case reports. We confirmed the eligible target
population of female adults. The epidemiologic studies published in the English language
between 1965 and February 2009 were examined to identify studies with eligible outcomes.
These outcomes were defined as the incidence of DCIS and rates of mastectomy, breast
conserving therapy, radiation therapy, chemotherapy, and hormonal therapy use. These studies
also identified rates of metastases,? in-breast recurrence for question 2, and local, regional, and
distant recurrence, contralateral disease, disease-specific and overall survival, or changes in
tumor size based on imaging for questions 3 and 4 (operational definitions in Appendix D). For
question 1, we included population based studies that examined incidence of DCIS standardized
per 100,000 female population, per 1,000 screened women, or incident cases of DCIS among
screened population (population denominator). We included cohort, cross-sectional and case-
control studies that examined risk factors for DCIS. For question 2 we included all observational
studies that reported outcomes after SLNB in women with initial or final diagnosis of DCIS. We
also included all observational studies of pre-surgical MRI in women with DCIS to detect
multicentric (multifocal) or bilateral breast cancer. For question 3 we included the studies of
untreated DCIS (natural history) and the studies that reported rates of eligible outcomes
independent of (adjusted for) treatments among subpopulations with different specimen
radiography features, margin status, tumor size, histological grade, estrogen or progesterone
receptor status, volume of tumor evaluated, or breast density. We also included studies that
reported rates of eligible outcomes in subgroups of different age, race, genetic predisposition, or

Appendixes and evidence tables cited in this report are available at http://www.ahrg.gov//clinic/epcix.htm
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menopausal status after adjustment for treatment status. For question 4 we included original
studies that examined the effects of mastectomy, lumpectomy, radiation, or their combinations,
and administration of tamoxifen, raloxifene, and aromatase in women with DCIS. We excluded
studies that did not test associative hypotheses and did not provide adequate information on
tested hypotheses (e.g., least square means, relative risk).

Finally, we confirmed eligible levels of evidence for each research question. The following
inclusion criteria were used to select articles for full review: For questions of incidence of DCIS
large population-based cross sectional or cohort studies and analyses of population-based cancer
registries or nationally representative administrative databases were selected. For the question of
risk factors of DCIS we also included baseline data from clinical trials and case control studies.
We selected observations of crude DCIS incidence among women at very high risk of breast
cancer, including genetic predisposition and prophylactic mastectomy. We did not exclude the
studies that reported incidence of DCIS among small samples of patients with Paget disease,
other malignant neoplasms (lymphoma), or radial scars. For the question of SLNB we included
all studies (case series) independent of the number of DCIS cases or internal validity of the
reports. For the question on MRI we prioritized the studies that aimed to examine sensitivity and
specificity of MRI to detect multicentric or bilateral cancer in patients with DCIS and the studies
of treatment decisions based on MRI; however, we did not exclude any study that reported other
MRI outcomes (tumor size, MRI patterns) in DCIS cases. For the question on natural history of
DCIS we intended to select any longitudinal study that reported eligible outcomes in untreated
women. For the questions on the effects of clinical interventions we selected randomized
controlled clinical trials, multicenter nonrandomized clinical trials, and observational studies
with more than 100 cases of DCIS; however, we did not exclude any study that reported the rates
of eligible outcomes among patients with DCIS.

The exclusion criteria included the following:

« Studies with target populations, such as children, adolescents, males, females with
lobular carcinoma in situ or invasive breast cancer.

« Studies that examined the distribution of histo-pathological types of DCIS among
patients with breast cancer (all breast cancer in denominator).

« Studies that evaluated the association between levels of biological markers of breast
cancer and cancer progression (DCIS versus invasive cancer).

« Studies that reported absolute levels of biological markers of tumor or angiogenesis in
breast cancer patients.

« Studies that did not report rates of patient outcomes but evaluated treatment utilization or
women’s perception and knowledge about treatment options.

We conducted a pilot test to assess agreement in eligibility status among the principal
investigator and research assistants. We detected the reasons for disagreement to clarify
eligibility criteria. The principal investigator reviewed randomly selected excluded cohort studies
and clinical trials to confirm eligibility status.

Quality Assessment
Study quality was analyzed using the framework recommended in the manual of comparative

effectiveness reviews
(http://effectivehealthcare.ahrg.gov/repFiles/2007_10DraftMethodsGuide.pdf)
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Stage 1. Classification of the study design.

1. Is the study comparative?

2. Did investigators assign the exposure? If so, was the intervention allocated randomly?
Was randomization done at the individual level? If not, was more than one group of
subjects studied? Were exposure and outcome assigned at the same time? Were groups
assigned by exposure or by outcome?

Based on the answers to these questions, we classified the studies as:

1. Interventions. Randomized controlled trial (RCT) (I level of evidence)® or
nonrandomized controlled clinical trial (1A level of evidence) or nonrandomized
uncontrolled clinical trial.

2. Observations

Cohort (prospective) study with concurrent controls (I11-2A level of evidence). The study had
defined populations which were prospectively followed in an attempt to determine distinguishing
subgroup characteristics. The sufficient populations were observed over a sufficient number of
years to generate incidence rates subsequent to the selection of the study group.

Cohort (retrospective) study with concurrent controls (11C level of evidence). The study had
defined populations which were retrospectively followed in an attempt to determine
distinguishing subgroup characteristics. The essential feature is that some of the persons under
study have the disease or outcome of interest and their characteristics are compared with those of
unaffected persons.?

Case control (retrospective) study. The study started with the identification of persons with a
disease of interest and a control (comparison, referent) group without the disease. The
relationship of an attribute to the disease was examined by comparing diseased and nondiseased
persons with regard to the frequency or levels of the attribute in each group.

Cohort (prospective) study with historical controls (11B level of evidence). The study had
defined populations which were prospectively followed in an attempt to determine distinguishing
population characteristics with historical controls.

Nested case control. The study started with the identification of persons with a disease of
interest and a control (comparison, referent) group without the disease that were identified within
the cohort of the subjects, participants in prospective cohort study. The relationship of an
attribute to the disease was examined by comparing diseased and nondiseased persons with
regard to the frequency or levels of the attribute in each group.

Cross-sectional study. The study determined the association with a disease at one particular
time point.

Stage 2. Abstract predefined criteria for quality for critical appraisal.?**® We evaluated
quality of observational studies using criteria of internal and external validity.”” We evaluated
quality of interventional studies using criteria from the Cochrane manual,?* including
randomization, adequacy of randomization and allocation concealment, masking of the treatment
status, intention to treat principles, and justification of the sample size. We abstracted the
following criteria of internal validity: masking of the treatment status, preplanned intention to
treat analysis, adequacy of allocation concealment, randomization scheme, adequacy of
randomization, similarity of comparison groups, validation of the methods to measure the
outcomes, loss of followup, strategy to reduce bias in design, control for confounding factors in
analyses, and reported estimates (crude, adjusted).
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Stage 3. Ratings of quality of individual studies. We rated quality of the studies based on
the CER manual (available at
http://www.effectivehealthcare.ahrg.gov/healthinfo.cfm?infotype=rr&ProcessID=60).

Well designed (good- low risk of bias). These studies have the least bias and results are
considered valid. A study that adheres mostly to the commonly held concepts of high quality,
including the following: a formal randomized controlled study; clear description of the
population, setting, interventions, and comparison groups; appropriate measurement of
outcomes; appropriate statistical and analytic methods and reporting; no reporting errors; low
dropout rate; and clear reporting of dropouts.

Fair. These studies are susceptible to some bias, but it is not sufficient to invalidate the
results. They do not meet all the criteria required for a rating of good quality because they have
some deficiencies, but no flaw is likely to cause major bias. The study may be missing
information, making it difficult to assess limitations and potential problems.

Poor (high risk of bias). These studies have significant flaws that imply biases of various
types that may invalidate the results. They have serious errors in design, analysis, or reporting;
large amounts of missing information; or discrepancies in reporting.

Rating the Body of Evidence

We rated body of evidence following the guidelines from the CER manual, the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) Working Group,**#
and the U.S Preventive Task Force criteria.??

First, we evaluated a risk of bias based on

A. Individual study design (RCT, prospective cohort, retrospective cohort or case control
studies, cross-sectional study, case series)
B. Quality of the study

We considered properly designed RCTs to provide unbiased estimations of the causal effects
of the treatments on patient outcomes. Well designed prospective cohorts with concurrent
controls and multivariate analysis of the associations resulted in low risk of bias estimations of
the association between risk factors and incidence of DCIS or between treatments and patient
outcomes. Well designed retrospective cohorts with concurrent controls or case control studies
with randomly selected population based controls and multivariate analysis of the associations
resulted in estimations of the associations with a medium risk of bias. Cross-sectional
comparisons and crude estimations were considered to have a high risk of bias.

Then we evaluated consistency in the associations defined as the degree to which reported
effect sizes from included studies appear to go in the same direction with the narrow range of
effect size (precision). Consistent results from unbiased studies or studies with low risk of bias
were defined as high level of evidence. Consistent results from studies with medium risk of bias
were defined as moderate level of evidence. Inconsistent results from RCTs or prospective
cohorts as well as consistent results from the studies with high risk of bias were defined as low
level of evidence. All indirect comparisons were considered as low level of evidence.

We applied the GRADE criteria to lower level of evidence for imprecise or sparse data if the
results include few events of the outcomes or to increase the level of evidence for significant
dose response associations. We did not calculate formal scores for therapeutic studies with
different design and quality.
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The final evaluation of the body of evidence defined high level of evidence 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 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.

Applicability

Applicability of the population was estimated by evaluating a selection of subjects in
observational studies and clinical trials.?” We abstracted the following criteria of external
validity: source of patients, adequacy of the sampling (random selection or not), response rate,
sampling bias assessment, description of sampling bias when detected as differences between
study sample and target population as reported by authors, results of assessment of sampling
bias, and inclusion and exclusion criteria. We considered that the studies of incidence of DCIS
that were conducted in the United States had the highest applicability. Large observational
cohorts based on national registries, population-based surveys, and nationally representative
administrative and clinical databases or cancer registries had high applicability. Applicability of
the intervention duration was high for studies with followup of 1 year or more and acceptable for
studies with followup of 6-12 months.

Data Extraction

Evaluations of the studies and data extraction were performed manually and independently
by four researchers. The data abstraction forms are shown in Appendix E. Errors in data
extractions were assessed by a comparison with the established ranges for each variable and the
data charts with the original articles. Any discrepancies were detected and discussed. Quality
control was conducted by the researchers. We abstracted incidence of DCIS as reported by the
authors, including number of incident DCIS cases, age-adjusted rates of DICS per 1,000
screened or per 100,000 standardized female population. We abstracted cumulative incidence
during the study period to estimate annual incidence rates. We abstracted the number of patients
with outcomes per treatment status and patient or tumor characteristics to calculate rates of the
outcomes, relative risk, or absolute risk difference with 95 percent confidence intervals (Cl). We
abstracted adjusted relative measures of the association as reported relative risk, odds ratio, or
hazard rate ratio. We abstracted the number randomized to each treatment group as the
denominator to calculate estimates applying the intention to treat principle.® We abstracted the
time when the outcomes were assessed as weeks from randomization and the time of followup
post treatment. We extracted author reported adjustments for patient age, race, gender,
confounding factors, and treatment status.

Data Synthesis

The results of individual studies were summarized in evidence tables (Appendix F).

Baseline data were compared in different studies to test differences in the target population
and unusual patterns in the data.?®*° Regression coefficients, and 95 percent CI were calculated
from reported means, standard errors, and sample size.?*

21



Pooling criteria included the same operational definitions of outcomes and the same risk
factors or clinical interventions.*? Meta-analysis was used to assess the consistency of the
association between risk factors and incidence of DCIS and between treatments and outcomes
with random effects models.®* We conducted analyses separately for relative measures of the
associations in logarithmic scale, events of clinical outcomes among those exposed and
nonexposed to risk factors or treatments, and for rates of positive sentinel node biopsy in women
with initial and final diagnosis of DCIS to calculate prevalence with 95 percent Cls in
logarithmic scale. Assumptions underlying meta-analysis included valid measurements of the
outcomes and similarity in study and target populations. The protocol for the meta-analyses was
created according to recommendations for meta-analysis of RCTs (the Quality of Reporting of
Meta-analysis [QUOROM] statement)* and observational studies (Meta-analysis of
Observational Studies in Epidemiology [MOOSE] statement™).

We tested consistency in the results comparing the direction and strength of the association.
Chi squared tests and | squared tests were used to assess heterogeneity.***’ Calculations were
performed using STATA software,*® SAS 9.2, and Meta-analyst software (available at
https://research.tufts-nemc.org/metaanalyst/) at the 95 percent confidence level. We calculated
the nurr;lger needed to treat and the number of events attributable to the treatments per 1,000
treated.

We assumed the presence of publication bias and did not use statistical tests for bias defined
as the tendency to publish positive results and to predict association when all conducted
(published and unpublished) studies are analyzed.**** We used several strategies to reduce bias,
including a comprehensive literature search of published evidence in several databases, reference
lists of systematic reviews, contacts with experts for additional references they might provide,
and agreement on eligibility status by several investigators.

22



Chapter 3. Results

This review addresses four related questions about DCIS. The first question addresses DCIS
incidence and detection. The second, DCIS diagnostic evaluation with MRI and the utility of
sentinel lymph node biopsy. The third addresses nontreatment factors associated with DCIS
outcomes, and the final question addresses the impact of treatment on DCIS outcomes. Figure 5
outlines the results of the literature review process, the articles identified, and those ultimately
deemed eligible.

Question 1. What are the incidence and prevalence of DCIS

and its specific pathologic subtypes, and how are incidence

and prevalence influenced by mode of detection, population
characteristics, and other risk factors?

The incidence of DCIS is gaining attention as it is increasing from a relatively rare finding in
the 1970s to a finding representing up to 25 percent of all breast cancers by 2004. In this chapter
we review factors related to the incidence of DCIS and, to the extent possible, place them in the
context of invasive breast cancer.

We identified 63 publications from population based studies that reported the incidence of
DCIS;®"#41% 36 studies were conducted in the United States (Appendix Table F1).1744-4648-
50,52,56,58-60,66,68,70-75,77,80-82,85,87-92,95,97,99,101,103 We identified 29 studies (Appendix Table F2) that
examined risk factors for DCIS 8099105112 88.113 92,114,115 68.116-128 Finht nopulation-based
mammography trials evaluated the effect of mammography on DCIS and invasive breast cancer
incidence. ™13

Incidence of DCIS per 100,000 Standardized Female Population

Population-based cancer registries offer some of the strongest evidence for changing
incidence of DCIS. We identified 11 studies analyzing the Surveillance Epidemiology and End
Results (SEER) database and state cancer registries to report incidence of DCIS per 100,000
standard U.S. female populations (Appendix Table F3),1/%659.73.74.77.8082909L95 Among foreign
studies, 12 retrospective cohorts,>>°>616267.69.76.788386.102 anq o RCTs reported incidence rates
per 100,000 female population (Appendix Table F4).>%’

Incidence over time. Regardless of source, the incidence of DCIS has increased dramatically
since the early 1970s. The National Cancer Institute (NCI) report SEER Cancer Statistics Review
1975-2004 estimated the incidence of DCIS in 2004 to be 32.5 per 100,000 women. While
considerably higher than the 5.8 per 100,000 in 1975, the rate is considerably less than the
invasive breast cancer incidence estimated to be 124.3 per 100,000 in 2004. These same trends
are reported in numerous studies using the SEER registries as a whole as well as single registries
or groups of registries.'”*""829% Thea incidence, however, was not stable across all DCIS
subtypes. DCIS with comedo necrosis, a particularly aggressive subtype of DCIS, has not
increased, while the increase in incidence of noncomedo DCIS increased 15-22 times.*

While other countries have also reported increases in DCIS, no country currently reports
rates as high as those observed in the United States. Age adjusted annual incidence of DCIS in

Appendixes and evidence tables cited in this report are available at http://www.ahrg.gov//clinic/epcix.htm
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the 1990s was the lowest in Switzerland (3.95 per 100,000) and Italy (6 per 100,000), with the
highest incidence in The Netherlands (11 per 100,000) (Figure 6 and Appendix Tables F4-
5).51,61,67,69,76,78,83

A series of autopsy studies examined the prevalence of undiagnosed DCIS among women
who died of reasons other than breast cancer. These studies were, without exception, conducted
prior to routine use of mammography and pointed to prevalence of unrecognized DCIS ranging
from less than 1 percent to 14.3 percent. These same studies found smaller amounts of
unrecongized breast cancer (less than 2 percent when reported) (Table 1).

Risk Factors for DCIS

In general, the risk factors that are explored for DCIS are the same factors that are associated
with invasive breast cancer. These risk factors are grouped into several broad categories: (1)
demographic factors, (2) reproductive factors, (3) biological risk factors such as family history,
(4) behavioral risk factors, and (5) screening using mammography. A sixth category is
chemoprevention and detection of DCIS for high risk women.

Demographic factors.

Age-specific incidence of DCIS. The incidence of DCIS, like invasive breast cancer, is
strongly related to age. Incidence of DCIS in the United States per 100,000 women is extremely
uncommon prior to age 35-39 (2.5 per 100,000 for women ages 30-34). After that, the incidence
rises steadily to a peak of 96.7 per 100,000 at ages 65-69 and then declines, slowly until age 79
and steeply after that.”"#2% |n contrast, invasive breast cancer peaks at age 75-79 with
incidence of 453.1 per 100,000 women (Figure 7). At no age is DCIS more common than
invasive breast cancer. Between the ages of 40 and 64, between 21 and 22.8 percent of all breast
cancers are DCIS. Prior to age 40 and after age 64 the proportion of breast cancers that are DCls
drops to as low as 9 percent. Studies of change in incidence of DCIS over time point to increases
in all age groups but are the greatest among women older than 50 years.’” 82

Race. Several studies report the incidence of DCIS by race or ethnicity. The overall age-
adjusted incidence rates per 100,000 population were the same in whites when compared to
nonwhites.” However, when examining racial groups more closely, the age adjusted incidence
of DCIS was the highest among Caucasian women (Appendix Table F6) followed by African
American and Asian-Pacific Islanders (Figure 8).”**° Hispanic women had the lowest age
adjusted incidence of DCIS. Consistent with these registry-based findings, five studies examined
the association between race and DCIS and with one exception reported African Americans had
lower incidence of DCIS than whites. The studies did not find any remarkable differences in
DCIS between white and Asian women (Appendix Table F7).2088115117.123 |t is important to note
the lower rates of DCIS for African American, Asian, and Hispanic women, coupled with lower
rates of invasive cancer. Thus, the evidence does not suggest that lower rates of DCIS in
nonwhites should be viewed as indicating a failure to diagnose breast cancer early but could be
related to lower underlying risk of breast cancer.

Urban/rural. One study used the SEER data to examine the change in DCIS incidence for
urban and rural women.”* That study found that prior to 1973 there were no urban/rural
differences between urban and rural-dwelling women. After 1973 the incidence of DCIS rose in
both groups but rose more steeply in urban women than in rural women. The study did not offer
comparable estimates of the incidence of invasive cancer or total breast cancer (DCIS plus
invasive) to provide context. Similar effects of residence were found in Australia, where urban-
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dwelling women were diagnosed more often with DCIS (9 per 100,000) than women from rural
areas (7.1 per 100,000, 95 percent Cl 6.3; 7.8)."

Education. A single study examined the role of education and found that less educated
women (<high school) had greater cumulative incidence of DCIS from January 1997 to
December 2001 (7.3 percent) compared to women with higher education (4.5 percent).®

Income. A single Australian study linked DCIS incidence to socioeconomic status and found
that the cumulative incidence of DCIS was the lowest in women of the lowest socio-economic
status (7.2 per 100,000) compared to women with the highest status (11.2 per 100,000).”®

Reproductive factors.

Age at menarche. Three studies examined the association between odds of DCIS and age at
menarche.'%*1%2 \While there was a slight trend toward decreased odds of DCIS associated
with older age at menarche, no study found a statistically significant association (Figure 9).'*’

Age at menopause. Age at menopause is challenging to examine in the context of DCIS
because the risk of DCIS increases with age, particularly around the age of menopause (45-60).
Thus, it can be challenging to separate the effects of aging with the hormonal changes associated
with menopause. A study based on the New York Tumor Registry found significantly increased
risk of DCIS for peri- and post-menopausal women compared to pre-menopausal women (Figure
10). Only the study based on the Connecticut Tumor Registry found a significant association
between age at menopause and DCIS. That study found the women who were over age 55 at
menopause had increased risk of DCIS compared to women who were less than 45 at
menopause.™® No other study found a significant positive association between increased odds of
DCIS and older age at menopause. The lowa Women’s Health Study found a slight,
nonsignificant increase in the relative risk of DCIS among women undergoing natural
menopause versus surgical menopause (RR 1.19, 95 percent Cl: 0.87-1.63).2%° The Connecticut
study al%)0 reported that for each year menopause is delayed, relative odds of DCIS rise by 2
percent.

Hormone replacement therapy. The association between hormone replacement therapy
(HRT) and DCIS was examined in five observational studies (Appendix Table F8).%8108.109.112120
Neither the lowa Women’s Health Study® nor studies based on the Breast Cancer Surveillance
Consortium database or state cancer registries found an association between ever (versus never)
use of HRT and increased risk of DCIS.*2!% A large prospective cohort study in the United
Kingdom based on the National Health Service Central Registers'® found a 56 percent increased
risk of DCIS in current users of HRT compared to never users (Figure 11). Two studies (the
lowa Women’s Health Study and the Breast Cancer Screening Consortium) found that the
increased risk of DCIS with HRT varied with duration of use. Current users of hormone
replacement therapy for less than 5 years compared to never users had significantly less risk of
DCIS (pooled relative risk [RR] 0.78, 95 percent Cl 0.63; 0.96).1%°**? Studies of current users of
HRT for more than 5 years found the opposite association, with greater risk of DCIS compared
to never users (pooled RR 1.41, 95 percent Cl 1.24; 1.59) (Figure 12).***2 The lowa Women’s
Health Study found no increased risk of DCIS among prior users of HRT compared with never
users.® In contrast, a case control study based on Wisconsin’s Cancer Registry reported
increased odds of DCIS among past users compared to never users.®® The United Kingdom study
also found an increased risk of DCIS among past users compared to never users.'®

The increased risk of invasive breast cancer associated with HRT is well established and
reported in both observational and randomized studies. The Women’s Health Initiative, a large
randomized trial of HRT and breast cancer risk, found no increased risk of DCIS associated with
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HRT.®"1% The large Million Women Study cohort, failed to comment on whether they observed
any increase in DCIS associated with HRT use.

Oral contraceptive use. The association between oral contraceptives and DCIS was examined
in five studies (Appendix Table F8).%8118120.122126 \\jomen who had ever used oral
contraceptives, >?%122126 \yere current users, or who used contraceptive sometime in the past
had the same odds of DCIS as never users (Figure 13). Two studies failed to find a significant
association between the duration of oral contraceptive use and DCIS incidence (Figure 14).1%21%
The association between ever use of oral contraceptives and DCIS in women with and without
family history, and post- and pre-menopausal women was not significant in the case control
study based on the Connecticut Tumor Registry (Figure 15).® The Connecticut Tumor Registry
study*?® found no significant differences in odds of DCIS by type of contraceptives, estrogen
dose (low or high), or progestin types when compared to never users. Studies of whether age at
oral contraceptive use influenced risk did not point to age being an important effect modifier
(Figure 16).

Parity. The association between parity and DCIS was examined in seven studies (Appendix
Table F9).%8:109.111.116120.123.128 Tha oy djes that examined the association between DCIS and age
at first live birth compared to less than 20 years found a significant increase in the risk of DCIS
among those who had their first child between 20 and 29 years (pooled RR 1.43, 95 percent Cl
1.07; 1.91) and more than 30 years of age (pooled RR 1.46, 95 percent Cl 1.27; 1.67) but not
among other age categories (Figure 17).%31%912012 \women who had their first live birth between
25-34 years of age had increased risk of DCIS compared to those 20-24 years of age, according
to the Danish Breast Cancer Cooperative Group registry (Figure 18).'! One case control study
from the Rapid Case Ascertainment Shared Resource at the Yale Cancer Center reported a
borderline significant positive association between older age at the first birth and DCIS (odds
ratio [OR] 1.02, 95 percent Cl 1; 1.05).'?° The University of California San Francisco Mobile
Mammography Screening Program found that nulliparous women or women older than 30 years
at birth of their first child had 130 percent greater odds of DCIS than women who had children
prior to age 30.*® The Danish cohort also found that women who had the first live birth after age
30 had an increased risk of larger tumors and comedo type DCIS (Figure 19).**

The association between number of births and DCIS was examined in six studies (Appendix
Table F10).109111116120.123.128 \njomen with four or more children had a 38 percent decreased risk
of DCIS compared with women with one child (pooled RR 0.62, 95 percent Cl 0.43; 0.90).*+1%3
Similar decreased risk associated with having three or more children relative to one child or no
children was reported by a large Swedish registry based study.*?® A case control study™?° found a
significant dose response association between greater number of births and reduced odds of
DCIS; however, a large Danish Breast Cancer Cooperative Group cohort did not show such
protective effect of parity (Figure 20).**

Biological risk factors.

Breast density. Premenopausal women with heterogeneous or extreme breast density had
higher risk of developing DCIS than women with scattered density.* Postmenopausal women
with heterogeneous breast density had a higher risk of DCIS (RR 1.41), while women with fatty
breasts developed DCIS less often (RR 0.58) when compared to women with scattered breasts
(Figure 21).%° A nested case control study also found increased odds of DCIS among women
with higher than 50 percent versus lower than 10 percent mean breast density (OR 2.86, 95
percent Cl 1.38; 5.94) (Figure 22).% Women with a mean breast density of >45 cm? also had
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greater odds of DCIS than women with a low breast density <15 cm? (OR 2.59, 95 percent CI
1.39; 4.82).%

Body composition. Three studies examined the association between body mass composition
and DCIS (Appendix Table F11).1%°%12 One case-control study based on the SEER database
reported that the odds of DCIS were greater in women with body mass index (BMI) <22kg/m2
(Figure 23).'?® The lowa Women’s Health study did not find greater risk of DCIS in women with
BMI <24 compared to overweight or obese women.'® Women with BMI >25 among women 30-
49 years old but not among those older than 50 years had increased odds of DCIS.*° The lowa
Women’s Health Study also failed to find an association between waist-to-hip ratio, a measure of
abdominal adiposity, and DCIS incidence.’®® Kerlikowske found increased odds of DCIS among
women with BMI greater than 25 who were between 30 and 49 years but not for women older
than 50 years."™® A single study found that heavily obese (BMI >35.0 kg/m 2) postmenopausal
women not taking hormone replacement therapy had increased odds of DCIS (OR 1.46, 95
percent Cl 1.14; 1.87) relative to normal weight women after adjustment to race, ethnicity, age,
mammography use, and registry.**®

Family history. Several studies reported that women with a family history of breast cancer or
a first degree relative with breast cancer had similarly increased odds of DCIS compared to
women without a positive family history (pooled OR 1.97, 95 percent ClI 1.10, 3.52) (Figure
24) 988116120 e sty dy found that the increased risk associated with having a sister with breast
cancer was greater for younger women than older women (OR 3.74 versus 2.1).

Several European surveillance trials reported DCIS incidence among BRCA1/2 gene
mutation carriers and women with high familial risk (Appendix Table F12).*%**” Annual DCIS
incidence varied from 0.1-1.5 percent in the Netherlands**™*" to 0.9 percent in Canada.'*? Other
studies reported intermediate rates: 0.2-0.6 percent in Norway*****! and 0.2-0.4 percent in the
United Kingdom.**3'* A U.S. study of similarly high risk women found the cumulative crude
incidence of DCIS over 7 years to be 9.1 percent (95 percent Cl 2.3; 30) (Appendix Table
F13).1 A cohort of 1,198 women followed for 3 years in the Netherlands'*’ reported higher
rates of DCIS among BRCA1/2 gene mutation carriers (0.4 percent) and among those with
estimated risk of breast cancer more than 25 percent (0.6 percent, 95 percent Cl 0.2; 1.7).

A study based on the Connecticut Tumor Registry did not observe a significant association
between family history of ovarian cancer and DCIS.'#

The association between DCIS and common variants on chromosome 5p12 was investigated
in a multinational case control study pooling individual patient data from 6,145 cases and 33,016
controls in several countries (Appendix Table F14).*?” Women with a single nucleotide
polymorphisms rs4415084 and rs10941679*" had increased odds of DCIS (Figure 25).'%’

Blood levels of lipids, proteins, sex hormones, and mitogenes. The association between DCIS
and blood levels of biologically active substances was examined in three studies (Appendix
Table F15).114119121 The New York University Women’s Health Study did not identify a
significant association between sex hormones and odds of DCIS (Figure 26)."* One case control
study reported a significant association between balance of mitogenes and odds of DCIS.*?
Women at high risk of cancerogenesis defined as higher tertile of insulin-like growth factor-1 and
the lowest tertile of insulin-like growth factor binding protein-3 had increased odds of DCIS (OR
3.7, 95 percent Cl 1.1; 12.2) (Figure 26).'?* One hospital-based case control study found no
association between serum cholesterol and odds of DCIS.™® The same study reported a dose
response increase in odds of DCIS among those with higher albumin levels.**®
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Benign breast conditions. The association between DCIS and previous breast biopsy or
surgery was examined in six studies (Appendix Table F16).%3:9299116.120.123 preyiigus breast
surgery was not associated with increased odds of DCIS (Figure 21).**® Two cancer registry
based case control studies*® and an analysis based on the SEER database* reported odds of
DCIS in women with previous breast biopsies compared with women with no history of breast
biopsy (pooled odds ratio 2.7, 95 percent Cl 1.4; 5.1, 1> 79.4 percent).*?**?* Women previously
diagnosed with benign breast disease had increased odds of DCIS by 88 percent (OR 1.88, 95
percent Cl 1.32; 2.68).%

Behavioral risk factors.

Alcohol. Three studies examined the association between DICS and alcohol intake (Appendix
Table F17).%81%9120 A case control study found a significant increase in the odds of DCIS among
women with 39-90g of alcohol/week or >91g/week compared to nondrinkers.®® Two other
studies, one case control'?® and a prospective cohort,'® did not find a significant association
between ever versus never drinkers or among those who consume more or less than 4g/day
compared to never drinkers (Figure 27).

Dietary beta carotene. One case control study examined the association between dietary beta
carotene intake and DCIS (Appendix Table F17).%® Women with the highest intake of beta
carotene (>258 kIU) had lower odds of DCIS compared to those with the lowest intake (<760
klU) (OR 0.54, 95 percent Cl 0.35; 0.84) (Figure 27).

Smoking. One case control study examined the association between DCIS and smoking and
did nﬁoﬁnd differences in odds of DCIS among ever versus never smokers (Appendix Table
F17).

Physical activity. One case control study, based on the Cancer Surveillance Program and the
Women’s Contraceptive and Reproductive Experiences Study,*** examined the association
between DCIS and physical activity (Appendix Table F17). Across all age categories, women
who exercised more than 4 hours per week had lower odds of DCIS than women who exercised
less (Figure 28).'2* The association between physical activity and DCIS was strong and
consistent among women with lifetime activity of at least 1 hour per week or 3-32 MET
hours/week compared to none (Figure 28).*2* Physically active women had a 34-47 percent
reduction in adjusted odds of DCIS (OR 0.65, 95 percent Cl 0.48; 0.9) for lifetime physical
activity compared to sedentary life styles.** The strongest protective effect was seen among
currently active women (10 years before the study) (Figure 28). Women who exercised more
than 4 hours per week within 10 years before the study had a 48 percent reduction in their odds
of DCIS (OR 0.52, 95 percent Cl 0.33; 0.8).'%*

Nonsteroidal anti-inflammatory agents. The lowa Women’s Health Study cohort examined
the association between nonsteroidal anti-inflammatory agents and the risk of DCIS (Appendix
Table F18).1° The multivariate adjusted relative risk of DCIS was significantly lower among
frequent aspirin users compared to nonusers (Figure 29). Surprisingly, the association was not
observed for other nonsteroidal anti-inflammatory agents (e.qg., ibuprofen).

Screening using mammography.

Screening. Many researchers and policymakers alike have questioned whether the recongized
increase in DCIS incidence is due in part or in total to increases in screening mammography. The
strongest evidence of the incidence in DCIS due to use of screening mammography comes from
eight population-based trials of mammography screening. These trials were initiated between
1963 and 1982: the Health Insurance Plan study,*** the Malmo study,** the Swedish Two-
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County trial,* the Edinburgh trial,** the Stockholm trial,** the Canadian National Breast
Screening Studies 1 and 2,*****? and the Gothenburg Breast Screening Trial (Table 2).**

The trials consistently reported that less than 20 percent of screen-detected breast cancers
were DCIS. The Two-County Study only found a low of 8 percent of breast cancers to be DCIS,
while the NBSS-1 found a high 19 percent of breast cances to be DCIS. Thus, all trials found that
mammographic screening was more likely to lead to the diagnosis of invasive breast cancer than
of DCIS. The Two-County Study observed slightly lower rates of invasive cancer among the
screened relative to ususal care (RR 0.95) and significantly higher rates of DCIS among screened
relative to usual care RR of screening 1.95 (95 percent CI 1.38; 2.74).>* > All but the National
Breast Cancer Screening trials found mammography to result in significant reductions in breast
cancer mortality. An analysis combining the Gothenburg Trial and the Two-County Trial®
defined over-diagnosis as histologically confirmed DCIS detected by active screening that would
not have been diagnosed clinically during a woman’s lifetime without screening. This was
assessed by comparing the number of cases of DCIS and invasive cancer in the screened
population relative to the control. The authors estimated that 15 percent of DCIS cases in the
Swedish Two-County trial and 18 percent of DCIS in the Gothenburg Trial represent over-
diagnosis and concluded that over diagnosed DCIS did not present a major clinical or public
health problem.

The conclusions from the randomized trials are supported by a number of population-based
studies from the United States and around the world. Namely, while mammography results in
increased detection of DCIS, the number of invasive cancers always outnumbers DCIS cases
(Table 3). The impact of screening in these observational studies was assessed using two related
definitions: DCIS incidence per 100,000 female population and per 1,000 screned women.
Twenty-one U.S. studies reported the number of diagnosed cases of DCIS among the number of
screened women during a time period of the study (Appendix Table F19).44464-
5052,58,60,66,71,72,85,87-89,91,92.97.99.103 9 sjx studies reported the cumulative incidence of DCIS in the
United States per 1,000 screened women (Appendix Table F20).7%72758188101 iy re 30
illustrates the relationship of mammography rates, DCIS, and invasive breast cancer in the
United States. Invasive breast cancer has not increased significantly since 1987 and has actually
declined since 2000. While DCIS increased 200 percent over this period and mammography use
increased by almost 250 percent, the increase in mammography use was seen considerably
sooner than the increase in DCIS.

The effect of screening programs on incidence of DCIS per 1,000 screening mammograms
was studied using data from the Breast Cancer Surveillance Consortium and the National Breast
and Cervical Cancer Early Detection Program.’*">®* Cumulative incidence did not differ among
screening programs.’">#! The incidence of screen-detected DCIS (0.78 per 10,000 screened, 95
percent Cl 0.60; 0.95) was greater than the incidence of nonscreen-detected DCIS (0.13 per
10,000 nonscreened). The same pattern was observed across all age categories (Figure 31).
Incidence of DCIS in the United States increased over time as measured with both definitions.
The data revealed greater increases over time in incidence per 100,000 population than per 1,000
screened (Figure 32). That is, the incidence of DCIS increased over time, even when the rate of
mammography was constant (Figure 33). The rate of screen-detected DCIS was higher in the
older age group (1.07, 95 percent CI 0.87; 1.27) compared to women 40-49 years old (0.56, 95
percent Cl 0.41; 0.70)."

There is considerable evidence that the detection of DCIS is greatest at baseline screen. An
average annual incidence of DCIS per 1,000 screening mammograms was greater after the first
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screen for women 50-59 and 70-84 years of age than for subsequent screens (Figure 33).”? Both
screening and population-based studies point to increased detection on baseline screen and
decreased rates of DCIS detection on followup screens. Though the differences are not large,
they do suggest that the greatest increase in incidence will be observed when a population
undergoes initial screening and that the increases in incidence based on this initial screen will
over estimate population impact for a population undergoing routine screening.

Incidence of different subtypes of DCIS was examined using data from the BreastScreen
NSW, an Australian mammographic screening program (Figure 34).”® Incidence of high grade
DCIS was greater (4.2 per 100,000, 95 percent Cl 3.9; 4.5) than low grade DCIS (1.2 per
100,000, 95 percent CI 1.1; 1.4). Incidence of small tumors less than 2cm was greater (2.1 per
100,000) than for larger DCIS tumors more than 2cm (1.1-1.4 per 100,000).”° Several U.S.-based
studies have noted that the incidence of noncomedo DCIS increased substantially while the
incidence of comedo DCIS, a high grade, high risk subset, has not increased as dramatically
(Figure 35).178082

Several studies examined whether screening had differential impact on DCIS incidence
across racial/ethnic groups (Appendix Table F21).”%77>818101 caycasian, Chinese, and Filipino
women had the same incidence of DICS (1.6-1.7 per 1,000 mammograms) after adjustment for
age, previous mammogram, family history of breast cancer, age at live birth, and BMI.%

Chemoprevention and detection of DCIS in high risk women.

Chemoprevention of DCIS. While several trials have been undertaken that have been used to
assess the value of tamoxifen or ralofene for preventing DCIS, the trials, in reality, were
designed to assess the value of the agents for preventing breast cancer, with DCIS as a secondary
outcome. Several well designed, double blind, RCTs investigated the protective role of
tamoxifen on DCIS.1%" The National Surgical Adjuvant Breast and Bowel Project P-1 study
examined the protective effect of tamoxifen among high risk women. The study found
statistically significant reductions in both DCIS and invasive breast cancer associated with
tamoxifen use. The International Breast Cancer Intervention Study enrolled 7,152 high risk
women between the ages of 35 and 70 from the United Kingdom, Australia, and New Zealand.
The women were randomized to tamoxifen, 20mg/day for 5 years, or placebo.'® The tamoxifen
group experienced a 69 percent reduced incidence of DCIS at 50 months (RR 0.31, 95 percent CI
0.12; 0.82) (Figure 36). The protective effect, however, was 4 years after treatment stopped
(study month 96) suggesting that the value of tamoxifen for preventing breast cancer or DCIS
may not be maintained after treatment ceases.'® The Royal Marsden breast cancer prevention
trial'®” assigned 2,494 healthy women to oral tamoxifen (20mg/day) or placebo for 8 years. The
study did not find a significant protective effect of tamoxifen on DCIS incidence at 13 years of
followup. While suggestive, it did not find a statistically significant protective effect for invasive
cancer (hazard ratio [HR] 0.78, 0.58-1.04).

The Study of Tamoxifen and Raloxifene (STAR) trial was a randomized trial of over 19,000
women who were randomized to one of two therapies for preventing breast cancer. Women in
the tamoxifen group had half the incidence of in situ breast cancer (lobular carcinoma in situ
[LCIS] or DCIS) than women in the raloxifene group (57 versus 81 in situ cancers). However,
the study also found with both treatments the risk of invasive breast cancer decreased by half.
Offsetting the reduced incidence of DCIS was the observation that the women randomized to
raloxifene after 4 years had 36 percent fewer uterine cancers and 29 percent fewer blood clots
than the women assigned to the tamoxifen arm.*>2
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The Continuing Outcomes Relevant to Evista (CORE) and Multiple Outcomes of Raloxifene
Evaluation (MORE) are randomized double-blind trials examining the impact of raloxefene for
preventing invasive breast cancer among post-menopausal women with osteoporosis.*® The
CORE trial represents increased followup of the MORE population. The CORE study found
significantly reduced incidence of invasive breast cancer associated with raloxifene (HR 0.50)
but a nonsignificant increase in the incidence of DCIS among the treated women (HR 1.78). The
inconsistent impact of raloxefene on DCIS and invasive breast cancer incidence deserves further
investigation and may, ultimately, shed light on the biology of DCIS and invasive breast cancer
and factors the control invasive progression.

High risk screening (Appendix Tables 12 and F13). It is well recognized that mammography
does not have perfect sensitivity or specificity. As a result, there are ongoing efforts to improve
the sensitivity and specificity of screening modalities, particularly for women at high risk of
developing breast cancer. One characteristic that is associated with poorer sensitivity of
mammography is dense breast tissue. While current guidelines do not recommend screening
ultrasound for detection of breast cancer, there is some literature suggesting that ultrasound alone
or in combination with mammography might be superior in this case. We found no evidence that
ultrasound can improve detection of DCIS in asymptomatic women during population screening
programs. The largest U.S. study of 11,130 asymptomatic women who underwent 27,825
screening sessions reported 75.3 percent sensitivity, 96.8 percent specificity, and 20.5 percent
positive predictive value of screening ultrasound to detect breast cancer.™* However, the
proportion of false-positive results with ultrasound was higher than with mammography.
Evidence from screening studies in women with radiographically dense breasts suggested that
0.1 percent™® to 0.3 percent™"**® of diagnosed breast cancer cases were diagnosed with
ultrasound only. Two studies reported that the specificity of ultrasound is lower in younger
women than older women.***** In addition to screening mammography, ultrasound can
accurately distinguish some solid lesions as benign, reducing the rates of unnecessary
biopsy.*”'® The American Cancer Society Guidelines for Breast Cancer Screening found
limited clinical evidence for effectiveness or equivalence of ultrasound to screen-film
mammaography for screening for breast cancer.'*

Screening MRI is another option for breast cancer screening. Due to high cost, it is not
recommended for routine use but has been explored for women with very high risk, such as
carriers of BRCA 1 and 2 genes. Eight prospective case series reported rates of MRI-detected
DCIS associated with the BRCA 1 and 2 genes (Appendix Table F22).341*"1%7 cumulative
incidence was 1 percent'®® or less,34161:162.164-166

One American study of BRCA1 or BRCA2 mutation carriers of women with less than a 10
percent risk of developing breast carcinoma at 10 years, reported the highest detection rate of
DCIS by MRI, 2.4 percent (95 percent Cl 0.3; 15.4).2" The studies did not compare detection
rate after MRI with other diagnostic procedures. One study compared the predictive value of
MRI to mammography to detect breast cancer in women with family history using population
based screening in the Memorial Sloan-Kettering breast cancer trials.’®® Crude detection rates
tended to be higher after mammography (1.2 percent) compared to MRI (0.5 percent). The
positive predictive value of MRI was higher (13 percent versus 6 percent) among those with the
strongest self-reported family history; the authors concluded that MRI screening should be
provided for women with a strong family history of breast cancer.

Finally, the European Group for Breast Cancer Screening consensus statement stated the
value of diagnostic ultrasound for targeted examination of both palpable and impalpable breast
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abnormalities with no evidence to support screening ultrasound in asymptomatic women.'®® The
American Cancer Society guideline recognized there was insufficient evidence to support the
addition to mammography of other screening modalities such as ultrasound or MRI for women at
high risk of breast cancer incidence.'*

Conclusion. There is ample evidence that the incidence of DCIS is increasing and that the
increases are largley due to increased use of screening mammaography. Several population-based
trials along with other population-based registries also support the conclusion that
mammogrpahy is more effective at identifying invasive breast cancer than DCIS. We were
unable to find any study that reported both DCIS and inivasive breast cancer that reported
detecting more DCIS than invasive breast cancer. Thus, while the increase in DCIS is likely due
to screening, the benefits of screening as a means of detecting invasive breast cancer outweigh
the increased detection of DCIS.

There is remarkable similarity in risk factors between DCIS and invasive breast cancer with
two notable excpetions—first, the age pattern of DCIS and invasive breast cancer are somewhat
different. DCIS peaks at a younger age than does invasive cancer. Second, there is no evidence
that HRT is associated with increases in DCIS incidnece as it is with invasive breast cancer.
Other risk factors including breast density, family history, and history of benign breast disease
are similar between invasive cancer and DCIS.

Trials of tamoxifen and raloxefene for breast cancer prevention point to both drugs being
effective for preventing invasive breast cancer but tamoxifen being more effective for preventing
DCIS. Understanding this effect and how best to prevent all forms of breast cancer deserves
further attention.
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Figure 5. Study Flow

Included Studies
Review

Eligible original studies

274

374

Identified Studies

Medline via PubMed 3,469

Scirus database 46

Manual search of the reference lists 41

Related articles in Medline 10

Cochrane library 3

ISBN 12

Excluded Studies
Number % among excluded % among retrieved

Excluded 2,933
Not eligible target population 877 29.9 24.5
Not eligible exposure 63 2.1 1.8
Not eligible outcomes 1,386 47.3 38.7
Not relevant reviews 14 0.5 0.4
Case reports 363 12.4 10.1
No hypotheses tested 8 0.3 0.2
Comment 27 0.9 0.8
Cost-effectiveness analysis 1 0.0 0.0
Editorial 1 0.0 0.0
Consensus or expert opinion 1 0.0 0.0
Full text was not available 7 0.2 0.2
Language 21 0.7 0.6
Secondary data report 21 0.7 0.6
Letters, news 4 0.1 0.1
No evidence reported 134 4.6 3.7
Guideline 5 0.2 0.2
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Figure 6. Time trend in age adjusted annual incidence of DCIS per 100,000 females (results from individual
studies)61,67,76,78
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Table 1. Prevalence of occult DCIS in autopsy studies

. . Invasive
Study P(_)pulatlon/ Number Median Occult DCIS Breast Cancer
Timeframe Age

# % # %
Kramer, 1973"°  Autopsy series before 1972 70 79 3 4.3 1 1.4
Nielsen, 1984'™  Autopsy series 1976-1977 77 NR 11 14.3 1 1.3
Alpers, 1985""" Autopsy series before 1984 101 57 9 8.9 NR
Bhathal, 1985"°  Autopsy series before 1985 207 60 25 12.0 3 15
Bartow, 1987'"°  Autopsy series 1978-1983 490 39 1 <1 5 3.3
Nielsen, 1987 Autopsy series 1983-1984 109 39 1 <1 5 1

Figure 7. Incidence of DCIS and invasive breast cancer by age (2002-2006)""°
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Figure 8. Age-adjusted rates of DCIS and invasive breast cancer, SEER 2002-2006, by race'’®
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Figure 9. Association between age at menarche and DCIS'%116:120

Comparison categories in years (source of data (odds ratio or relative risk))

1 year increment (Registry (CT) (OR))

12 vs. < 11 (Registry (CT) (OR))

12-13 vs. <11 (IWHS (RR))

13 vs. < 11 (Registry (CT) (OR))

<12 among 30-49 years old (Screening Program (CA) (OR))

<12 among >50 years old (Screening Program (CA) (OR))

>14 vs. < 11 (Registry (CT) (OR))

>14 vs. <11 (IWHS (RR))

Relative measure of association (95% CI)

0.96 (0.90, 1.02)

1.07 (0.79, 1.45)

0.71 (0.48, 1.05)

0.91 (0.68, 1.23)

1.50 (0.80, 3.10)

0.90 (0.40, 2.00)

0.84 (0.62, 1.14)

0.76 (0.49, 1.17)

0.3




8¢

Figure 10. Association between menopause and DCIS

109,119,120

Comparison categories (source of data (odds ratio or relative risk))

Age at menopause

1 year increment (Registry (CT) (OR))
45-49 vs. <45 (Registry (CT) (OR))
50-54 vs. <45 (Registry (CT) (OR))
>45-54 vs. <44 (IWHS (RR))

>55 vs. <44 (IWHS (RR))

>55 vs. <45 (Registry CT) (OR))

Menopause
Peri- vs. premenopausal (Registry (NY) (OR))
Post- vs. premenopausal (Registry (NY) (OR))

Surgical vs. natural menopause (IWHS (RR))

Relative measure of association (95% ClI)

1.02 (1.00, 1.04)
1.34 (0.96, 1.87)
1.16 (0.83, 1.61)
1.26 (0.86, 1.85)
1.18 (0.67, 2.10)

1.71 (1.05, 2.77)

. 14.43 (2.60, 80.11)

— 2.54 (1.16, 5.56)

1.19 (0.87, 1.63)

0.01
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Figure 11. Association between ever use of hormone replacement therapy and DCIS*%¢112120

Study (odds ratio or relative risk) (Sample size of the study) Relative measure of association (95% CI)

Ever use for <5 years vs. never use

IWHS (RR) (37 105)

*

1.08 (0.77, 1.52)

Ever use for >5 years vs. never use

IWHS (RR) (37 105)

L 3

1.10 (0.68, 1.77)

Ever use vs. never use
Cancer center Registry (CT) (OR) (1874) ¢ 1.22 (0.99, 1.52)
Breast Cancer Surveillance Consortium (RR) (373265) M 0.98 (0.89, 1.07)

Current use vs. never use

UK Central Registers (RR) (1 031 224) * 1.56 (1.38, 1.75)

Past use vs. never use

UK Central Registers (RR) (1 031 224) - 1.19 (1.03, 1.38)

0.6 1 1.8
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Figure 12. Association between hormone replacement therapy and DCIS

Study (odds ratio or relative risk) (Sample size of study)

Current use <5 years vs. never use

Breast Cancer Sgrveillance Consortium (RR) (373265)
IWHS (HR) (37105)

Subtotal (I-squared = 0.0%, p = 0.649)

Current use >5 years vs. never use

IWHS (HR) (37105)

Breast Cancer Surveillance Consortium (RR) (373265)
Subtotal (I-squared = 0.0%, p = 0.882)

Past use<5 years vs. never use
IWHS (HR) (37105)

Cancer Registry (WI) (OR) (3999)
Subtotal (I-squared = 83.8%, p = 0.013)

Past use >5 years vs. never use

109,112,176

Relative measure of association (95% CI)

*

IWHS (HR) (37105)
Cancer Registry (WI) (OR) (3999)
Subtotal (I-squared = 82.3%, p = 0.017)

NOTE: Weights are from random effects analysis

0.77 (0.62, 0.96)
0.94 (0.41, 2.16)
0.78 (0.63, 0.96)

1.35 (0.77, 2.36)
1.41 (1.24, 1.60)
1.41 (1.24, 1.59)

0.91 (0.61, 1.34)
2.03 (1.24, 3.34)
1.34 (0.61, 2.94)

0.29 (0.07, 1.18)
1.83 (1.05, 3.20)
0.82 (0.14, 4.92)

0.07

14
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Figure 13. Association between oral contraceptives and DCIS

Source of the data (sample size)

68,122,125,176

OR (95% CI)

Oral contraceptive ever use vs. never
Cancer center Régistry (CT) (1874) - Y7 0.92 (0.72,1.18)
Collaborative Breast Cancer Study (9512) L 1.15(1.01, 1.31)
Cancer Registry (WI) (3999) - 1.25 (0.89, 1.77)
Cancer center Registry (CT) (1998) L 1.00 (0.80, 1.20)
Subtotal (I-squared = 20.1%, p = 0.289) 1.08 (0.96, 1.21)
Oral contraceptive current use vs. never
Cancer center Registry (CT) (1998) > 0.60 (0.30, 1.30)
Oral contraceptive past use vs. never
Cancer center Registry (CT) (1998) * 1.00 (0.80, 1.30)
NOTE: Weights are from random effects analysis
\ \
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Figure 14. Association between duration of oral contraceptive use and DCIS

Source of the data (sample size of the study)

122,125

OR (95% Cl)

OC use for <2 years
Collaborative Breast Cancer Study (9512) = 1.09 (0.91, 1.31)
Cancer Center Registry (CT) (1998) 0.80 (0.50, 1.10)
Subtotal (I-squared = 48.7%, p = 0.163) e E—— 0.98 (0.74, 1.31)
OC use for <5 years
Collaborative Breast Cancer Study (OR) (9512) - = 1.28 (1.07, 1.52)
Cancer Center Registry (CT) (OR) (1998) * 1.00 (0.80, 1.40)
Subtotal (I-squared = 53.4%, p = 0.143) s S 1.16 (0.92, 1.47)
OC use for 5-9 years
Collaborative Breast Cancer Study (OR) (9512) * 1.14 (0.92, 1.40)
Cancer center Registry (CT) (OR) (1998) * 1.10 (0.70, 1.50)
Subtotal (I-squared = 0.0%, p = 0.872) —_ — 1.13 (0.94, 1.36)
OC use for >9 years
Collaborative Breast Cancer Study (OR) (9512) * 1.08 (0.89, 1.33)
Cancer Center Registry (CT) (OR) (1998) 0.90 (0.60, 1.50)
Subtotal (I-squared = 0.0%, p = 0.475) — 1 1.05 (0.87, 1.26)
NOTE: Weights are from random effects analysis

I

5 1
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Figure 15. Association between ever use of oral contraceptives and DCIS in subgroups by family history of
breast cancer and menopausal status (multivariate adjusted odds ratio from the study based on the
Connecticut Tumor Registry)*®

Family history of breast cancer (DCIS cases) OR (95% CI)

All women

Family history none (243)

Family history first degree (83)
Family history second degree (98)
Family history any (161)

Post-menopausal

Family history none (136)

Family history first degree (50)
Family history second degree (51)
Family history any (89)

Pre-menopausal

Family history none (92)

Family history first degree (31)
Family history second degree (42)
Family history any (67)

*

0.90 (0.70, 1.20)
0.90 (0.50, 1.70)
1.30 (0.70, 2.20)
1.10 (0.70, 1.70)

1.10 (0.70, 1.50)
0.80 (0.40, 1.50)
1.10 (0.50, 2.20)
0.90 (0.60, 1.60)

0.70 (0.40, 1.20)
2.30 (0.70, 8.00)
1.60 (0.60, 4.20)
1.80 (0.80, 4.10)
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Figure 16. Association between oral contraceptive use and DCIS by starting age**8?212°

Source of the data (estimate) (sample size of the study) Relative measure of association (95% ClI)

Age started OC use >35 years
WHO study (Prevalence rate ratio) (1503) * 2.15 (1.05, 4.40)
Cancer center Registry (CT) (OR) (1998) * 1.20 (0.60, 2.30)
Subtotal (I-squared = 26.2%, p = 0.245) e 1.58 (0.90, 2.80)
Age started OC use <20 years
Collaborative Breast Cancer Study (OR) (9512) L 1.34 (1.06, 1.68)
Cancer center Registry (CT) (OR) (1998) * 0.70 (0.40, 1.10)
Subtotal (I-squared = 80.9%, p = 0.022) ] —— 1.01 (0.54, 1.90)
Age started OC use 20-23 years
Collaborative Breast Cancer Study (OR) (9512) L 1.19 (1.01, 1.41)
Cancer center Registry (CT) (OR) (1998) T 1.10 (0.80, 1.40)
Subtotal (I-squared = 0.0%, p = 0.636) O 1.17 (1.01, 1.35)
Age started OC use 25-29 years
Collaborative Breast Cancer Study (OR) (9512) . 1.06 (0.86, 1.31)
Cancer center Registry (CT) (OR) (1998) — 1.00 (0.70, 1.40)
Subtotal (I-squared = 0.0%, p = 0.778) 1.04 (0.87, 1.25)
Age started OC use >29 years
Collaborative Breast Cancer Study (OR) (9512) B S S 1.07 (0.85, 1.34)
Age started OC use 30-34 years
Cancer center Registry (CT) (OR) (1998) - & 0.90 (0.60, 1.40)
NOTE: Weights are from random effects analysis
\ \
0.3 1 4.4
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Figure 17. Association between DCIS and age at first live birth compared to less than 20 years

Source of the data (odds ratio or relative risk) (sample size)

20-24 years

Cancer Registry (WI) (OR) (3999)
SEER (OR) (3152)

Subtotal (I-squqred =0.0%, p = 0.521)

20-29 years

Cancer center Registry (CT) (OR) (1874)
IWHS (RR) (37105)

Subtotal (I-squared = 28.4%, p = 0.237)

25-29 years

SEER (OR) (3152)

Cancer Registry (WI) (OR) (3999)
Subtotal (I-squared = 0.0%, p = 0.706)

>30 years

SEER (OR) (3152)

Cancer center Registry (CT) (OR) (1874)
IWHS (RR) (37105)

Cancer Registry (WI) (OR) (3999)

Cancer Registry (Sweden) (RR) (1028455)

Subtotal (I-squared = 0.0%, p = 0.478)

NOTE: Weights are from random effects analysis

*

*

*

*

*

*

68,109,120,123,128

Relative measure of association (95% CI)

1.14 (0.73, 1.77)
0.89 (0.50, 1.70)
1.05 (0.73, 1.50)

1.68 (1.17, 2.43)
1.25 (0.90, 1.73)
1.43 (1.07, 1.91)

1.11 (0.60, 2.20)
1.30 (0.79, 2.15)
1.23 (0.82, 1.82)

1.23 (0.60, 2.50)
1.77 (1.12, 2.81)
1.92 (1.10, 3.37)
1.88 (1.16, 3.06)
1.37 (1.16, 1.59)
1.46 (1.27, 1.67)

\
0.3

45




Figure 18. Association between DCIS and age at first live birth among different age categories

Age categories, years
(source of the data (odds ratio or relative risk)

Compared to 20-24 years (Danish Breast Cancer Registry (RR)
12-19
25-29
30-34

35+

Compared to Nulliparous (Danish Breast Cancer Registry (RR)
Uniparous 20 years at first birth

Uniparous 24 years at first birth

Dose-response association
per 1 year (Cancer Center Registry (CT) (OR))

111,120

Relative measure of association

0.81 (0.62, 1.04)
1.22 (1.01, 1.47)
1.43 (1.06, 1.93)
1.22 (0.68, 2.21)

0.89 (0.84, 0.95)
0.93 (0.68, 1.28)

1.02 (1.00, 1.05)
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Figure 19. Association between types of DCIS and age at first live birth compared to 20-24 years (Danish
Breast Cancer Registry)*™*

Age categories in years RR (95% ClI)

DCIS comedo type

12-19 0.69 (0.44, 1.09)
25-29 - 1.38 (1.02, 1.88)
>30 1.63 (1.05, 2.52)

DCIS non comedo type

12-19 — 0.85 (0.62, 1.15)
25-29 R 1.14 (0.90, 1.44)
>30 — 1.27 (0.87, 1.83)

DCIS with Diameter <10mm

12-19 1.03 (0.60, 1.76)
25-29 1.27 (0.83, 1.96)
>30 . 0.88 (0.42, 1.84)

DCIS with Diameter >10mm

12-19 . 0.53 (0.32, 0.86)
25-29 R 1.29 (0.96, 1.73)
>30 ————+———  1.92(1.28,2.88)

Parity on Micro-focal DCIS

12-19 . 1.19 (0.77, 1.84)
25-29 e 1.09 (0.74, 1.60)
>30 0.93 (0.48, 1.79)
I I
0.3 1 3
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Figure 20. Association between parity and DC|S'0%111112120.123.128

Source of the data (odds ratio or relative risk) (sample size)

Number of births 1-2 vs. 0 |

IWHS (RR) (37105) .

Number of births >3 vs. 0

IWHS (RR) (37105) <
Swedish Registry (RR) (1028455) N B
Subtotal (I-squared = 0.0%, p = 0.877) =
Number of births 2 vs. 1

Danish Breast Cancer registry (RR) (1500000) N B
SEER (OR) (3152) —
Subtotal (I-squared = 0.0%, p = 0.405) =
Number of births 3vs. 1

SEER (OR) (3152) *

Danish Breast Cancer registry (RR) (1500000) r—
Swedish Registry (RR) (1028455) .
Subtotal (I-squared = 24.4%, p = 0.266) e
Number of births >4 vs. 1

SEER (OR) (3152) .

Danish Breast Cancer registry (RR) (1500000) T
Subtotal (I-squared = 0.0%, p = 0.498) I

iDarous vs. Nulliparous
Danish Breast Cancer registry (RR) (1500000) T
SEER (OR) (3152) *

Subtotal (I-squared = 86.8%, p = 0.006) e ——

iQR per birth
Cancer center Registry (CT) (OR) (1874) ==
Danish Breast Cancer registry (RR) (1500000) | ]

Subtotal (I-squared = 87.2%, p = 0.005)
NOTE: Weights are from random effects analysis

Relative measure of association (95% ClI)

0.98 (0.57, 1.68)

0.87 (0.52, 1.46)
0.83 (0.70, 0.99)
0.84 (0.71, 0.99)

1.00 (0.80, 1.24)
0.80 (0.50, 1.30)
0.96 (0.79, 1.17)

0.54 (0.30, 1.00)
0.93 (0.72, 1.21)
0.86 (0.75, 0.98)
0.85 (0.73, 1.00)

0.47 (0.20, 1.20)
0.66 (0.44, 0.98)
0.62 (0.43, 0.90)

1.05 (0.83, 1.33)
0.43 (0.24, 0.77)
0.70 (0.30, 1.67)

0.86 (0.80, 0.93)
1.03 (0.93, 1.14)
0.94 (0.79, 1.12)

\
0.2 1
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Figure 21. Association between breast density, previous history of breast biopsy or surgery, and

68,116,120,123
DCIS

Comparison groups (source of the data, odds ratio or relative risk)

Previous breast surgery among 30-49 years old
Previous breast surgery (Screening Program (CA) (OR)———

Previous breast surgery among >50 years old
Previous breast surgery (Screening Program (CA) (OR)———

Previous breast biopsy

Yes vs. no (Cancer center Registry (CT) (OR)
Yes vs. no (SEER (OR)

Breast density/Premenopausal (Screening Program (NH) (R

Fatty vs. Scattered .
Heterogeneous vs. scattered
Extreme vs. scattered

Breast density/postmenopausal (Screening Program (NH) (R
Fatty vs. scattered —
Heterogeneous vs. scattered

Extreme vs. scattered 7

Benign breast disease (Cancer Registry (WI) (OR)
Yes vs. no

Relative measure of association

(95% Cl)

1.00 (0.40, 2.40)

0.90 (0.40, 1.90)

3.56 (2.86, 4.43)
1.86 (1.10, 3.20)

0.29 (0.04, 2.24)
2.06 (1.39, 3.05)
2.40 (1.47, 3.91)

0.58 (0.37, 0.93)
1.41 (1.12, 1.78)
1.49 (0.93, 2.37)

1.88 (1.32, 2.68)

0.04 1
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Figureg%%é Adjusted odds ratios of DCIS by mammographic breast density (results from the Multiethnic
cohort™

Comparison groups OR (95% CI)

Mean percentage density (%) vs. <10

10-24.9 . 1.15 (0.57, 2.30)
25-49.9 1.29 (0.64, 2.59)
>50 . 2.86 (1.38, 5.94)

Mean breast dense area (cm2) vs. <15

15-29.9 . 1.05 (0.58, 1.92)
30-44.9 . 1.70 (0.90, 3.22)
>45 . 2.59 (1.39, 4.82)
I I
0.2 1 6
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Figure 23. Association between body composition and DCIS'?16:1%

Body mass index categories in kg/m2 (source of the data (odds ratio or relative risk))

BMI kg/m2

22-24.59 vs. <22 (SEER (OR)) -

24.3-28.3 vs. <24.3 (IWHS (RR)) S R
24.6-29.02 vs. <22 (SEER (OR)) -

>28.3 vs. <24.3 (IWHS (RR)) T

>29.03 vs. <22 (SEER (OR))

BMI at age categories
20.2-22.3 vs. <20.2 at age 18 (IWHS (RR)) I
>22.3 vs. <20.2 at age 18 (IWHS (RR)) I
>25 in 30-49 years (Screening Program (CA) (OR))
>25 in >50 years (Screening Program (CA) (OR))

Waist-to-hip ratio
0.79-0.87 vs. <0.79 (IWHS (RR)) *
>0.87 vs. <0.79 (IWHS (RR)) *

Relative measure of association (95% ClI)

0.55 (0.40, 0.90)
1.11 (0.77, 1.61)
0.57 (0.40, 0.90)
1.18 (0.82, 1.70)
0.41 (0.20, 0.70)

1.38 (0.98, 1.95)
0.73 (0.49, 1.10)
0.40 (0.20, 0.90)
1.10 (0.60, 1.90)

1.09 (0.76, 1.58)
1.12 (0.77, 1.62)




Figure 24. Family history of breast or ovarian breast cancer and DCIS

Source of the data (odds ratio or relative risk) (sample size)

Breast cancer family history

Cancer Registry (WI) (OR) (3999)
Cancer center Registry (CT) (OR) (1874)
Subtotal (I-squared = 88.5%, p = 0.003)

Breast cancer family history First degree
Cancer center Registry (CT) (OR) (1998)
IWHS (RR) (37105)

SEER (OR) (3152)

Subtotal (I-squared = 28.9%, p = 0.245)

Breast and ovarian family history

68,109,120,123,126

Relative measure of association

(95% CI)

Cancer center Registry (CT) (OR) (1998)

Breast and ovarian family history First degree

Cancer center Registry (CT) (OR) (1998)

Breast and ovarian family history Second degree

Cancer center Registry (CT) (OR) (1898

Ovarian cancer family history Second degree

Cancer center Registry (CT) (OR) (1998)

NOTE: Weights are from random effects analysis

2.68 (1.93, 3.72)
1.48 (1.19, 1.85)
1.97 (1.10, 3.52)

1.62 (1.26, 2.09)
2.09 (1.46, 3.00)
2.50 (1.50, 4.20)
1.90 (1.49, 2.42)

1.11 (0.51, 2.43)

1.51 (0.40, 5.65)

0.61 (0.15, 2.40)

1.09 (0.56, 2.12)

0.2 1
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Figure 25. Association between DCIS and common variants on chromosome 5p12 confer susceptibility to estrogen receptor-positive breast cancer
(odds ratios from the multinational case-control study, adjusted to age and other variables)127

Single nucleotide polymorphisms compared to none OR (95% CI)

L3

rs1219648 1.05 (0.88, 1.25)

*

rs4415084 1.25 (1.05, 1.49)

£

rs10941679 1.31 (1.09, 1.59)

0.6 1 1.6



Comparison categories

Androstenedione
2 tertilevs. 1
3tertilevs. 1

Dehydroepiandrosterone sulfate

*

DHEAS 2 tertile vs. 1

DHEAS 3 tertile vs. 1

Estradiol
2 tertile vs. 1

3tertile vs. 1

Estrone
2 tertile vs. 1
3 tertilevs. 1

Sex hormone-binding globulin
2 tertilevs. 1
3 tertilevs. 1

Testosterone
2 tertile vs. 1
3 tertilevs. 1

Figure 26. Age adjusted odds ratio of DCIS among categories of sex hormones (from the New York University
Women'’s Health Study)****?’

OR (95% Cl)

1.79 (0.80, 3.99)
0.94 (0.41, 2.14)

0.80 (0.34, 1.87)
0.84 (0.35, 2.03)

1.17 (0.53, 2.57)
0.94 (0.40, 2.23)

1.83 (0.79, 4.23)
1.02 (0.42, 2.48)

0.89 (0.41, 1.91)
1.01 (0.45, 2.30)

1.01 (0.43, 2.38)
1.14 (0.44, 2.94)

0.3
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Figure 27. Association between alcohol and dietary factors and DCIS®%%*2°

Comparison categories (source of data (odds ratio or relative risk))

Alcohol intake

39-90(g/wk) vs. none (Cancer Registry (W) (OR))

L 2

<39(g/wk) vs. none (Cancer Registry (WI) (OR))

<4g/d: vs. 0 (IWHS (RR))

>4g/d: vs. 0 (IWHS (RR))

291(g/wk) vs. none (Cancer Registry (WI) (OR))

Ever drink: Yes vs. no (Cancer Center Registry (CT) (OR)) *

Daily beta-carotene intake

*

OR (95% Cl)

1.68 (1.01, 2.79)
1.31 (0.84, 2.05)
1.19 (0.84, 1.69)

0.86 (0.57, 1.29)

Quartile 2 (760-149 kIU) vs.1 (<760 klU) (Cancer Registry (WI) (OR))

Quartile 3 (150-258 kIU) vs.1 (<760 kIU) (Cancer Registry (WI) (OR))
Quartile 4 (>258 klU) vs.1 (<760 klU) (Cancer Registry (WI) (OR)) *

*

1.82 (1.07, 3.08)

0.98 (0.78, 1.23)

1.03 (0.71, 1.48)
1.13 (0.79, 1.61)

0.54 (0.35, 0.84)

0.3

3.1
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Figure 28. Association between physical activity and DCIS (adjusted odds ratios from the Cancer Surveillance Program and the Women’s
Contraceptive and Reproductive Experiences Study)'®*

Comparison categories OR (95% CI)
Average hours/week of exercise activity 10 years after menarche vs. No activity, at any age
Activity only at other ages A 0.72 (0.50, 1.05)
< 1 hr/week * 0.55 (0.35, 0.89)
1-4 hr/week 71 0.71 (0.48, 1.06)
>4 hrs/week * 0.58 (0.36, 0.91)
Average hrs/week of lifetime exercise activity vs. none
< 1 hour/week - 0.66 (0.46, 0.94)
1-4 hours/week - 0.66 (0.46, 0.94)
>4 hours/week — 0.64 (0.42, 0.96)
Average hrs/week of lifetime exercise activity, no family history vs. none
< 1 hr/week - 0.66 (0.45, 0.97)
1-4 hrs/week - 0.60 (0.41, 0.88)
>4 hrs/week -t 0.53 (0.34, 0.82)
Ever exercise activity vs. no
Yes vs. No - 0.65 (0.48, 0.90)
Average MET hrs/week of lifetime exercise activity vs. none
>0-3.0 - 71 0.70 (0.48, 1.03)
>3.0-8.0 — 0.65 (0.44, 0.96)
>8.0-16.0 - 0.61 (0.41, 0.92)
>16.0-32.0 Y 0.63 (0.40, 0.98)
>32.0 * 0.65 (0.39, 1.08)
Average hours/week of exercise activity (10 yrs before refefence date), no family history vs. no activity
> 4 hrs/week * 0.43 (0.26, 0.69)
Average hours/week of exercise activity 10 years before reference date vs. no activity, at any age
Activity only at other ages - 71 0.68 (0.44, 1.06)
< 1 hr/week - 1 0.75 (0.48, 1.16)
1-4 hrs/week - 0.61 (0.43, 0.87)
> 4 hrs/week - 0.52 (0.33, 0.80)
\ \

0.3 1 4



Figure 29. Multivariate adjusted relative risk of DCIS in association with aspirin and nonsteroidal anti-
inflammatory agents (results from the lowa Women's Health Cohort Study)**

Use categories RR (95% ClI)

Aspirin use vs. Nonuse

<1/week 0.57 (0.35, 0.94)
1/week 1.22 (0.61, 2.44)
2-5/week * 0.52 (0.28, 0.95)

6+/week 0.52 (0.30, 0.90)

NSAID use vs. Non use

<1 per week 1.35(0.83, 2.21)
2-5 per week 0.67 (0.29, 1.56)
6+ per week N 1.28 (0.77, 2.13)
\ \
0.3 1 3.6
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Table 2. Population-based screening trials

_ Screened/ _ DCIS In\_/asive CA
Trial/Year Control (#/Cumulative Rate per 1,000) (#/Cumulative Rate per 1,000)
Screened Control Screened Control

Health Insurance Plan
Study, 1963"*
Malmo Study™ 21,088/21,195  240/0.28 178/0.21 2,400/2.8 2,232/2.6
Two-County Trial™® 77,080/55,985  123/1.60 46/0.82 1,303/16.9 996/17.8
Edinburgh Trial™™
Stockholm Trial™’ 40,318/19,943  43/0.091 14/0.058 385/0.814 2,03/0.848
Canadian National 25,214/25,126 71/2.92 29/1.19 592/ 552
Breast Screening Trial
1132
Canadian National 19,711/19,694 71/38.3 16/8.6 622 610
Breast Screening Trial
2131
Gothenburg Breast 21,904/30,318 38/NR 40/NR 271/NR 415/NR
Screening Trial**
Table 3. Diagnosis of DCIS and invasive cancer among screened populations

Study Cases of DCIS Cases of Invasive Breast Cancer sample

(Ductal when Specified)

Lewis, 1975
Country: USA
Time Period: Not specified

8

16

Sample size: 4,500

Schwartz, 1976%
Country: USA
Time Period: 1973-1975

96

Sample size: 13,907

Feig, 1977%
Country: USA
Time Period: Not specified

14

87

Sample size: 16,000

Simon, 1993
Country: USA
Time Period: 1975-1988

462

619

Sample size: Not specified
Detroit Michigan,
Population

Chan, 1998%
Country: Hong Kong
Time Period: 1993-1995

10

32

Sample size: 13,033

Ng, 1998
Country: Singapore
Time Period: 1994-1996

35

97

Sample size: 28,231

Erbas, 2004"
Country: Australia
Time Period: 1993-2000

1,127

5,301

Sample size: 1,000

Schott, 2008""®
Country: Germany
Time Period: 2001-2005

125

2,541

Sample Size: not reported

Hofvind, 2008 ™
Country: Norway
Time Period: 1996-2004

635

3,825

Sample size: Not specified

Ohuchi '
Country: Japan
Time Period: 1989-1991

25

Sample size: 9,634




Figure 30. Percent change in the age-adjusted incidence of DCIS, invasive breast cancer, and
mammography*’>*8°
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Figure 31. Cumulative incidence of DCIS per 1,000 mammograms from 1996-1999

First screening mammogram and subsequent

Data source (adiustment)

First screening mammogram

BCSC mammaography registries (*)
BCSC mammaography registries (**)
NBCCEDP (**)

BCSC mammaography registries (Crude)

Subsequent screening mammogram
BCSC mammaography registries (*)
BCSC mammography registries (**)
NBCCEDP (**)

BCSC mammaography registries (Crude)

72,75,81

Cumulative incidence per 1000
screening mammograms (95% CI)

e 1.50 (1.20, 1.80)
e 1.50 (1.20, 1.80)

—*— 1.90 (1.70, 2.20)
0.81 (0.80, 0.82)

0.83 (0.77, 0.90)
0.83 (0.77, 0.90)

—— 1.20 (1.10, 1.30)

0.76 (0.75, 0.77)

0.5
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Figure 31. Cumulative incidence of DCIS per 1,000 mammograms from 1996-1999 (continued)

Screen detected DCIS and nonscreen detected DCIS

Cumulative incidence per 1000

Data source .
screening mammograms (95% CI)

Non-screen-detected DCIS

BCSC mammography registries * 0.13 (0.05, 0.20)

Screen-detected DCIS

BCSC mammography registries * 0.78 (0.60, 0.95)

Total DCIS cases

BCSC mammography registries - 0.90 (0.72, 1.09)

BCSC - Breast Cancer Surveillance Consortium; NBCCEDP- National Breast and Cervical Cancer Early Detection
Program
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Figure 32. Time trend in crude annual incidence of DCIS per 1,000 mammograms from January 1997 to
December 2003 in women ages 50-69 years (results from Breast Cancer Surveillance Consortium
mammography registries)10
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Figure 33. Annual incidence of DCIS per 1,000 screening mammograms from January 1996 to December 1999
among age catogires of U.S. women depending on screening status (resutls from seven regional
mammography registries)’
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Figure 34. Cumulative incidence of DCIS by tumor grade and size in Australia (New South Wales Central
Cancer Registry, per 100,000 women age standardized to the world population from 1995-2000)76

Tumor grade or size (DCIS cases) Cumulative incidence (95% CI)
Grade
Low (1) - 1.20 (1.10, 1.40)
Intermediate (2) - 2.20 (2.00, 2.40)
High (4) | - 4.20 (3.90, 4.50)
Total (9) » 8.60(8.20, 9.00)
Unknown (1) — 0.90 (0.80, 1.10)
Size
0-0.9cm (2) - 2.10 (1.90, 2.30)
1-1.9cm (2) - 2.00 (1.80, 2.20)
2-29cm (1) - 1.10 (1.00, 1.30)
3+cm (1) — 1.40 (1.20, 1.50)
Total (9) » 8.60 (8.20, 9.00)
Unknown (2) - 2.00 (1.90, 2.20)
\ \
1 9
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Figure 35. Age-adjusted incidence rates of different histological types of DCIS among women ages 230 years,
1980 to 2001 (results from 9 SEER registries in Connecticut, Hawaii, lowa, New Mexico, and Utah and in the
metropolitan areas of Atlanta, Detroit, San Francisco-Oakland, Seattle-Puget Sound)82
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Figure 36. Chemoprevention of DCIS with tamoxifen (results from randomized trials)'**’

Randomized controlled clinical trial (sample size/months of followup) Relative risk (95% CI)

International Breast Cancer Intervention RCT 0.31 (0.12, 0.82)
(7152/50 months)

International Breast Cancer Intervention Study 0.64 (0.32, 1.20)
(7145/96 months)

Royal Marsden RCT 1.52 (0.66, 3.50)
(2471/158 months)




Question 2. How does the use of MRI or SLNB impact
iImportant outcomes in patients diagnosed with DCIS?

Magnetic Resonance Imaging

Post-diagnostic MR is typically used to guide surgical decisionmaking among the options of
breast conserving surgery, mastectomy, and bilateral mastectomies. The differential accuracy of
MRI over mammography for accurately identifying these factors defines the value of the
technology. Surgical decisionmaking generally takes the following factors into account:
multicentric disease, tumor size, and contralateral disease. We analyzed 57 studies!8!-19616°166.197-
2% that reported the outcomes of breast MRI among patients with established DCIS. Most studies
of post-diagnostic breast MRI did not report separate outcomes for invasive breast cancer and
DCIS. For our final analysis we excluded those studies. Although this decision limited the
number of eligible studies, the patient population of interest was better defined and more
generalizable to the specific issue of DCIS. Because these were generally observational studies,
many included highly select patients with DCIS who were at greatest risk of having multicentric
or extensive disease; these results may not be reflective of all or even most patients with DCIS.
We excluded studies when a later publication from the same institution included patients from an
earlier study.'®:2% 237240 \we were unable to find any study that directly compared survival,
recurrence, or quality of life for women receiving post diagnostic MRI to no MRI or SLNB
versus no SLNB.

MRI for detecting multicentric disease. The presence of multicentric disease is generally
considered a contraindication to BCS. Thus, MRI-detected multicentric disease in women with
DCIS would be expected to influence treatment recommendations. In a study that included 51
patients with DCIS, Hwang et al. reported that the sensitivity of detecting multicentric disease
was significantly higher for MRI as compared to mammography. They estimated MRI to have 94
percent sensitivity compared with mammography that had 38 percent sensitivity (p <0.05).%®
Similarly, in a study of 32 patients with DCIS, Menell et al. reported that the sensitivity of
detecting multicentric disease was 80 percent for MRI and 40 percent for mammography.'*®
However, Santamaria et al. studied 86 women with DCIS and did not find the sensitivity of MRI
to be significantly better than mammography, although performance of MRI was considerably
better than mammography (MRI, 42 percent; mammography, 26 percent; p=.453) (Table 4).2

Menell et al.**® and Hollingsworth et al.?®® reported that MRI detected occult multicentric
disease at 6.25 percent and 6.3 percent of DCIS patients, respectively. Despite these similarities,
variability in the definition of multicentric disease limits comparisons across studies. For
example, Hollingsworth defined multicentric disease as a separate focus of cancer more than
5.0cm away from index lesion or discontinuous growth to another breast quadrant,** while
Hwang defined multicentric disease simply as a tumor within at least two quadrants.’®®

MRI for estimating tumor size. Several studies compared the accuracy of MRI and
mammography with histological examination for determining tumor size. The limitations of this
comparison group must be acknowledged. Given the growth pattern of DCIS, limitations
inherent in tissue processing make histologically-based tumor measurement difficult as 3-
diminsional extent of disease is reconstructed using 2-dimensional pathology slides. Thus,
pathological examination can overestimate or underestimate tumor sizes, depending on the plane
of section. Some authors have argued that MRI measurements may be more accurate than those
in the pathology laboratory.”®*
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The results of studies comparing mammaography with MRI have not been consistent. In a
study of 167 patients with DCIS, Kuhl et al. reported that MRI was not better than
mammography in determining size.’** In another study of 24 patients with DCIS, Uematsu et al.
reported that MRI was more accurate than mammography in determining extent of DCIS.?*
Several studies have evaluated the underestimation and overestimation rates of MRI in
determining DCIS size relative to pathological exam (Table 5). Definitions of error were not
consistent between studies (+/- 5mm to 10mm), and some studies did not explicitly define what
they considered to be an error. For example, in a study of 54 patients with DCIS, Schouten van
der Velden et al. reported that MRI overestimated size (defined as >0.5cm) in 38 percent of
patients and underestimated size (defined as >0.5cm) in 24 percent of patients.'* In another
study of 45 patients with DCIS, Esserman et al. reported that the correlation between MRI and
histological size was modest (r=0.55; p=.0001); MRI overestimated size by more than two-fold
in 23 percent of patients; MRI underestimated size by half in 9 percent compared to histology.?*

MRI for detecting contralateral breast cancer. We found four studies that reported the use
of MRI to detect contralateral breast cancer in patients with DCIS (Table 6). In the largest study
that included 196 patients, Lehman et al. reported MRI detected occult contralateral breast
cancer in five patients (2.6 percent); the sensitivity of detecting contralateral breast cancer was
71 percent.?*® Importantly, in this study MRI findings prompted biopsies of the contralateral
breast in 18 patients; only five (28 percent) were positive. None of these studies compared the
performance of MRI to mammography.

MRI for identifying invasive disease. If MRI could more accurately differentiate between
DCIS and invasive cancer, it could alter the surgical treatment of women initially diagnosed with
DCIS. We found only one study that evaluated the ability of MRI to identify invasive disease
among patients originally diagnosed with DCIS.%®® Among 17 patients with DCIS originally
diagnosed by core needle biopsy, Hwang et al. reported three patients had invasive breast cancer
after definitive surgery; MRI correctly predicted invasive breast cancer in all three patients
(sensitivity = 100 percent).?”® Hwang estimated the specificity of MRI for detecting invasive
breast cancer was 86 percent. After excisional biopsy, the sensitivity of MRI for detecting
invasive breast cancer was 75 percent and the specificity was 85 percent. Among all patients, the
positive predictive value of MRI for detecting invasive breast cancer was only 43 percent.

Treatment utilization. Nineteen articles reported treatment utilization after diagnostic MRI
(Appendix Tables F23 and F24).183,187,191,192,196,199,205,208,210,212,218,221,223,225,227,229-232,234 All articles
presented institutional experience performing MRI in DCIS patients (level 111 evidence). The
studies reported descriptive information and did not use strategies to reduce bias. Rather, they
reported crude numbers of events in MRI and no MRI groups.

Several studies reported change in treatment decisions based on MRI. Tillman reviewed the
medical records of 41 consecutive patients with DCIS who underwent breast MRI from
November 1992 through June 2000 prior to planned breast conserving surgery to evaluate the
extent to which MRI findings caused any change in the patient’s surgical management.”*? The
authors reported that MRI simply confirmed information already obtained by mammogram,
ultrasound, or clinical examination and did not affect clinical management in 85.4 percent of the
patients. Treating surgeons changed local management based on MRI findings in 14.6 percent of
the women.**? A study of 32 women treated at Memorial Sloan-Kettering Cancer Center found
that MRI findings resulted in changin% surgical treatment from breast conserving therapy to
mastectomy in 50 percent of women.™® A review of the medical records of 28 women who
underwent breast MRI reported that MRI findings changed surgical management for 25 percent
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of women undergoing pre-surgical MRI.*®" In a recent report of 5,596 breast cancer patients (18
percent had DCIS), Katipamula et al. reported that MRI was associated with higher mastectomy
rates at the Mayo Clinic.?*

Patient outcomes. A single study evaluated whether pre-treatment MRI was associated with
rates of local failure among 136 women who underwent BCS followed by radiation therapy at
the Hospital of the University of Pennsylvania.'®® The rates of local failure were the same (6
percent) among women with or without MRI; the authors concluded that the use of breast MRI
was not associated with improvement in outcomes after BCS with radiation.*® The study did not
consider changes in treatment strategy as the result of MRI as part of their outcomes evaluation.

Summary. While studies are small, all consistently point to changes in treatment after MRI.
These changes are due to differential ability for MRI to detect multicentric and contralateral
disease and accurately estimate tumor size.

Sentinel Lymph Node Biopsy

We identified 50 studies that reported experience with SLNB in women with DCIS %%
240.243-286 Lya|f of the publications were presented by U.S. academic centers,236:237:243-230.253:256.259-
264,267,269.213,215.279.283.285 1 studies were conducted in South America,?’>?"* one in Canada,”’®
one in Australia,”>* and one in Taiwan;?’ the rest included women from European countries.

The majority of the studies included middle aged women (median age 50-60 years); few
specifically focused on younger (median age <50)**"?>*?"% or older (median age >60)>° patients.

The authors conducted retrospective review of medical records?>®:239:252265,267.270.275,276,284-286
or prospective collection of patient outcomes; ?5:244:248:249.253,262.268.269.271,282 ga\; renorted length of
followyp?40:2%:260.:264,267,269.273,275,278.219.282 ot ranged from 13 months®* to 5 years.”® Only one
study reported proportion of loss to followup.?®* Sample sizes of the studies (total 7,628 subjects)
varied from less than 20 women with DCIS**+2°8260.21 t5 more than 500 patients.?*%2%32/8283 Ope
article reported the results from a prospective, multi-institutional University of Louisville Breast
Cancer Sentinel Lymph Node Study®* that investigated several hypotheses related to SLNB in
women with early stages of breast cancer.

The largest series of DCIS women were analyzed in the European Institute of
Oncology,**?"® the University of Texas M.D. Anderson Cancer Center,?®® and in the database at
the H. Lee Moffitt Cancer Center and Research Institute.?®® These large academic centers were
the basis for more than one publication with different patient outcomes related to SLNB for
DCIS; however, we could not exclude the possibility that the same patients were included in
more than one of these articles. Two publications compared patient outcomes after SLN and
axillary lymph node dissections.?*?%

Few studies evaluating SLNB for DCIS include consecutive patients, but rather most report
the outcomes of highly selected patients. For example, Yen et al. reported that SLNB was
performed on only 35 percent of patients with DCIS.?** Common selection criteria listed by
many authors include palpable mass, radiographic mass, large size, mastectomy treatment, high
nuclear grade, and suspicion for invasive breast cancer.?*®?**?™ patients treated with mastectomy
are usually overrepresented in SLNB studies. For example, Meijren et al. reported that 76
percent of patients with DCIS treated with mastectomy underwent SLNB as compared with only
14 percent of patients treated with excision.?”* As a result, the published studies are not
necessarily reflective of all, or even most, patients with DCIS.

For our final analysis, we excluded several studies for the following reasons:
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1) A later publication from the same institution included patients from an earlier
study.236 237-240

2) SLNB was not performe

3) The study was a meta-analysis of previously published studies.?*

4) The study did not clearly identify the proportion of patients with DCIS who had SLN
metastases.?*

252,287,288
d.

We were unable to find any study that directly compared important patient outcomes (survival,
recurrence, and quality of life) after SLNB compared with no SLNB.

A review commissioned by AHRQ?® assessed the effectiveness of needle biopsy. The authors
synthesized the evidence from 104 studies and concluded that 24 percent of tumors with DCIS
identified from stereotactic-guided automatic gun core needle biopsy were found to have
invasive breast cancer upon surgical excision (95 percent Cl 0.18; 0.32). For stereotactic guided
vacuume-assisted core needle biopsy this rate was 13 percent (95 percent CI 0.11; 0.15). Since
some patients with an original core needle biopsy of DCIS will have invasive breast cancer
identified in the excision or mastectomy specimen, we evaluated the incidence of SLN
metastases separately for patients with an original and final diagnosis of DCIS (Tables 7 and 8).
The incidence of SLN metastases was greater for patients with an original diagnosis of DCIS
(9.8 percent, 95 percent Cl 7.6; 12.7) compared with those with a final diagnosis of DCIS (5.0
percent, 95 percent Cl 3.6; 6.8) of DCIS. For example, in a study of patients initially diagnosed
with DCIS by core needle biopsy, Moran et al. reported that 8.6 percent of patients had SLN
metastases.” However, in this series all patients with SLN metastases had a final diagnosis of
invasive breast cancer after excision or mastectomy; thus, no women with a final diagnosis of
DCIS had SLN metastases.

Some studies evaluating the role of SLNB include DCISM, while others include only pure
DCIS without microinvasion. Since DCISM may have a higher incidence of SLN metastases, we
distinguished DCIS from DCISM in our analysis (Table 9). The incidence of SLN metastases
was higher for patients with DCISM (9.3 percent; 95 percent Cl 6.0; 14.0) compared with those
with DCIS (4.8 percent; 95 percent Cl 3.4; 6.7).

The incidence of SLN metastases and the type of metastases vary according to definitions
used. In a multi-institutional study of 470 patients with DCIS, Moore et al. reported that the
overall incidence of SLN metastases was 9 percent.’’® In this dataset, the incidence of SLN
metastases according to AJCC staging was: pN1 (macrometastases), 0.64 percent; pN1 (mic),
0.85 percent; and pNO(i+), 7.70 percent. Using the same dataset but different definitions of SLN
metastases yielded slightly different results: routine hematoxylin (H&E), 0.85 percent; serial
section using H&E, 4.47 percent; IHC only, 3.83 percent. Whenever possible, we determined the
incidence of SLN metastases according to AJCC definitions provided by individual investigators.
While many studies?®" %27 defined SLN metastases according to strict AJCC staging, others?*!
did not use IHC to identify lymph node metastases. Some studies classified SLN metastases as
negative, H&E positive, or IHC positive, but did not specify metastasis size.” In other studies
the authors do not distinguish between AJCC stage pNO(i+) and pN1mic.?*

The most widely used definition of SLN metastases is the AJCC classification which defines
lymph node metastases according to method of detection immunohistochemistry (IHC) and
metastasis size. Table 10 lists the incidence of SLN metastases in studies that defined SLN
metastases according to these standards. The incidence of pN1 SLN metastases was 0.9 percent
(95 percent CI 0.5; 1.5) in patients with DCIS; 2.3 percent (95 percent Cl 0.8; 6.5) in patients
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with DCISM; and 0.6 (95 percent CI 0.2; 1.6) in the samples that combined DCIS and DCISM.
The incidence of pN1(mic) SLN metastases was 1.5 percent (95 percent ClI 0.8; 2.8) in patients
with DCIS; 3.4 percent (95 percent Cl 1.5; 7.7) in patients with DCISM; and 2.6 percent (95
percent Cl 0.4; 15.7) in the samples that combined DCIS and DCISM. The incidence of pNO(i+)
SLN metastases was 4.2 percent (95 percent Cl 2.2; 7.7) in patients with DCIS; 3.5 percent (95
percent Cl 1.4; 8.4) in patients with DCISM; and 3.8 percent (95 percent CI 0.7; 18) in the
samples that combined DCIS and DCISM. Thus, the incidence of pN1 metastases was very low
for patients with pure DCIS.

Since about 15 percent of patients with DCIS identified on core needle biopsy are diagnosed
with invasive breast cancer after excision or mastectomy,® the feasibility and accuracy of SLNB
after excision is relevant to decisions regarding surgical management of DCIS. Most studies
demonstrate that SLNB is feasible after excision.>#*?*? In a multicenter study of 229 surgeons,
Wong et al. reported that the SLN identification rates were similar after core needle biopsy (92.4
percent) and excisional biopsy (92.8 percent).®* However, results from studies evaluating the
accuracy of SLNB after excision are not consistent. For example, in the study by Wong et al. the
SLNB false negative rates were similar after core needle biopsy (7.9 percent) and excisional
biopsy (8.3 percent).?* However, in an analysis from NSABP B-32, Krag et al. reported that the
SLNB false negative rate was significantly increased after excisional biopsy compared with core
needle biopsy or fine needle aspiration (needle biopsy, 8.1 percent; excisional biopsy, 15.3
percent; p = .0082)." In this study, the false negative rates were highest for cancers in the lateral
portion of the breast, which may make SLNB more difficult.

Although SLNB is minimally invasive and has less morbidity than ALND, the procedure is
not risk free. In a prospective Swiss multicenter study, Langer et al. reported the following
complications after SLNB alone: lymphedema (3.5 percent), impaired shoulder range of motion
(3.5 percent), arm/shoulder pain (8.1 percent), and numbness (10.9 percent).?*® In the American
College of Surgeons Oncology Group Trial Z0010, Wilke et al. reported that 6.9 percent of
patients undergoing SLNB only developed objective evidence of lymphedema.?**

Twenty-six studies reported the number of patients who underwent different treatments for
DCIS after SLNB (Appendlx Table F25).236—240,247,248,252,254,255,257,261,262,264,267,269,273,275—282,285 In
some studies axillary lymph node dissection was conducted in all patients with positive
SLIN,236:239.254257.277,280.282 \ hjle other studies selected patients for further axillary lymph node
dissection by the presence of macrometastasis in SLN,*"® baseline high risk of metastatic
cancer,?"?" or by the discretion of the attending surgeon.?® The studies did not report treatment
utilization by positivity of SLN or changes in treatment decisions based on SLNB results.
Therefore, the studies describe current practices in the institutions for patients with DCIS who
also underwent SLNB rather than examine hypotheses of the association between the results of
SLNB and treatment utilization.

Conclusions. The consistent finding that a measurable percentage of women with DCIS on
biopsy will be diagnosed with invasive cancer based on full excision suggests that surgical
excision of DCIS may be needed to fully evaluate cases for invasive cancer. The findings that
some women with confirmed DCIS will have positive SLNB raises questions about whether this
seemingly inconsistent finding reflects underdiagnosis of invasive cancer, over diagnosis of
positive SLN, or a need to reexamine the presumed association between tumors and nodal
involvement. Little data links use of SLNB or positive SLNB with clinical outcomes or treatment
changes.
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Table 4. Sensitivity and specificity of breast MRI for detecting multicentric disease

Sensitivity of Mammogram

Study Number of Subjects Sensitivity of MRI (Specificity) (Specificity)
Hwang, 2003 51 94% (89%) 38% (91%)
Menell, 2005"%° 32 80% (NR) 40% (NR)
Santamaria, 2008°% 86 42% (NR) 26% (NR)

Table 5. Overestimation and underestimation of DCIS size by MRI compared with mammography

MRI Mammography
Author N Definition of o Under o Under
Country Error Estima\gieorn %) Estimation Estima\;ieorn (%) Estimation
(%) (%0)
PRSP 201
Shiraishi, 2003 30 +/- 10 mm 0 30 433 433
Japan
Onesti, 2008°%
United States 16 +/-5 mm 50 0 ND ND
. 223
g;gitﬁma“a' 2008 86  Not defined 9.3 31 7.0% 18.6%
Esserman, 2006° .
United States 45 100%/-50% 23 9 ND ND
Schouten van der
Velden, 2006™° 54 +/- 5mm 38 24 26% 47%
Netherlands
Overall (95% CI) 22.1 21.9
N = number of patients with DCIS
ND = not determined or not reported
Table 6. Proportion of patients with MRI-detected contralateral breast cancer
Author o Mammogram Detected
Country N MRI-Detected CLBC# (%) CLBC (%)
Hollingsworth, 2006°~
United States 85 4.7 ND
Liberman, 2003*™°
United States 36 56 ND
. . 22T
Pediconi, 2005 11 27 ND
Italy
Lehman, 2007
United States 196 2.6 NA
Overall (95% CI) 6.4 (2.3;16.4)

N = Number of patients with DCIS

CLBC = Contralateral breast cancer

ND: not determined or not reported

NA: not applicable because these were all patients who had negative contralateral mammograms
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Table 7. Incidence of SLN metastases among patients with an original diagnosis of DCIS*

Author Country SLN Metastases
Maffuz, 2006°"° Mexico 12.5% (3; 24)
Polom, 2009”° Poland 5.5% (10; 183)
Yi, 2008°% United States 6.4% (40; 624)
Liu, 2003%>’ Taiwan 9.1% (3; 33)

Mittendorf, 2005~

United States

22% (9; 41)

Camp, 2005™"

United States

16.3% (7; 43)

Fraile, 2006™° Spain 7% (10; 142)
Tan, 2007°° Canada 13% (7; 54)
Moran, 2007°° Ireland 8.6% (3; 35)

Van la Parra, 2008°*

Netherlands

9.8% (5; 51)

237

Dominguez, 2008

United States

11.3% (20; 177)

Sakr, 2006%%°

France

6.4% (9; 140)

Meijnen, 2007°"

Netherlands

17.2% (5; 29)

Overall (95% CI) pooled with random effects model

9.8% (7.6; 12.7)*

* May include DCIS and DCISM

** Significant heterogeneity

Table 8. Incidence of SLN metastases among patients with a final diagnosis of DCIS*

Author Country SLN Metastases
Murphy, 2008°"” United States 9% (29; 322)
Polom, 2009°° Poland 1% (2; 175)

Wilkie, 2005°%°

United States

5% (27; 559)

Yi, 2008°% United States 1.9% (9; 475)
Liu, 2003*’ Taiwan 0% (0; 24)
Kelly, 2003*° United States 2% (3; 134)
Farkas, 2004°° United States 0% (0; 46)
Trisal, 2004 United States 0% (0; 15)

Zavagno, 2005°>°

Italy

1.0% (1; 102)

Mittendorf, 2005°°

United States

15.8% (6; 38)

Camp, 2005°°"

United States

14.3% (6; 42)

Katz, 2006°°’

United States

7.2% (8; 110)

Maffuz, 2006°" Mexico 9.5% (2; 21)
Leidenius, 2006™° Finland 7% (5; 73)
Fraile, 2006™° Spain 1.1% (1; 92)
Mabry, 2006°>° United States 5.8% (10; 171)
Tan, 2007°"° Canada 12.5% (4; 32)
Barro, 2007227712 Brazil 0% (0; 16)
Genta, 2007 Italy 5.9% (2; 34)

Moore, 2007°"

United States

9% (43; 470)

Moran, 2007°°

Ireland

0% (0; 15)

Intra, 2008°® Italy 1.9% (16; 854)
Tunon de Lara, 20087 France 3.7% (6; 161)
Sakr, 20087 France 6.4% (7; 110)
Meijnen, 2007°" Netherlands 0% (0; 15)
Rahusen, 2003°° Netherlands 0% (0; 8)

Overall (95% CI) pooled with random effects model

5.0% (3.6, 6.8)*

* May include DCIS and DCISM

** Significant heterogeneity



Table 9. Incidence of SLN metastases among patients with either DCIS or DCISM

Author

Country

DCIS
%

(n with positive nodes/N tested)

DCISM
%

(n with positive nodes/N tested)

Wilkie, 2005°°°

United States

5% (27; 559)

14% (7/51)

Wong, 2002°>°

United States

Not determined

33%(8/24)

Kelly, 2003*°

United States

2% (3; 134)

Not determined

Intra, 2003°>° Italy ND 10% (4; 41)
Farkas, 2004”° United States 0% (0; 46) Not determined
Trisal, 20047%° United States 0% (0; 15) Not determined

Zavagno, 2005°>

Italy

1% (1; 102)

Not determined

Mittendorf, 2005~

United States

16% (6; 38)

Not determined

Camp, 2005™°" United States 8% (2; 26) Not determined
Katz, 2006°°’ United States 7% (8; 110) 10% (2; 21)
Maffuz, 2006°" Mexico 0% (0; 14) 29% (2;7)
Leidenius, 2006™° Finland 7% (5; 73) 9% (1; 11)
Fraile, 2006~ Spain 1% (1; 92) 6% (1; 18)
Zavagno, 2007°"’ Italy Not determined 9% (4; 43)
Tan, 2007°"° Canada 13% (4; 32) Not determined
Barros, 2007°"* Brazil 0% (0; 16) Not determined
Genta, 2007°" Italy 6% (2; 34) Not determined
Moran, 2007 Ireland 0% (0; 15) Not determined
Gray, 2007°"° United States ND 6% (5; 77)
Intra, 2008°"° Europe 1% (12; 854) Not determined
Tunon de Lara, 2008 France 3% (4; 116) 4% (2; 45)
Sakr, 20087 France 6% (7; 110) 4% (2; 54)

Liu, 2003*>’ Taiwan 0% (0; 18) 0% (0; 9)
Meijnen, 2007°" Netherlands 0% (0; 15) Not determined
Yi, 2008°% United States 2% (6; 375) 3(3/97)

Moore, 2007°"

United States

9% (43; 470)

Not determined

237

Dominguez, 2008

9% (15; 159)

Not determined

Overall (95% ClI)

4.8% (3.4; 6.7)
| squared 41%*

9.3% (6.0; 14.0)
| squared 33%*

* Significant heterogeneity
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Table 10. Incidence of SLN metastases according to AJCC staging system

Author

Country

pNO(i+)
%
(n with positive
nodes/N tested)

pN1(mic)
%

(n with positive
nodes/N tested)

pN1
%
(n with positive
nodes/N tested)

DCIS
Katz, 2006°°’ United States 4% (4; 110) 4% (4; 110) 0% (0; 110)
Leidenius, 2006°°° Finland 4% (3; 73) 1% (1; 73) 1% (1; 73)
Tan, 2007°"° Canada 6% (2; 32) 6% (2; 32) 0% (0; 32)
Genta, 2007°" Italy 6% (2; 34) 0% (0; 34) 0% (0; 34)

Moore, 2007°"

United States

8% (36, 470)

0.9% (4; 470)

0.6% (3; 470)

Domiquez, 2008°'

United States

9% (15; 159)

0.6% (1; 159)

0% (0; 159)

Intra, 2008°"® Italy 0.5% (4; 854) 0.8% (7; 854) 0.6% (5; 854)
Sakr, 2008°%* France 4% (4; 110) 0% (0; 110) 3% (3; 110)
Overall pooled with 4.2% (2.2%; 7.7%)T 1.5% (0.8%; 2.8%) 0.9% (0.5%; 1.5%)
random effects (95% CI)

DCISM

Sakr, 2008~ France 0% (0; 54) 4% (2; 54) 0% (0; 54)

Katz, 2006°°’ United States 5% (1; 21) 5% (1; 21) 0% (0; 21)
Leidenius, 2006™° Finland 9% (1; 11) 0% (0; 11) 0% (0; 11)

Gray, 2006 United States 3% (2; 77) 3% (2; 77) 3% (2; 77)

Overall (95% CI)

3.5% (1.4%, 8.4%)

3.4% (1.5%; 7.7%)

2.3% (0.8%; 6.5%)T

DCIS/DCISM*

Murphy, 2008°"

United States

8% (25; 322)

1% (3; 322)

0.3% (1; 322)

Yen, 2005°*

United States

1% (2; 141)

6% (9; 141)

2% (3; 141)

Overall pooled with

random effects (95% CI)

3.8% (0.7%; 18%)T

2.6% (0.4%; 15%)T

0.6% (0.2%; 1.6%)

* DCIS and DCISM were analyzed together
T Significant heterogeneity
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Question 3. How do local control and systemic outcomes
vary in DCIS based on tumor and patient characteristics?

We identified 133 publications that addressed the relationship between demographic, tumor
or other factors and outcomes of DCIS. The most consistently measured outcomes were local
DCIS (72), local invasive cancer (82), local DCIS and invasive cancer (105), contralateral DCIS
(20), contralateral invasive cancer (27), combined contralateral DCIS and invasive cancer (44),
breast cancer mortality (63), and all-cause mortality (47) (Appendix Table F26). No studies
reported chemotherapy use; 16 reported regional recurrence and 44 report distant recurrence. The
concept of DCIS recurrence is somewhat challenging, and the literature surrounding this issue is
not entirely clear. Technically, a recurrence suggests that the original tumor returned. In contrast,
a new primary invasive cancer or new DCIS refers to a new tumor arising in the same or a
different area of the ipsilateral (same side) or contralateral breast. Few studies differentiate
between recurrence and new primary invasive cancer or DCIS. Rather, in most cases, these are
combined and variously called ‘recurrence’ or ‘local DCIS.” Rarely, if ever, are ipsilateral
tumors carefully examined to differentiate between these two etiologies. Even clinically, this is
rarely fully explored and not clearly helpful with decisionmaking. For the purposes of this report,
we will follow the language of the literature and consider ‘recurrence’ to mean DCIS or invasive
cancer in the same breast as the original tumor unless otherwise specified.

At 10 years following DCIS diagnosis, overall breast cancer mortality consistently is less
than 2 percent.?®?%" |n official publications, the SEER registries report O percent breast cancer
mortality after 5 years, reflecting the belief that there is no mortality from DCIS unless there is
an invasive recurrence or new invasive primary tumor, in which case the mortality would be
attributed to the recurrence or new tumor.* Ernster’ estimates 0.7 percent breast cancer mortality
within 5 years and 1.9 percent within 10 years for women diagnosed between 1984 and 1989.
Ernster also reports that breast cancer mortality declined significantly between 1978-1983 and
1984-1989 (10 year mortality at 10 years 3.4 percent versus 1.9 percent).

Recurrence of both DCIS and invasive disease is the most common ongoing consequence for
women diagnosed with DCIS. Estimates of 5 or 10-year recurrence rates are remarkably unstable
across studies ranging from 2.4-15 percent for 5-years to 10-24 percent for 10-year recurrence.
Estimates from cancer registries such as SEER are somewhat problematic since registries, by
design, do not collect information on recurrence but do collect information on new primaries.
While an invasive cancer after DCIS should be reported to the registry, some confusion likely
remains. When both 5- and 10-year outcomes are reported for the same cohort, it is interesting to
note that in some cases, such as Vicini, there is relatively little increased risk in years 5-10
beyond what was experienced in the first 5 years.?*® For example, Vicini reports a small case
series where the 5-year rate of local DCIS or invasive recurrence is 10.2 percent and at 10 years
the rate is 12.4 percent.”® In other cases, however, there is a large difference in risk between 5
and 10 years. This raises questions about whether risk of recurrence is stable over time, whether
it increases or decreases.

Contralateral DCIS disease is a less common occurrence with an incidence estimated to be up
to 1.7 percent after 7 years followup. When combined with invasive contralateral breast cancer,
incidence rises to up to 8 percent after 10 years. Of note, the five studies?®>* that report both
contralateral DCIS and contralateral combined invasive cancer and DCIS point to between one-
third and three-quarters of the incidence attributed to contralateral invasive tumors. Gao®*
reports a steady increase in the cumulative incidence contralateral breast cancer in the 20 years
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following DCIS diagnosis. Over time, however, the 5-year incidence, declines slightly (Figure
37).

Local recurrence is the most adverse outcome experienced by women receiving treatment for
DCIS. While somewhat beyond the scope of this report, several small studies provide some
evidence of survival after local recurrence. Solin reports on the experience of 42 cases with local
recurrence and estimated an actuarial 5-year breast cancer mortality rate of about 16 percent.*”®
Similarly, in a multi-institutional cohort, 15 women who received treatment for DCIS
experienced a local recurrence and received salvage treatment. After a median of 4.4 years 14 of
these women were alive.*® Thus, while survivable, local recurrence is serious and preventing
local recurrence is clearly preferable.

Tumor Characteristics

Positive surgical margins. Positive surgical margins are consistently associated with
increased DCIS and invasive breast cancer recurrence (Figure 38).2%72%:307322 | jkewise, two
reports from RCTs pooling across treatments found a similar effect.*?**?* There was, however,
considerable variability across studies in terms of how margins were defined or classified. For
example, some studies classified margins as “free’ or ‘involved’*?*3?® while others use more
precise measures such as <1mm.**"3% We excluded one study®*° because we could not reproduce
their significance estimates or conclusions.

Subgroup analyses from two RCTSs both reported increased risk of local recurrence in women
with positive margins after breast conserving surgery.?*>?* For example, the National Surgical
Adjuvant Breast and Bowel Project®** reported that women with positive margins after breast
conserving surgery had higher risk of local DCIS or invasive cancer than women without
positive margins (84 percent increase).*** After a median of 10.5 years of followup, the study
reported that women with involved surgical margins had higher risk of ipsilateral recurrence
after adjustment for treatment and all other predictors of recurrence (HR 2.06 <.001).°

We synthesized the evidence separately from observational studies of better quality that
reported multivariate adjusted estimates of the association between patient outcomes and margin
status (14 studies) (Table 11),297298:308-310312,313.315:316,318-321.330 Tha majority of such studies
reported a positive significant association between positive margins and recurrence. Other
studies reported a nonsignificant increase in the odds of local recurrence in women with involved
margins after lumpectomy with or without adjuvant radio or chemotherapy ' and increased risk
of local recurrence in women with close or involved margins after lumpectomy or
mastectomy.*'

An analysis of adjusted relative risk (Figure 39) suggests risk of local recurrence is
reduced with larger widths of negative margins. Margins of 10mm or more were associated with
the largest reduction (98 percent) in the risk of local recurrence, while no differences were seen
using a cut off of 2 or 4mm.

Tumor size. The association between tumor size and patient outcomes was examined in two
RCT8295,331 and 39 observational studie5296,297,301,309-312,314-318,320,327-330,332-352 (Table 12) In
general, larger tumors were associated with higher rates of local DCIS and invasive recurrence
than smaller tumors,2%:311:312:316-318,320337,338.343.347 41, ) g h many of the estimates were not
statistically significant,29:29:316:327-329.331333,337.338.347 Eotimates generally classified tumors less
than 20mm as “‘small’ though some®?° defined small as <5mm. A study of 89 women failed to
find tumor size to be associated with an increased risk in breast cancer mortality; however, the

297,320,321
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HR of 2.90 pointed to importantly increased risk.>* There was no consistent finding of an
association between tumor size and contralateral DCIS,*’ contralateral DCIS or invasive
carcinoma,®"** or contralateral invasive carcinoma.®*"**#347 A single study examined the
association between tumor size and distant metastases and failed to find a significant
association.*** One study found that the odds of all events®® were significantly greater for
women with large versus small tumors (OR 11.388, 95 percent Cl 1.752; 74). One case series of
455 nonrandomized patients treated with excision alone®? reported a significant increase in
relative risk of local recurrence by 21 percent per 1mm increase in tumor size (RR 1.21, 95
percent Cl 1.1; 1.34) 3%

Grade. The association between tumor grade and patient outcomes was reported in 39
StUdieS (Table 13).295,296,306,307,309-313,315-317,320,321,323,325,327,329,330,335,339-343,345,347-349,351,353-361 Whlle
labeled somewhat inconsistently, tumors assigned a higher pathological or nuclear grade (3) have
consistently higher probably of local DCIS or invasive recurrence than those at intermediate or
low grade (2 or 1). Two studies, each with less than 300 women, examined the association
between tumor grade and mortality. The European Organization for Research and Treatment of
Cancer Trial 10853 demonstrated that women with high grade DCIS treated with lumpectomy
plus radiation had a 716 percent increase in relative risk of all cause mortality compared to
women with low grade DCIS (RR 8.16, 95 percent Cl 1.02; 65.252).%" The association was of
similar magnitude but not statistically significant for women treated with lumpectomy alone. The
study did not observe increased risk of mortality for intermediate grade DCIS compared to low
grade.®*” A multi-institution observational study from the United States and Europe of 172
women treated with lumpectomy plus radiation failed to find a significant association between
crude odds of death and tumor grade.*?® The apparent lack of association between tumor grade
and breast cancer mortality could be due to a lack of effect or low power given the overall, low
mortality associated with DCIS.3***! Two studies—one RCT and one observational study—
failed to find a consistent association between DCIS grade and distant metastases.*?>**’ No study
found an increased risk of contralateral cancer associated with tumor grade.>**3*"3*® A single
study using SEER cancer registry data found a slight but not statistically significant increase in
local or contralateral invasive cancer (HR 1.2) associated with high versus low tumor grade.>*’
Three of three observational studies reporting any recurrence found that women with high grade
DCIS had increased rates of any recurrence relative to women with low grade DCIS, 34851358
The study that reported multivariate adjusted analysis demonstrated a 122 percent increase in
risk of any recurrence in women with high versus low grade DCIS (2.22, 95 percent CI 1.02;
4.76).%8 The rates of local invasive recurrence tended to be higher in women with high grade
DCIS in all six observational studies that examined this association,2%:316:329.347:354,356

Comparisons of intermediate (2) versus low (1) grade were much less consistent. While
several studies failed to find statistically significant associations between intermediate and low
grade tumors, 22310312347 K erlikowske®* found significant increased risk of recurrence for grade
2 versus grade 1 tumors in a cohort of 1,036 women treated with lumpectomy alone.

Millis**? noted that 84 percent of recurrent lesions were of the same grade as the primary
DCIS. For recurrent DCIS they observe a kappa of 0.679, while with invasive recurrences the
kappa was lower at 0.241; however, almost all of the invasive and DCIS recurrences were
associated with high grade lesions (76 percent and 75 percent, respectively). Overall, the studies
suggest that the difference between grades 2 and 1 may be less important than the difference
between grade 3 and grades 2 and 1. However, Barnes>® noted that the percentage of low grade
tumors (i.e., grade 1) was stable between 1979-2000 and 2001-2002, while the percentage of
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intermediate grade declined (28.1 percent versus 22.7 percent) and high grade tumors increased
(62.5 percent versus 68.1 percent). This may point to moderate stage shift. Of note, Li found no
association between pathologic grade and contralateral invasive cancers.**’

Architecture. The most commonly measured architectural feature of DCIS is comedo
necrosis. Noncomedo DCIS includes cribriform, micropapillary, and solid types. Comedo
necrosis is consistently and strongly associated with increased risk of local DCIS or invasive
cancer with hazard ratios generally above 2.0. and as high as 9.3 (Table
14),296:311312,315,320,324,337,343,347.364 £ example a large analysis of the SEER database '
demonstrated a 30 percent increase in relative risk of local invasive recurrence (adjusted HR 1.4,
95 percent Cl 1.1; 1.7) in women with comedo versus noncomedo DCIS. Warren** and Sahoo***
both reported no increased risk of local DCIS or invasive cancer recurrence associated with
comedo necrosis (RR 0.9 and 0.7, respectively). Li found women with comedo necrosis were at
slightly reduced risk of contralateral invasive recurrence.>*’ No study reported a significant
association between comedo and noncomedo DCIS and all cause mortality,**>*® breast cancer
mortality,*>3% contralateral invasive carcinoma,®’ or all events.*** Only one study®® of three
studies®*334%% found a significant increase in odds of metastasis in women with comedo
necrosis (OR 8.609, 95 percent Cl 1.038; 71.387).%%

Comparisons between other architectural groups are rarely reported and are somewhat
inconsistent. For example, Fisher”® reported increased risk of DCIS or invasive recurrence for
women with solid tumors compared with cribriform (RR 2.41), while Bijker*? reported
increased risk of cribriform versus clinging/microcapillary tumors (RR 2.39) and for
solid/comedo versus clinging/microcapillary tumors (RR 2.25) but didn't compare solid with
cribriform to allow for comparisons between the two studies. Smith®* reported a slight,
nonsignificant increased risk of local DCIS or invasive recurrence associated micropapillary
versus not (HR 1.41) and a strong but not statistically significant decreased risk associated with
cribriform versus not (HR 0.27).

Women with solid or cribriform tumor when compared to micropapillary had the same rates
of contralateral DCIS, any contralateral cancer,®’ or contralateral invasive carcinoma.®*"3%
Odds of any recurrence did not differ in women with solid versus micropapillary DCIS **or
cribriform versus micropapillary,*®* DCIS and by 30 percent (adjusted HR 1.3, 95 percent CI 1;
1.7) in women with papillary versus not specified DCIS.3*" A large SEER-based study reported a
significant increase by 100 percent (adjusted HR 2, 95 percent CI 1.01; 3.99) in risk of local
DCIS recurrence in women with papillary versus not specified DCIS.?*® RCTs demonstrated a
significant increase in relative risk of local DCIS or invasive recurrence by 139 percent (RR
2.39, 95 percent CI 1.41; 4.03) for cribriform versus micropapillary DCIS and of 125 percent
(RR 2.25, 95 percent CI 1.21; 4.18) in women with solid or comedo versus micropapillary
DCIS,** or by 141 percent (RR 2.41, 95 percent Cl 1.28; 4.52) in women with solid versus
cribriform DCIS.%®

Microinvasion. DCIS with microinvasion represents a few isolated tumor cells or clusters of
cells infiltrating the periductal stroma. The clinical significance of DCISM is somewhat
controversial. Some of these cases are noted as DCISM, some are considered to be DCIS, others
invasive cancer. Many publications explicitly note the presence of DCISM while others do not
comment on DCISM. The association between microinvasion and patient outcomes was
inconsistent in the direction and magnitude across the single randomized trial**" and three of four
observational studies>*2345%7368 that compared cases of DCIS with and without microinvasion
(Table 15). While not all are statistically significant, all but one reported increases in adjusted

78



risk of local DCIS or invasive carcinoma in women with microinvasion relative to without. The
statisticasl(!;/ significant study reported a HR of 8.1 associated with microinvasion (95 percent Cl
1.2; 53).

Necrosis. One observational study examined the association between mortality or distant
metastases and the presence of necrosis and did not find a significant association (Table 16).%%
Two observational studies examined the association between contralateral cancer and the
presence of necrosis and did not find a significant association.**”** Three observational studies
showed a positive tendency between necrosis and worse rates of any recurrence®***#¢3% put only
one found a significant association.>™ Three observational studies®***"*®* showed that women
with necrosis had increased rates of local DCIS recurrence, but only two reported a significant
increase by 63 percent®® or 258 percent.**” The association was more evident for local invasive
carcinoma; the largest study of 23,547 women with DCIS from the California Cancer Registry
showed a 93 percent increase in local invasive cancer in women with necrosis (IRR1.93, 95
percent Cl 1.28, 2.91).%%* The association between necrosis and local DCIS or invasive cancer
recurrence differed depending on the treatments women had. The association was not significant
after mastectomy>*° or skin-sparing mastectomy,®*® inconsistent in direction and significance
after lumpectomy plus radiation, 3313039370 anq in studies that combined all treatment
together in analysis.312312316.329.335:339345 \n\jomen after lumpectomy had an increased risk of local
DCIS or invasive recurrence by 115.8 percent (pooled RR 2.158, 95 percent Cl 1.263 3.687, I
o5 percent).320’337’343‘369

Van Nuys Index. The Van Nuys Index is scored from 4-12 based on four different predictors
of local breast recurrence: tumor size, width of negative margin, pathologic classification, and
patient age.®”* Each predictor is scored from 1-3. The index measures post-surgical risk of events
(since surgical margins comprise one-quarter of the score).

The association between patient outcomes and Van Nuys risk category was examined in 15
observational studies (Table 17),317336:341.343:349.350352.3%8.371-377 comparison of studies reporting Van
Nuys Index is complicated because numerical scores are not consistently categorized across studies.
Some studies applied the exact VVan Nuys criteria;3!7:3%6:339.343,349,350.352 372.373.315.377378 ytharg ysed the
summary index (USC/Van Nuys Prognostic Index) adding age.3***°*377 some studies included
age, grade, and tumor size but not surgical margins,*’® calculated tumor size from mammographic
lesion,®*® or modified cut offs for nuclear grade (low=1, intermediate=2, high=3) and margin
(>1mm score=2, <Imm score=3).>"

Women at the highest risk category of Van Nuys index (10-12) had 224 percent greater odds
of mortality than women in the 4 to 6 risk category.®* Breast cancer mortality was examined in
four studies;****"*"® one found a significant positive association with greater predicted risk (OR
8.61, 95 percent Cl 1.06; 70.17) in women with a Van Nuys score of 10 to 12 compared to those
scores of 4 to 6.%°° Similarly, Asjoe found that the odds of any recurrence were significantly
greater in women with a Van Nuys score of 10 to 12 relative to 4-6 (OR 7.58, 95 percent Cl
2.17; 26.55) but not for women with a VVan Nuys index score of 7-9 relative to 4-6.3*°

Multi-focal disease. While rarely precisely defined, two studies reported multifocal disease
associated with increased risk of DCIS and invasive cancer recurrence.?**3?! Similarly, a small
case series (121 women) reported a diffuse growth pattern to be associated with a nonsignificant
increased risk of DCIS or invasive recurrence. %3

Estrogen and progesterone receptor status. Nine studies investigated the association
between ER status and patients outcome (Table 18)312313330.342351.379-381 gEE R _registry-based
analysis shows that less than 14 percent of DCIS cases have ER status tested.®® Thus, studies of

79



ER status and DCIS outcomes are generally limited to small studies, often including
approximately 100 cases. Generally, all are consistent in their findings that positive estrogen
receptor status is associated with reduced likelihood of local DCIS or invasive recurrence,
although few of the associations are statistically significant.>’**¥%2 For example, the
Population-based Regional Tumor Registry in Lund, Sweden, reported their experience with 187
patients found decreased risk of recurrence for women whose tumors were ER positive or
unknown compared to ER negative (HR 0.71 and 0.68, respectively).®”® Few studies report the
association between estrogen receptor status and mortality. Bijker examined the concordance
between primary DCIS and recurrence and found a kappa of 0.9 for estrogen receptor status.*®® It
is notable that the NSABP-35, a trial of whether aromitase inhibitors prevent recurrent DCIS or
invasive cancers, is limited to women with ER positive tumors. This trial may be a signal that ER
testing for DCIS might become more widespread.*®*

Barnes>® evaluated 119 consecutive tumors and noted that there is a strong association
between the presence of comedo necrosis and estrogen receptor negativity with 73 percent of all
tumors being ER+ but only 57 percent of comedo tumors were ER+. A similar negative
association was observed between ER positivity and higher tumor grade. The study found that
only 64 percent of high grade tumors were ER positive.

Seven studies investigating the association between PR status and patient outcomes showed a
tendency toward less local DCIS or invasive cancer recurrence in PR-positive women (Table
19),330:342351.379381 e study reported p-value only and is not summarized here.*®® However,
only one nested case control study within a population-based cohort in Australia reported a
significant reduction by 60 percent (adjusted OR 0.4, 95 percent CI 0.2; 0.9)*®" in odds of local
recurrence in PR positive patients. In contrast, the association between PR status and any
recurrence was opposite in direction and neither study achieved statistical significance.*>***

Her2Neu. The relationship between Her2 (human epidermal growth factor receptor-2)
positivity and recurrence was only studied in relatively small DCIS studies of 129 patients or less
(Table 20).%8%3% Consistently, investigators have found women with Her2 positive DCIS were at
higher risk of recurrence. Barnes reported that 65 percent of tumors were positive for Her2
expression. They concluded that coexpression of Her2 and Her4 was associated with reduced
recurrence compared with Her2 only tumors. The importance of Her2 positivity is highlighted by
a study by Bijker which found a kappa of .75 between Her2 positivity on initial DCIS and
recurrence.®®* Her3 and Her4 have only been evaluated in a single study.

Calcification. In multiple reports from the same institution using a moderate sized cohort,
(132-148 subjects),?%®318370387 the |ack of calcification was strongly associated with DCIS or
invasive carcinoma recurrence (HR 3.57-4.55 calcification versus no calcification). The studies
did not classify calcifications based on their form, such as fine/granule, etc.

Characteristics of Women

Age. Younger age at diagnosis is a consistent adverse prognostic factor for DCIS outcomes.

Women over age 40 or 50 consistently have a lower risk of DCIS or invasive recurrence than
younger women,?9":309:310:312:314-316,322-324,347,364.388 \ith many studies reporting relative risk around
0.5 and one study reporting the relative risk to be as low as 0.12.3° It is less clear whether the
age-related disadvantage is attenuated when comparing middle aged and older women. For
example, Innos reported similar recurrence rates between women between 50 and 65 and those
over 65.%% Likewise, Li found recurrence rates for women between 50-59 and 60-69 or 70+ to be
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equivalent.®*’ Vargas,*” Vicini,?®%83% and Smith** modeled age as a continuous variable and
found the relative risk of local DCIS or invasive recurrence to decline by approximately 0.95 for
each year of age.

Innos reported contralateral DCIS to be highest in women <40 compared to women 50-65
and did not find significant increased risk of contralateral DCIS for other age groups.*®* In
contrast, Li found increased risk of contralateral invasive cancer to be higher in older women.**’

All-cause mortality, however, is consistently lower in younger women than older
Women.8°’389

Consistent with the increased risk of recurrence in younger women, three studies found pre-
menopausal women to face higher risk of recurrence than post-menopausal women,3%:3223%

Race. Surprisingly few studies report racial differences in DCIS outcomes. SEER-based
studies report higher all-cause mortality among African American women than white women
diagnosed with DCIS,**® higher breast cancer mortality for African American women than white
women,® and higher nonbreast cancer mortality for African American women than white
women®® The analysis by Deshpande et al.**® showed that the mortality disadvantage for African
American women was maintained at all age groups. DCIS recurrence among different racial
subgroups was compared in five articles that analyzed SEER data®®3!¢347:3703% and several
others.*?23% Three of the SEER analyses adjusted for clinical prognostic variables, including
tumor size, grade, or necrosis?*®*'*%® and found no differences in local DCIS or invasive
carcinoma recurrence, local DCIS recurrence, or local invasive carcinoma recurrence in race
subgroups. Two SEER-based papers adjusted for age, year, tumor registry, and treatments but
not tumor characteristics.®*"*®° Those papers reported worse outcomes among African American
women compared to whites with DCIS. The papers found overall mortality to be 35 percent
higher (RR 1.35, 95 percent Cl 1.12; 1.62) in African American versus white women with
DCIS.**® African American women had higher rates of local invasive carcinoma recurrence (RR
1.5 95 percent Cl 1.2; 2), contralateral invasive carcinoma (RR 1.3, 95 percent Cl 1; 1.7),**" or
any invasive carcinoma (RR 1.4, 95 percent Cl 1.2; 1.7).3*' Risk of advanced invasive
carcinoma, stage 111/ was 170 percent in African American versus white women (RR 2.7, 95
percent Cl 1.7; 4.4).3*" These findings point to differences in tumor characteristics such as size,
grade, and necrosis as important explanatory factors for the observed poorer outcomes among
African American versus white women. The findings also underscore the importance of tumor
characteristics that remain after controlling for treatment.

Patient outcomes for Asians or Asian-Pacific Islanders were compared to whites in five
articles 322347:364.376389 Tha analysis that adjusted for age and treatment did not find difference in
any outcomes: three studies in local invasive cancer recurrence,*®* one study in contralateral
invasive cancer, one study in any DCIS or invasive cancer recurrence,** any invasive cancer,
and mortality. Asian women diagnosed with DCIS had lower mortality rates than white
women.***

Patient outcomes in white Hispanics were compared to whites in four articles.
The analyses adjusted for age, treatment, and, in some cases, histology did not find difference in
local DCIS recurrence,*®* local invasive cancer recurrence, %% contralateral invasive cancer,
any DCIS or invasive cancer, any invasive cancer, all, stage I, or stage Il. However, risk of
advanced invasive cancer, stage I11/IVV was 130 percent higher in Hispanic versus white women
with DCIS (RR 2.3, 95 percent CI 1.1; 4.8).**" The studies did not report mortality.

Patient outcomes comparing American Indians to whites were reported in only one article.
The study includes only 82 American Indian DCIS cases and did not find statistically significant

322,347,364,376,389

389
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differences in mortality. The small number of cases included in the analysis limits the
interpretability of these Native American comparisons.

Mammographic density. Two studies examined outcomes of DCIS associated with
mammographic density.****%? They did not classify mammographic density in the same way,
which somewhat limits comparability. Habel, who classified density as a percent, only found an
association between mammographic density and local DCIS or invasive recurrence when
comparing women with >75 percent to <25 percent.***% Habel, also reported high
mammographic density associated with contralateral disease recurrence (RR 3.4).%

Reproductive history. Few studies examine the association between reproductive history
and DCIS outcomes. Habel found no association between younger age at first birth, parity, or
hormone replacement therapy and DCIS or invasive cancer recurrence but did find a slight
benefit to older age at menarche.*** Oral contraceptive use was reported in two studies.*****
Neither reported a statistically significant outcome; one reported a history of oral contraceptive
use to be a favorable prognostic factor, the other associated with slight increased risk (1.4).

A single cohort of 709 women from western Washington®* is the sole source of information
on the prognostic value of several DCIS risk factors. While small, the study does report expected
associations between tumor size, comedo necrosis, and BMI. The study reported a nonsignificant
association between some (versus no) weekly alcohol consumption and reduced risk of
recurrence. Likewise, they found a nonsignificant trend toward decreased risk of DCIS or
invasive cancer recurrence and use of oral contraceptives and a nonsignificant increased risk of
DCIS or invasive cancer recurrence associated with hormone replacement therapy that did not
depend on duration of hormone replacement therapy use or formulation. This study found no
consistent association between age at first birth and DCIS or invasive carcinoma recurrence.

Family history. The association between positive family history and DCIS or invasive breast
cancer recurrence was reported in four studies.®**%4322333 A|| found a positive family history to
be associated with increased risk, though not all effects were statistically significant.

Comorbidity. Two studies reported the association between comorbidity and DCIS
outcomes. Warren found women with one or more comorbidities were more likely to experience
a local DCIS or invasive cancer recurrence than women with no comorbidities (RR 1.62).3%°
Smith,?*® however, found no increased risk of DCIS or invasive cancer recurrence when
comparing women with no comorbidities to one or to two to nine comorbidities.

Year of diagnosis. The association between patient outcomes and the year of DCIS
diagnosis was examined in four observational studies.>?*"3*%* \Women diagnosed with DCIS
after screening mammography became common (1984-1989, 5,547 women in SEER database)
compared to those diagnosed in 1978-1983 (1,525 women in SEER database) had a 40 percent
reduction in adjusted relative risk of breast cancer death.’> The 10-year breast cancer standardized
mortality rate in women with DCIS declined from 3.4 (95 percent Cl 2.4; 4.5) before screening
mammography was common to 1.9 (95 percent CI 1.5; 2.3) after wide implementation of breast
cancer screening.” A large California Cancer Registry-based study evaluated whether the
standardized incidence ratio for a primary breast cancer among women with DCIS compared to
the general population changed between 1988-1993 and 1994-1999. The study reported the
standardized incidence ratio was unchanged (1.4 versus 1.3) in two time intervals.*** A European
study of 1,640 DCIS cases analyzed the rates of local recurrence before and after implementation
of the clinical guidelines for management of breast cancer.>** The rates of local DCIS or invasive
recurrence reduced from 9.6 percent in 1992-1995 to 2.9 percent in 2000-2003. However, there
was no significant association between adherence to the guidelines and local recurrence.®**
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Finally, a multisite study found the rates of local failure were unchanged over time.”’ In

summary, while observational studies suggested reduction in breast cancer mortality after
implementation of mammaographic screening in the United States, the rates of local recurrence
and contralateral breast cancer remain unchanged over this same period.

Summary

In general, few of the risk factors for DCIS or breast cancer incidence are also associated
with outcomes following DCIS diagnosis. However, the majority of important prognostic factors
for DCIS outcomes are also prognostic factors for invasive breast cancer outcomes (Table 21).
Beyond factors that are routinely measured by cancer registries, many of the factors reviewed in
this report rely on the findings of a single cohort of 709 women from western Washington®** as
the sole source of information on the prognostic value of several DCIS risk factors. While small,
the study does report expected associations between tumor size, comedo necrosis, and BMI. The
recurrence rates, however, are higher (31 percent) than reported by many studies (e.g., 10
percent). Thus, there is a need for larger population-based studies of the relationship between

tumor markers and patient characteristics on outcomes after DCIS diagnosis.
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Figure 37. Contralateral breast cancer with time since DCIS diagnosis®*
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Figure 38. Crude odds of local DCIS or invasive carcinoma by margin status in women with DCIS
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Table 11. Adjusted relative effect of margin on patient outcomes

Months of

Study Treatment = Margin Categories Estimate Mean (95% CI)
ollowup
DCIS or Invasive
Wilson, 2006 NA 60 Involved vs. free HR 2.63 (1.34; 5.17)
Ipsilateral Failure
Vicini, 2001 LR 86.4 Close/involved vs. free HR 2.4917
LR 86.4 Close/involved vs. free HR 2.59t
Local DCIS
Warren, 2005 L, LR, LT, or 91 Involved vs. free OR 0.86 (0.40; 1.86)
LRT
L, LR, LT, or 91 Unknown vs. free OR 1.44 (0.80; 2.60)
LRT
Local DCIS or Invasive
MacDonald, 2005°%° L 57 <10mm vs. >10mm RR 5.39 (2.68; 10.64)
L 57 210vs. 0 RR 0.07 (0.03; 0.15)
L 57 0.1-0.9vs. 0 RR 0.61 (0.31; 1.20)
L 57 1-1.9vs. 0 RR 0.58 (0.23; 1.42)
L 57 2-2.9vs. 0 RR 0.21 (0.10; 0.42)
L 57 3-59vs. 0 RR 0.35 (0.15; 0.83)
L 57 6-9.9vs. 0 RR 0.20 (0.05; 0.87)
L 57 Involved vs.>10mm RR 7.69
Cutuli, 2002°" L 84 Positive/unknown vs. RR 1.64 (1.08; 2.49)
free
Schouten van der L, LR 59 Closelinvolved vs. free HR 2.00 (1.10; 4.00)
Velden, 20073
Warren, 2005°™° L, LR, LT, or 91 Involved vs. free HR 1.19 (0.69; 2.06)
LRT
L, LR, LT, or 91 Unknown vs. free HR 1.96 (1.30; 2.97)
LRT
Solin, 2005’ LR 102 0-2 or 3 vs. 22-3mm HR 1.90
Vicini, 2000°%® LR 86.4 Close/involved vs. free HR 2.49
LR 86.4 Closelinvolved vs. free HR 3.78
Cutuli, 2002°" LR 84 Positive/unknown vs. RR 1.39 (1.06; 1.82)
free
Rakovitch, 2007 LR or L NA <4mm vs. >4mm HR 1.74 (1.03; 2.92)
Omlin, 206" LR or L 72 Positive vs. negative HR 3.53 (1.48; 8.43)
LRorL 72 Unknown vs. free HR 1.13 (0.54; 2.34)
Ven-David, 2007>” LR or LRT 74.4 Positive vs. negative HR 9.01 (1.84; 44.13)
de Roos, 2007° M, LR or L 49.8 Positive vs. negative HR 3.20 (0.70; 13.50)
Meijnen, 2008°" M, LR or L 80.4 Positive vs. negative HR 5.75 (2.44; 13.56)
Schouten van der M, MR, L, LR 59 Close/involved vs. free HR 1.80 (0.96; 3.40)
Velden, 2007°"
Chuwa, 2008°% M, MT, LR, 86 Involved vs. free RR 3.70 (14.29; 1.03)
LRT, LT or L
Local Invasive Carcinoma
Warren, 2005°"° L, LR, LT, or 91 Involved vs. free OR 1.39 (0.58; 3.31)
LRT
L, LR, LT, or 91 Unknown vs. free OR 1.93 (1.03; 3.63)
LRT
True DCIS or Invasive
Vicini, 200072 LR 86.4 Close/involved vs. free HR 7.78
Vicini, 2001°* LR 86.4 Close/involved vs. free HR 4.47
True Invasive Carcinoma
Vicini, 20007 LR 86.4 Close/involved vs. free HR 3.26
Invasive Carcinoma
Kerlikowske, 2003 L 77.9 Positive vs. 210mm OR 2.7 (0.7;9.4)
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Table 11. Adjusted relative effect of margin on patient outcomes (continued)

Study Treatment I\éonths of Margin Categories Estimate Mean (95% ClI)
ollowup
L 77.9 Uncertain vs. 210mm OR 1.2 (0.4; 3.5)
L 77.9 1-1.9mm disease-free OR 0.9(0.3;3)
vs. 210mm
L 77.9 2-10mm disease-free OR 1.1 (0.2; 6.3)
vs. =210mm
DCIS
Kerlikowske, 2003 L 77.9 Positive vs. 210mm OR 6.9 (1.9; 25.2)
L 77.9 Uncertain vs. 210mm OR 11.4 (2.4; 53.9)
L 77.9 1-1.9mm disease-free OR 6.5 (1.6;2 6.1)
vs. 210mm
L 77.9 2-10mm disease-free OR 6.6 (1.1; 38.1)
vs. 210mm
DCIS or Invasive
Kerlikowske, 2003°* L 77.9 Positive vs. 210mm OR 3.5 (1.6; 7.5)
L 77.9 Uncertain vs. 210mm OR 3(1.4;6.7)
L 77.9 1-1.9mm disease-free OR 25(1.1;5.9)
vs. =210mm
L 77.9 2-10mm disease-free OR 3.1(1.1;9)

vs. 210mm

L=Lumpectomy; M=Mastectomy; R=Radiation; T=Tamoxifen

*  Two publications from the same study

T Adjusted by age, calcifications, number of slides with DCIS/ total volume, numbers of DCIS/COL foci <5mm from
margin, tumor size, nuclear grade, and comedonecrosis
Tt Adjusted by the same variable as above plus total volume of excision
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Figure 39. Impact of negative margin width on local DCIS or invasive recurrence—multivariate adjusted
estimates, pooled with random effects®*"**°
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Table 12. Association between tumor size and patient outcomes

Tlrggltlrjrgeendts Author, Year N\l;vrgkr)neernof Estimate/Design I\ég”g\:\?u%f Tumor Size Categories Rzlsastglgé\fiiistjgrg(;z fctge
All Events
LRorL zDégfgis\égrio, 259 OR/Observational study 120 Large vs. small 11.388 (1.752; 74)
LRorL Di Saverio, 259 OR/Observational study 120 Middle vs. small 4.54 (1.758; 11.725)
2008°*°
Any DCIS or Invasive Carcinoma
M, LR, or L Asjoe, 2007°% 72 OR/Observational study 36 Large vs. small 6.523 (1.247; 34.123)
L Ottesen, 1992°"" 61 OR/Observational study 53 Large vs. small 5.76 (1.05; 31.597)
SSM Carlson, 2007°% 170 OR/Observational study 82.3 Large vs. small 3.815 (1.068; 13.629)
M Bonnier, 1999°** 176 OR/Observational study 60 Large vs. small 4.846 (0.999; 23.504)
LR Bonnier, 1999°** 332 OR/Observational study 60 Large vs. small 1.776 (0.638; 4.943)
M, MR, LRT, LT, Dawood, 2008 595 OR/Observational study 34.8 Large vs. small 0.94 (0.477; 1.853)
LR, orL
L Ottesen, 1992°"" 104 OR/Observational study 53 Middle vs. small 4.8 (1.614; 14.271)
M, LR, or L Asjoe, 2007°% 75 OR/Observational study 36 Middle vs. small 2.121 (0.333; 13.505)
LR Smith, 2006°%° 3,409 HR/Observational studyt 60 Tumor size as continuous  1.14 (1.02; 1.26)
variable
Any Invasive
L Miller, 2001°*° 81 OR/Observational study 60 Large vs. small 3.802 (0.906; 15.967)
M, LR, or L Li, 2006>*’ 37,692 HR/Observational studyt NA Large vs. small 1.3(0.9; 1.8)
L Miller, 2001°%° 54 OR/Observational study 60 Middle vs. small 2.444 (0.218; 27.452)
M, LR, or L Li, 2006>*’ 37,692 HR/Observational studyt NA Middle vs. small 0.9 (0.7;1.1)
Breast Cancer Mortality
M, LR, or L Warnberg, 89 OR/Observational studyt NA Large vs. small 2.9(0.8;10.1)
2001%%®
Contralateral DCIS
L Ottesen, 2000’ 168* OR/Observational study 120 Large vs. small 0.165 (0.008; 3.49)
L Ottesen, 2000>’ 142 OR/Observational study 120 Large vs. small 0.13 (0.006; 2.755)
Contralateral DCIS or Invasive Carcinoma
LR or L Adepoju, 2006> 135 OR/Observational study 103.2 Large vs. small 3.889 (0.197; 76.901)
L Ottesen, 2000’ 142 OR/Observational study 120 Large vs. small 0.327 (0.029; 3.698)
L Ottesen, 2000>’ 168* OR/Observational study 120 Large vs. small 0.274 (0.028; 2.69)
Contralateral Invasive Carcinoma
L Ottesen, 2000’ 142 OR/Observational study 120 Large vs. small 2.041 (0.082; 50.999)
M, LR, or L \ZI\é%r{]Sk%Berg, 98 OR/Observational studyt NA Large vs. small 1.7 (0.5;5.1)
M, LR, or L Li, 2006>*’ 37,692 HR/Observational studyt NA Large vs. small 1.3(0.8;1.9)
L Ottesen, 2000’ 168+ OR/Observational study 120 Large vs. small 0.844 (0.052; 13.73)
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Table 12. Association between tumor size and patient outcomes (continued)

Included Number of . . Months of . . Relative Measure of the
Treatments Author, Year Women Estimate/Design Followup Tumor Size Categories Association (95% Cl)

M, LR, or L Li, 2006’ 37,692 HR/Observational studyt NA Middle vs. small 0.9 (0.7; 1.1)

Local DCIS or Invasive Carcinoma Recurrence

LRorL Neuschatz, 48 OR/Observational study 60 Large vs. small 212.111 (8.767;
2001°%*° 5131.806)

L Ottesen, 2000%’ 168* HR/Observational studyt 120 Large vs. small 5.3(2.1;13.2)

L Cornfield, 2004°% 151 OR/Observational studyt 65 Large vs. small 4.1 (1.8; 9.5)

LRorL Neus3c3r91atz, 68 OR/Observational study 60 Middle vs. small 13.44 (0.678; 266.344)
2001

L Mac[ggonald, 445 RR/Observational studyt 57 Large vs. small 2.81 (no Cl available)
2005

SSM Carlson, 2007°% 170 OR/Observational study 82.3 Large vs. small 2.767 (0.598; 12.811)

LR Nakasrylura, 164 OR/Observational study 105 Large vs. small 2.412 (0.841; 6.92)
2002

M Cataliotti, 1992%* 26 OR/Observational study 94 Large vs. small 2.032 (0.075; 54.833)

LR or L Habel, 1998%° 413 RR/Observational studyt 62 Large vs. small 1.6 (0.9; 2.9)

L, LR, LT, or LRT Warren, 2005°"° 1103 HR/Observational studyt 91 Large vs. small 1.54 (0.98; 2.44)

L Holmberg, 465 OR/Randomized control 100.8 Large vs. small 1.539 (0.965; 2.455)
2008>*" trial

LR Vicini, 2001°"® 83 OR/Observational study 120 Large vs. small 1.527 (0.419; 5.563)

LR Sahoo, 2005°" 103 HR/Observational studyt 63 Large vs. small 1.38 (0.38; 4.99)

LR Holmberg, 469 OR/Randomized control 100.8 Large vs. small 1.305 (0.699; 2.437)
2008%*" trial

LRor L Fisher, 1999°% 626 RR/Randomized control 102 Large vs. small 1.2 (0.74; 1.96)

trialt

LRorL Omlin, 2006°™ 373 HR/Observational studyt 72 Large vs. small 1.16 (0.5; 2.68)

M or L Schouten van der 133 OR/Observational study 50.6 Large vs. small 1.085 (0.411; 2.868)
Velden, 2006>*

M, MR, L, LR Schouten van der 248 OR/Observational study 59 Large vs. small 0.971 (0.315; 2.992)
Velden, 2007°*"

LR Cutuli, 2001°™ 130 OR/Observational study 91 Large vs. small 0.943 (0.195; 4.568)

L Cataliotti, 1992°*° 17 OR/Observational study 94 Large vs. small 0.926 (0.032; 27.118)

M, LR or L de Roos, 2007°% 87 HR/Observational studyt 49.8 Large vs. small 0.909 (0.333,; 2.5)

LRorL Van Zee, 1999° 134 OR/Observational study 72 Large vs. small 0.709 (0.083; 6.066)

LR or LRT Ben-lg()gvid, 171 OR/Observational study 60 Large vs. small 0.531 (0.029; 9.658)
2007

LR or L Adepoju, 2006°" 135 OR/Observational study 103.2 Large vs. small 0.5 (0.152; 1.647)

M, LR, or L de Roos, 2005°** 251 OR/Observational study 43 Large vs. small 0.499 (0.19; 1.314)

LR Cataliotti, 1992°* 15 OR/Observational study 94 Large vs. small 0.388 (0.016; 9.576)

LR Solin, 2005’ 350 OR/Observational study 120 Large vs. small 0.306 (0.091; 1.029)

L, LR, LT, or LRT Roka, 2004°* 54 OR/Observational study 61.6 Large vs. small 0.238 (0.012; 4.859)
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Table 12. Association between tumor size and patient outcomes (continued)

Tlrre]gltlrjr?:ndts Author, Year ijvn;?neén()f Estimate/Design '\ég”éwu%f Tumor Size Categories Rzlsastglsxii?gg% fctlr;e

L Ringggerg, 121 OR/Observational study 60 Large vs. small 0.152 (0.008; 2.734)
2000

LR Nakaé?lura, 236 OR/Observational study 105 Middle vs. small 2.548 (1.288; 5.038)
2002

LRorL Omlin, 2006°™ 373 HR/Observational studyt 72 Unknown vs. small 1.95 (1.02; 3.72)

L glloa:)cSDsgonald, 445 RR/Observational studyt 57 Log transformed tumor size 1.21 (1.1; 1.34)

L Cataliotti, 1992°* 36 OR/Observational study 94 Middle vs. small 2.526 (0.251; 25.386)

L Wong, 2006°%° 18 OR/Observational study 43 Middle vs. small 1.731 (0.436; 6.865)

M, MR, L, LR Schouten van der 347 OR/Observational study 59 Middle vs. small 1.275 (0.657; 2.476)
Velden, 2007%"

L, LR, LT, or LRT Boland, 2003°"’ 237 RR/Observational study 47 Middle vs. small 1.2 (0.6; 2.4)

L, LR, LT, or LRT Warren, 2005°"° 1103 HR/Observational studyt 91 Middle vs. small 0.99 (0.67; 1.45)

LR Cutuli, 2001°™ 261 OR/Observational study 91 Middle vs. small 0.98 (0.474; 2.025)

M Cataliotti, 1992°% 65 OR/Observational study 94 Middle vs. small 0.189 (0.004; 10.075)

L, LR, LT, or LRT Roka, 2004°* 95 OR/Observational study 61.6 Middle vs. small 0.97 (0.217; 4.33)

LR Cataliotti, 1992°% 29 OR/Observational study 94 Middle vs. small 0.078 (0.004; 1.665)

Local DCIS Recurrence

L Miller, 2001°*° 81 OR/Observational study 60 Large vs. small 2.381 (0.8; 7.085)

L, LR, LT, or LRT _Warren, 2005°"° 1,103 OR/Observational studyt 91 Large vs. small 1.66 (0.88; 3.11)

L, LR, LT, or LRT Warren, 2005°"° 1,103 HR/Observational studyt 91 Large vs. small 1.54 (0.98; 2.44)

L, LR, LT, or LRT Chan, 2001**° 205 OR/Observational study 47 Middle vs. small 1.411(0.582; 3.422)

L, LR, LT, or LRT Warren, 2005°° 1,103 OR/Observational studyt 91 Middle vs. small 1.01 (0.59; 1.73)

L Miller, 2001%%® 54 OR/Observational study 60 Middle vs. small 0.36 (0.019; 6.995)

LR Smith, 2006 3,409 HR/Observational studyt 60 Tumor size as continuous  1.11 (0.85; 1.46)

variable

Local Invasive Carcinoma Recurrence

L Ottesen, 2000’ 142 OR/Observational study 120 Large vs. small 7.388 (1.642; 33.237)

L Ottesen, 2000%’ 168* OR/Observational study 120 Large vs. small 4.056 (1.443; 11.4)

L Miller, 2001°%° 81 OR/Observational study 60 Large vs. small 3.802 (0.906; 15.967)

L Fish, 1998 81 OR/Observational study 60 Large vs. small 3.802 (0.906; 15.967)

L Fish, 1998 54 OR/Observational study 60 Large vs. small 2.444 (0.218; 27.452)

M, LR, or L Warnstgserg, 160 OR/Observational studyt NA Large vs. small 2.3(0.7;7)
2001

LRor L Habel, 1998 413 OR/Observational study 62 Large vs. small 1.785 (0.776; 4.104)

LR or L Habel, 1998%° 413 RR/Observational studyt 62 Large vs. small 1.6 (0.7; 3.5)

L, LR, LT, or LRT Warren, 2005°"° 1,103 OR/Observational studyt 91 Large vs. small 1.23 (0.58; 2.64)

M, LR, or L Li, 2006>*' 37,692 HR/Observational studyt NA Large vs. small 1(0.5; 2.3)

L Miller, 2001%® 54 OR/Observational study 60 Middle vs. small 2.444 (0.218; 27.452)

L, LR, LT, or LRT Warren, 2005°"° 1,103 OR/Observational studyt 91 Middle vs. small 0.94 (0.52; 1.72)
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Table 12. Association between tumor size and patient outcomes (continued)

Included Number of . . Months of . . Relative Measure of the
Treatments Author, Year Women Estimate/Design Followup Tumor Size Categories Association (95% Cl)
M, LR, or L Li, 2006’ 37,692 HR/Observational studyt NA Middle vs. small 0.9 (0.6; 1.2)
L, LR, LT, or LRT Chan, 2001**° 205 OR/Observational study 47 Middle vs. small 0.29 (0.052; 1.621)
LR Smith, 2006°° 3409 HR/Observational studyt 60 Tumor size as continuous  1.16 (0.98; 1.38)
variable
Metastasis
M Bonnier, 1999>** 210 OR/Observational study 60 Large vs. small 4.125 (0.427; 39.877)
LR Bonnier, 1999 360 OR/Observational study 60 Large vs. small 0.541 (0.031; 9.475)

Bold = Statistically significant

Large: >4.0cm; middle: 1.6-4.0cm; small: <1.5cm
* Sample includes women with microinvasion

t multivariate adjusted

L=Lumpectomy; M=Mastectomy; R=Radiation; SSM=Skin Sparing Mastectomy; T=Tamoxifen
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Table 13. Association between tumor grade and patient outcomes

Included Number of . . Months of Tumor Relative Measure of the
Outcomes Treatments Author, Year Women Estimate/Design Followup Grade Association (95% CI)
Local DCISor L, LR, LT,or LRT Boland, 2003>" 237 RR/Observational 47 High vs. 2.1(0.9; 4.6)
invasive study* intermediate
All cause LR Bijker, 2001%’ 296 OR/Randomized 64.8 Highvs. low  8.16 (1.02; 65.252)
mortality control trial*
Local DCISor  NA Wilson, 2006°™ 139 HR/Observational 60 Highvs. low  5.76 (2.01; 16.47)
invasive study*
Local DCISor L, LR,LT,or LRT Roka, 2004°% 132 OR/Observational 61.6 Highvs. low 4.8 (1.136; 20.278)
invasive study
Local DCISor LR Sahoo, 2005°" 103 HR/Observational 63 Highvs. low  4.17 (1.18; 14.73)
invasive study*
Local DCIS or L MacDonald, 445 RR/Observational 57 High vs. low  3.44 (1.74; 6.79)
invasive 2005°%° study*
Local DCISor LR Smith, 2006°° 3,409 HR/Observational 60 High vs. low  2.38 (1.24; 4.56)
invasive study*
Any recurrence M, LR, LT, LRT,  Stallard, 2001%® 220 HR/Observational 132 Highvs. low  2.222 (1.02; 4.762)
orlL study*
Local DCIS L, LR, LT,or LRT Warren, 2005°"° 1103 OR/Observational 91 Highvs.low  2.14 (1.31; 3.51)
study*
Local invasive M, LR, or L Li, 2006>*' 37,692 HR/Observational NA Highvs.low  2(1.3; 3.1)
study*
Local DCISor LRorL Rakovitch, 2007°7 615 HR/Observational NA Highvs. low  1.82 (1.09; 3.03)
invasive study*
Local DCISor L, LR, LT,or LRT Warren, 2005>"° 1,103 HR/Observational 91 Highvs. low  1.76 (1.23; 2.52)
invasive study*
Local DCISor LRorL Rakovitch, 2007 615 HR/Observational NA High vs. low  1.65 (1.02; 2.65)
invasive study*
Distant LR Bijker, 2001%’ 296 OR/Randomized 64.8 Highvs. low  15.429 (0.882; 269.832)
metastasis control trial
Local DCISor M, LR,orL Asjoe, 2007°% 104 OR/Observational 36 Highvs. low  9.444 (0.539; 165.448)
invasive study
Local DCIS L, LR, LT, or LRT Chan, 2001°% 205 OR/Observational 47 High vs. low  9.432 (0.551; 161.374)
study
Local DCISor L Bellamy, 1993>* 130 OR/Observational 60 High vs. low  8.806 (0.447; 173.599)
invasive study
Local DCISor LRorL Neuschatz, 2001°% 109 OR/Observational 60 Highvs.low  6.166 (0.307; 123.933)
invasive study
Local DCISor L Idvall, 2003%°* 121 OR/Observational NA Highvs. low  5.775 (0.697; 47.834)
invasive study
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Table 13. Association between tumor grade and patient outcomes (continued)

Included Number of . . Months of Tumor Relative Measure of the
Outcomes Treatments Author, Year Women Estimate/Design Followup Grade Association (95% CI)
Any recurrence M, MR, LRT, LT, Dawood, 2008>" 799 OR/Observational 34.8 Highvs. low  5.407 (0.32; 91.487)
LR, or L study

Local DCISor  SSM Carlson, 2007°% 225 OR/Observational 82.3 Highvs. low  5.114 (0.602; 43.434)

invasive study

Any recurrence  SSM Carlson, 2007°%® 225 OR/Observational 82.3 Highvs. low  3.918 (0.82; 18.71)
study

Local invasive L Bellamy, 1993>>* 130 OR/Observational 60 High vs. low  3.488 (0.169; 71.94)
study

Local DCIS or LR or LRT Ben-David, 2007°” 198 OR/Observational 60 High vs. low  3.435 (0.409; 28.842)

invasive study

All cause L Bijker, 2001%7 281 OR/Randomized 64.8 Highvs. low  3.398 (0.674; 17.136)

mortality control trial

Contralateral LRorL Adepoju, 2006°* 310 OR/Observational 120 Highvs. low  3.158 (0.179; 55.768)

DCIS or study

invasive

Local DCISor LRorL Adepoju, 2006°% 310 OR/Observational 103.2 Highvs. low  3.153 (0.406; 24.478)

invasive study

Local DCISor LRorL Van Zee, 1999°% 157 OR/Observational 72 Highvs.low  3.097 (0.937; 10.23)

invasive study

Local DCISor LR Rodrigues, 2002°%° 230 OR/Observational 98.4 High vs. low 3 (0.105; 86.099)

invasive study

Local DCIS LR Smith, 2006°° 3,409 HR/Observational 60 Highvs. low  2.87 (0.81; 10.26)
study*

LocalDCISor M Bellamy, 1993%* 130 OR/Observational 60 Highvs. low  2.597 (0.134; 50.17)

invasive study

Breast cancer LR Nakamura, 2002°** 260 OR/Observational 105 Highvs. low  2.422 (0.122; 48.017)

mortality study

Local DCIS LRorL Warnberg, 1999°° 195 OR/Observational 58 Highvs. low  2.299 (0.274; 19.277)
study

Local invasive LR Smith, 2006°° 3,409 HR/Observational 60 Highvs.low  2.22 (0.65; 7.57)
stud*y

Local invasive L, LR, LT,or LRT Chan, 2001%° 205 OR/Observational 47 Highvs. low  2.218 (0.119; 41.435)
study

Local DCIS L Fish, 1998%* 124 OR/Observational 60 Highvs. low  2.07 (0.71; 6.033)
study

Local invasive M Bellamy, 1993%* 130 OR/Observational 60 Highvs. low  1.993 (0.099; 40.107)
study

Local DCISor L Cornfield, 2004°% 151 OR/Observational 65 High vs. low  1.967 (0.928; 4.169)

invasive study
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Table 13. Association between tumor grade and patient outcomes (continued)

Outcomes Included Author. Year Number of Estimate/Desian Months of Tumor Relative Measure of the
Treatments ’ Women Y Followup Grade Association (95% CI)

Local DCISor LRorL Warnberg, 1999>>° 195 OR/Observational 58 Highvs. low  1.95 (0.402; 9.459)

invasive study

Local DCISor LRorL Vargas, 20057 410 OR/Observational 120 Highvs. low  1.926 (0.715; 5.191)

invasive study

Contralateral LRorL Adepoju, 2006 310 OR/Observational 103.2 Highvs. low  1.877 (0.101; 34.757)

DCIS or study

invasive

Local DCISor LRorL Bijker, 2006°%° 775 HR/Randomized 126 Highvs.low  1.62 (0.93; 2.79)

invasive controlled trial*

Local DCISor LRorL Omlin, 2006°™ 373 HR/Observational 72 Highvs. low  1.46 (0.56; 3.8)

invasive study*

Local invasive LR or L Warnberg, 1999>° 195 OR/Observational 58 Highvs. low  1.38 (0.157; 12.117)
study

Local or L Fish, 1998% 124 OR/Observational 60 High vs. low  1.379 (0.386; 4.927)

contralateral study

invasive

Local DCISor LRorL Fisher, 1999°% 626 RR/Randomized 102 Highvs. low  1.36 (0.97; 1.9)

invasive controlled trial*

Local DCISor M, LRor L Meijnen, 2008°" 504 HR/Observational 80.4 Highvs. low 1.3 (0.39; 4.27)

invasive study

Local or M, LR, or L Li, 2006>*’ 37,692 HR/Observational NA Highvs.low 1.2 (0.9; 1.6)

contralateral study*

invasive

Local DCISor M, LRorL de Roos, 2007 87 HR/Observational 49.8 Highvs. low  1.111 (0.196; 5)

invasive study

Local invasive L, LR, LT,or LRT Warren, 2005°™° 1,103 OR/Observational 91 Highvs.low  1.03 (0.58; 1.85)
study*

Breast cancer LR Solin, 1993%% 172 OR/Observational 84 Highvs. low  1.015 (0.089; 11.595)

mortality study

Local DCIS M Bellamy, 1993%* 130 OR/Observational 60 Highvs. low  0.832 (0.033; 21.168)
study

Local DCIS or M, MR, L, LR Schouten van3ger 798 OR/Observational 59 Highvs.low  0.816 (0.36; 1.853)

invasive Velden, 2007 study

Contralateral M, LR, or L Li, 2006’ 37,692 HR/Observational NA Highvs.low 0.8 (0.5; 1.1)

invasive study*

Local DCISor LR Solin, 1996°% 270 OR/Observational 120 Highvs. low  0.598 (0.207; 1.727)

invasive study

All cause LR Solin, 1993°® 172 OR/Observational 84 High vs. low  0.493 (0.066; 3.653)

mortality study

Distant LR Solin, 1993%% 172 OR/Observational 96 High vs. low  0.479 (0.086; 2.663)

metastasis study
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Table 13. Association between tumor grade and patient outcomes (continued)

Outcomes Included Author. Year Number of Estimate/Desian Months of Tumor Relative Measure of the
Treatments ’ Women Y Followup Grade Association (95% CI)

Contralateral LR orL Warnberg, 1999>>° 195 OR/Observational 58 High vs. low  0.197 (0.004; 10.334)

DCIS study

contralateral

DCIS or

invasive

Contralateral LRorL Warnberg, 1999°°° 195 OR/Observational 58 Highvs. low  0.171 (0.022; 1.324)

invasive study

Local DCISor LRorL Bijker, 2006°%° 775 HR/Randomized 126 Intermediate  1.85 (1.18; 2.9)

invasive controlled trial* vs. low

Distant LR Bijker, 2001’ 236 OR/Randomized 64.8 Intermediate  9.974 (0.509; 195.321)

metastasis control trial vs. low

Any recurrence M, MR, LRT, LT, Dawood, 2008>" 799 OR/Observational 34.8 Intermediate  9.28 (0.555; 155.16)

LR, or L study vs. low

Local DCIS L, LR, LT, or LRT Chan, 2001 205 OR/Observational 47 Intermediate  6.434 (0.348; 118.938)
study vs. low

Local DCISor L Bellamy, 1993>* 121 OR/Observational NA Intermediate  2.538 (0.289; 22.27)

invasive study vs. low

Local DCISor M, LRorL de Roos, 2007 87 HR/Observational 49.8 Intermediate 2.5 (0.667; 10)

invasive study vs. low

Local invasive LR Smith, 2006°° 3,409 HR/Observational 60 Intermediate  2.12 (0.69; 6.52)
study* vs. low

Local DCIS LRorL Warnberg, 1999°° 195 OR/Observational 58 Intermediate 2 (0.227; 17.655)
study vs. low

Local DCISor LRorL Neuschatz, 2001*° 109 OR/Observational 60 Intermediate  1.971 (0.096; 40.625)

invasive study vs. low

Local DCISor LRorL Warnberg, 1999>° 195 OR/Observational 58 Intermediate  1.773 (0.351; 8.956)

invasive study vs. low

Breast cancer LR Nakamura, 2002%* 260 OR/Observational 105 Intermediate  1.594 (0.075; 33.966)

mortality study vs. low

Local DCISor LR Smith, 2006°%° 3,409 HR/Observational 60 Intermediate  1.49 (0.81; 2.72)

invasive study* vs. low

Local DCIS LR Smith, 2006°° 3,409 HR/Observational 60 Intermediate  1.47 (0.43; 4.98)
study* vs. low

All cause LR Bijker, 2001>" 236 OR/Randomized 64.8 Intermediate  1.388 (0.086; 22.459)

mortality control trial* vs. low

Local invasive  LRorL Warnberg, 1999°>° 195 OR/Observational 58 Intermediate  1.373 (0.148; 12.727)
study vs. low

Local invasive L, LR, LT, or LRT Chan, 2001°*° 205 OR/Observational 47 Intermediate  1.349 (0.053; 34.297)
study vs. low

Local invasive M, LR, or L Li, 2006’ 37,692 HR/Observational NA Intermediate 1.3 (0.8; 1.9)
study* vs. low
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Table 13. Association between tumor grade and patient outcomes (continued)

Outcomes Included Author. Year Number of Estimate/Desian Months of Tumor Relative Measure of the
Treatments ’ Women 9 Followup Grade Association (95% CI)
Local or M, LR, or L Li, 2006°*' 37,692 HR/Observational NA Intermediate 1.2 (0.9; 1.5)
contralateral study* vs. low
invasive
Local DCISor LRorL Omlin, 2006°™ 373 HR/Observational 72 Intermediate  1.01 (0.36; 2.79)
invasive study* vs. low
Local DCISor LR or LRT Ben-David, 2007°% 198 OR/Observational 60 Intermediate 1.1 (0.092; 13.17)
invasive study vs. low
Contralateral M, LR, or L Li, 2006>*’ 37,692 HR/Observational NA Intermediate 1.1 (0.8; 1.6)
invasive study* vs. low
Local DCISor M, LRorL Meijnen, 2008°" 504 HR/Observational 80.4 Intermediate  0.96 (0.35; 2.66)
invasive study vs. low
Contralateral LRorL Warnberg, 1999°>° 195 OR/Observational 58 Intermediate  0.838 (0.032; 21.604)
DCIS study vs. low
Local DCISor LR Solin, 1996°%° 270 OR/Observational 120 Intermediate  0.762 (0.269; 2.156)
invasive study vs. low
All cause L Bijker, 2001>" 246 OR/Randomized 64.8 Intermediate  0.74 (0.066; 8.271)
mortality control trial* vs. low
Local DCISor  LRorL Van Zee, 1999°% 157 OR/Observational 72 Intermediate  0.667 (0.144; 3.085)
invasive study vs. low
Breast cancer LR Solin, 1993°® 172 OR/Observational 84 Intermediate  0.507 (0.031; 8.365)
mortality study vs. low
All cause LR Solin, 1993%% 172 OR/Observational 84 Intermediate 0.5 (0.067; 3.71)
mortality study vs. low
Local DCISor LR Rodrigues, 2002°%° 230 OR/Observational 98.4 Intermediate  0.349 (0.006; 19.183)
invasive study vs. low
Contralateral LR or L Warnberg, 1999°° 195 OR/Observational 58 Intermediate  0.241 (0.031; 1.873)
DCIS or study vs. low
invasive
Contralateral LR or L Warnberg, 1999°%° 195 OR/Observational 58 Intermediate  0.118 (0.01; 1.405
g
invasive study vs. low
distant LR Solin, 1993°° 172 OR/Observational 96 Intermediate  0.116 (0.008; 1.699)
metastasis study vs. low
Local DCISor LRorL Omlin, 2006°™ 373 HR/Observational 72 Unknown vs. 1.23 (0.5; 3.01)
invasive study* low

Bold = Statistically significant
* Multivariate adjusted

Only the results with the highest evidence from each study are abstracted. Nuclear grade is chosen when both pathological grade and nuclear grade are reported.

L=Lumpectomy; M=Mastectomy; R=Radiation; SSM=Skin Sparing Mastectomy; T=Tamoxifen
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Table 14. Association between architecture and patient outcomes

Outcomes Tlrr?(a:\ltlrjr:jeen;s Author; Year N\l;vrgfneernof Estimate/Design '\égng\]’\lsu%f Architecture Rilsastglg;\fi%isggésfége

Metastasis LR Solin, 1993°% 172 OR/Observational 96 Comedo vs. noncomedo  8.609 (1.038; 71.387)
study

Any L Ottesen, 1992°"" 112 OR/Observational 53 Comedo vs. noncomedo  5.649 (2.139; 14.915)

recurrence study

Local DCIS LR or L Habel, 1998% 556 RR/Observational 62 Comedo vs. noncomedo 1.7 (1.1; 2.7)

or invasive study*

recurrence

Any LR Smith, 2006°°° 3,409 HR/Observational 60 Comedo vs. noncomedo 1.4 (1; 1.97)

recurrence study*

Local M;LR;orL  Li, 2006>" 37,692 HR/Observational NA Comedo vs. noncomedo 1.4 (1.1; 1.7)

invasive study*

All events M Bonnier, 1999°%* 139 OR/Observational 60 Comedo vs. noncomedo  6.131 (0.284; 132.502)
study

Breast cancer LR Solin, 1993°% 172 OR/Observational 84 Comedo vs. noncomedo  4.875 (0.496; 47.878)

mortality study

Metastasis M Silverstein, 1991°%° 109 OR/Observational 51 Comedo vs. noncomedo ~ 4.73 (0.222; 100.851)
study

All-cause M;LRorL Silverstein, 1992°% 227 OR/Observational 84 Comedo vs. noncomedo  3.335 (0.134; 82.739)

mortality study

Local DCIS M Silverstein, 1992°% 98 OR/Observational 56 Comedo vs. noncomedo  3.323 (0.132; 83.586)

or invasive study

recurrence

All-cause LR Solin, 1993°% 172 OR/Observational 84 Comedo vs. noncomedo  3.27 (0.582; 18.373)

mortality study

Local DCIS L Silverstein, 1992°% 26 OR/Observational 56 Comedo vs. noncomedo  0.326 (0.014; 7.554)

or invasive study

recurrence

All-cause LR Silverstein, 1992°% 103 OR/Observational 56 Comedo vs. noncomedo 3 (0.119; 75.377)

mortality study

Breast cancer LR Silverstein, 1991°%° 104 OR/Observational 51 Comedo vs. noncomedo  2.943 (0.117; 73.925)

mortality study

Local M; LR or L Silverstein, 1992°% 227 OR/Observational 56 Comedo vs. noncomedo  2.84 (0.539; 14.952)

invasive study

Breast cancer M Silverstein, 1991°%° 109 OR/Observational 51 Comedo vs. noncomedo  2.788 (0.111; 69.953)

mortality study
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Table 14. Association between architecture and patient outcomes (continued)

Outcomes Tlrre]gltlrjr:jindts Author; Year N\l;vrgﬁjeernof Estimate/Design '\lﬂgng\]iu%f Architecture Rilsastglsgfi%isgg(;:fége
Local DCIS LR Fowble, 1997 69 OR/Observational 63.6 Comedo vs. noncomedo  2.671 (0.105; 67.893)
or invasive study
recurrence
Local DCIS LR Silverstein, 1992°% 103 OR/Observational 56 Comedo vs. noncomedo  2.489 (0.606; 10.218)
or invasive study
recurrence
Local DCIS LR or L Van Zee, 1999°% 136 OR/Observational 72 Comedo vs. noncomedo  2.342 (0.889; 6.171)
or invasive study
recurrence
All-cause L Silverstein, 1992°% 26 OR/Observational 56 Comedo vs. noncomedo  1.842 (0.034; 100.454)
mortality study
Local DCIS M; LR or L Silverstein, 1992°% 227 OR/Observational 56 Comedo vs. noncomedo  1.824 (0.578; 5.756)
or invasive study
recurrence
All events LR Bonnier, 1999°%* 235 OR/Observational 60 Comedo vs. noncomedo  1.657 (0.779; 3.527)

study
Local DCIS LR Smith, 2006°° 3,409 HR/Observational 60 Comedo vs. noncomedo  1.61 (0.79; 3.26)
study*
Local LRor L Habel, 1998 556 RR/Observational 62 Comedo vs. noncomedo 1.6 (0.9; 3)
invasive study*
Local LRorL Smith, 2006 3,409 HR/Observational 60 Comedo vs. noncomedo  1.35 (0.8; 2.26)
invasive study*
Metastasis M Bonnier, 1999%* 139 OR/Observational 60 Comedo vs. noncomedo  1.276 (0.025; 65.251)
study
Any M; LR; LT; Stallard, 2001*° 122 OR/Observational 132 Comedo vs. noncomedo  1.25 (0.457; 3.418)
recurrence LRT; or L study
Local DCIS LR Solin, 1996 191 OR/Observational 120 Comedo vs. noncomedo ~ 1.161 (0.529; 2.547)
or invasive study
recurrence
Local DCIS M; LR or L Silverstein, 1992°% 227 OR/Observational 56 Comedo vs. noncomedo  1.105 (0.218; 5.593)
study
Any invasive  M;LR;orL  Li, 2006 37,692 HR/Observational NA Comedo vs. noncomedo 1.1 (0.9; 1.2)
study*
All-cause M Silverstein, 1992°% 98 OR/Observational 56 Comedo vs. noncomedo  1.084 (0.021; 55.736)
mortality study
Local LRorL Habel, 1998 556 OR/Observational 62 Comedo vs. noncomedo  1.039 (0.539; 2.002)
invasive study
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Table 14. Association between architecture and patient outcomes (continued)

Outcomes Tlrre]gltlrjr:jindts Author; Year N\l;vrgﬁjeernof Estimate/Design '\lﬂgng\]iu%f Architecture Rilsastl(;/s ;\:I;a:}sgg(;:fctlr;e
Local DCIS LR Goldstein, 2000°" 132 OR/Observational 84 Comedo vs. noncomedo  1.022 (0.262; 3.982)
or invasive study
recurrence
Contralateral M;LR;orL  Li, 2006>" 37,692 HR/Observational NA Comedo vs. noncomedo 0.9 (0.7; 1)
invasive study*
carcinoma
Local DCIS LR or LRT Ben-David, 2007°” 169 OR/Observational 60 Comedo vs. noncomedo  0.808 (0.207; 3.159)
or invasive study
recurrence
Local DCIS M; LR or L Szelei-Stevens, 128 OR/Observational 104.4 Comedo vs. noncomedo  0.539 (0.061; 4.79)
or invasive 2000° study
recurrence
Metastasis LR Bonnier, 1999>>* 235 OR/Observational 60 Comedo vs. noncomedo  0.49 (0.091; 2.634)

study
Local DCIS LR Rodrigues, 2002°% 130 OR/Observational 98.4 Comedo vs. noncomedo  0.469 (0.121; 1.823)
or invasive study
recurrence
Local DCIS L Cutuli, 2001%™ 17 OR/Observational 91 Comedo vs. 22.5 (1.609; 314.579)
or invasive study micropapillary
recurrence
Local DCIS LRorL Bijker, 2006 775 RR/Randomized 126 Cribriform vs. 2.39 (1.41; 4.03)
or invasive control trial* micropapillary
recurrence
Contralateral L Ottesen, 2000’ 107 OR/Observational 120 Cribriform vs. 4.381 (0.205; 93.454)
invasive study micropapillary
carcinoma
Local DCIS LR Cutuli, 2001%* 175 OR/Observational 91 Comedo vs. 2.348 (0.667; 8.266)
or invasive study micropapillary
recurrence
Local DCIS L Ottesen, 2000’ 107 OR/Observational 120 Cribriform vs. 2.066 (0.595; 7.179)
study micropapillary
Any L Ottesen, 1992 71 OR/Observational 53 Cribriform vs. 1.96 (0.542; 7.09)
recurrence study micropapillary
Local DCIS L Cutuli, 2001%* 84 OR/Observational 91 Cribriform vs. 1.724 (0.19; 15.66)
or invasive study micropapillary

recurrence
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Table 14. Association between architecture and patient outcomes (continued)

Outcomes Tlrre]gltlrjr:j%ndts Author; Year N\l;vrgﬁjeernof Estimate/Design '\lﬂgng\]iu%f Architecture Rilsastl(;/s ;\:I;a:}sgg(;:fctlr;e
Contralateral L Ottesen, 2000’ 107 OR/Observational 120 Cribriform vs. 1.714 (0.151; 19.497)
DCIS or study micropapillary
invasive
Local DCIS L Ottesen, 2000 107 OR/Observational 120 Cribriform vs. 1.617 (0.66; 3.96)
or invasive study micropapillary
recurrence
Local DCIS M; LR or L Silverstein, 1992°% 148 OR/Observational 56 Comedo vs. 1.52 (0.309; 7.483)
or invasive study micropapillary
recurrence
Local DCIS LR Goldstein, 2000°" 42 OR/Observational 84 Comedo vs. 1.222 (0.114; 13.066)
or invasive study micropapillary
recurrence
Local L Ottesen, 2000>’ 107 OR/Observational 120 Cribriform vs. 1.147 (0.369; 3.565)
invasive study micropapillary
Local DCIS LR Rodrigues, 2002°%° 64 OR/Observational 98.4 Cribriform vs. 1.074 (0.244; 4.727)
or invasive study micropapillary
recurrence
Local DCIS LR Goldstein, 2000°™ 82 OR/Observational 84 Cribriform vs. 1.031 (0.113; 9.416)
or invasive study micropapillary
recurrence
Local DCIS LR Cutuli, 2001%* 224 OR/Observational 91 Cribriform vs. 0.977 (0.27; 3.539)
or invasive study micropapillary
recurrence
Local DCIS L Wong, 2006°% 142 OR/Observational 43 Cribriform vs. 0.875 (0.215; 3.569)
or invasive study micropapillary
recurrence
Local DCIS L Wong, 2006°% 47 OR/Observational 43 Comedo vs. 0.613 (0.029; 13.029)
or invasive study micropapillary
recurrence
Local DCIS LR Rodrigues, 2002°% 85 OR/Observational 98.4 Comedo vs. 0.444 (0.093; 2.125)
or invasive study micropapillary
recurrence
Local DCIS M; LR or L Silverstein, 1992 94 OR/Observational 56 Cribriform vs. 0.358 (0.031; 4.098)
or invasive study micropapillary
recurrence
Contralateral L Ottesen, 2000™°" 107 OR/Observational 120 Cribriform vs. 0.276 (0.011; 6.939)
DCIS study micropapillary
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Table 14. Association between architecture and patient outcomes (continued)

Outcomes Tlrre]gltlrjr:jindts Author; Year N\l;vrgﬁjeernof Estimate/Design '\lﬂgng\]iu%f Architecture Rilsastl(;/s ;\:I;a:}sgg(;:fctlr;e
Local DCIS M;LRorL  Cataliotti, 1992 23 OR/Observational 94 Cribriform vs. 0.214 (0.016; 2.839)
or invasive study micropapillary
recurrence
Local DCIS M; LR or L Meijnen, 2008°" 114 OR/Observational 80.4 Cribriform/solid vs. 13.519 (0.775; 235.902)
or invasive study micropapillary
recurrence
Local DCIS L Cornfield, 2004>* 151 OR/Observational 65 Cribriform vs. not 1.293 (0.604; 2.769)
or invasive study specified
recurrence
Contralateral M;LR;orL  Li, 2006>" 37,692 HR/Observational NA Cribriform vs. not 1.2 (0.8; 1.8)
invasive study* specified
carcinoma
Any invasive  M;LR;orL  Li, 2006 37,692 HR/Observational NA Cribriform vs. not 0.9 (0.6; 1.2)
study* specified

Local DCIS LR Smith, 2006°° 3,409 HR/Observational 60 Cribriform vs. not 0.61 (0.08; 4.76)
study* specified

Local M;LR;orL  Li, 2006 37,692 HR/Observational NA Cribriform vs. not 0.6 (0.3; 1)

invasive study* specified

Any LR Smith, 2006°° 3,409 HR/Observational 60 Cribriform vs. not 0.27 (0.06; 1.11)

recurrence study* specified

Local DCIS LR Goldstein, 2000°™ 13 OR/Observational 84 Cystic vs. micropapillary  2.556 (0.068; 95.88)

or invasive study

recurrence

Any LR Smith, 2006°”° 3,409 HR/Observational 60 DCIS +LCIS vs. not 1.39 (0.69; 2.8)

recurrence study* specified

Local LR or L Smith, 2006°° 3,409 HR/Observational 60 DCIS +LCIS vs. DCIS; 1.24 (0.43; 3.6)

invasive study* not specified

Local DCIS LR Smith, 2006°°° 3,409 HR/Observational 60 DCIS +LCIS vs. DCIS; 1.21 (0.28; 5.31)
study* not specified

Local DCIS M; LR or L Cataliotti, 1992°% 46 OR/Observational 94 Mixed vs. micropapillary ~ 0.167 (0.02; 1.42)

or invasive study

recurrence

Local DCIS LR or L Fisher, 1999°% 818 RR/Randomized 102 Other vs. cribriform 1.64 (0.91; 2.95)

or invasive control trial*

recurrence

Local DCIS LR Smith, 2006°%° 3,409 HR/Observational 60 Papillary vs. not 2 (1.01; 3.99)

study*

specified
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Table 14. Association between architecture and patient outcomes (continued)

Outcomes Tlrre]gltlrjr:jindts Author; Year N\l;vrgﬁjeernof Estimate/Design '\lﬂgng\]iu%f Architecture Rilsastgl(ﬁ;\fiiisgg(;:fése
Local M;LR;orL  Li, 2006> 37,692 HR/Observational NA Papillary vs. not 1.3(1;1.7)
invasive study* specified
Any invasive  M;LR;orL  Li, 2006 37,692 HR/Observational NA Papillary vs. not 1.2 (1; 1.5)
study* specified

Any LR Smith, 2006°° 3,409 HR/Observational 60 Papillary vs. not 1.41 (0.98; 2.04)

recurrence study* specified

Local LRorL Smith, 2006°° 3,409 HR/Observational 60 Papillary vs. not 1.4 (0.81; 2.42)

invasive study* specified

Contralateral M;LR;orL  Li, 2006 37,692 HR/Observational NA Papillary vs. not 1.1 (0.9; 1.5)

invasive study* specified

carcinoma

Local DCIS LRorL Bijker, 2006°*° 775 RR/Randomized 126 Solid/comedo vs. 2.25(1.21; 4.18)

or invasive control trial* micropapillary

recurrence

Local DCIS LR or L Fisher, 1999°% 818 RR/Randomized 102 Solid vs. cribriform 2.41 (1.28; 4.52)

or invasive control trial*

recurrence

Local DCIS L Fish, 1998%' 88 OR/Observational 60 Solid vs. cribriform 0.816 (0.257; 2.586)

or invasive study

recurrence

Local DCIS L Miller, 2001%%® 88 OR/Observational 60 Solid vs. cribriform 0.816 (0.257; 2.586)
study

Any invasive L Fish, 1998%' 88 OR/Observational 60 Soild vs. cribriform 0.736 (0.18; 3.008)
study

Local L Miller, 2001%° 88 OR/Observational 60 Solid vs. cribriform 0.736 (0.18; 3.008)

invasive study

Local DCIS L Cutuli, 2001°* 11 OR/Observational 91 Solid vs. micropapillary 7.5 (0.458; 122.703)

or invasive study

recurrence

Local DCIS L Ottesen, 2000>*’ 99 OR/Observational 120 Solid vs. micropapillary ~ 2.47 (0.706; 8.633)
study

Local DCIS L Ottesen, 2000>’ 99 OR/Observational 120 Solid vs. micropapillary ~ 2.39 (0.972; 5.875)

or invasive study

recurrence

Local DCIS L Wong, 2006°% 64 OR/Observational 43 Solid vs. micropapillary ~ 2.286 (0.466; 11.217)

or invasive study

recurrence
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Table 14. Association between architecture and patient outcomes (continued)

Outcomes Tlrre]gltlrjr:j%ndts Author; Year N\l;vrgﬁjeernof Estimate/Design '\lﬂgng\]iu%f Architecture R,ilsastg/cei;\fiiisggf;;fctge
Local DCIS LR Goldstein, 2000°"™ 31 OR/Observational 84 Solid vs. micropapillary ~ 2.062 (0.189; 22.506)
or invasive study
recurrence
Local DCIS LR Cutuli, 2001°* 80 OR/Observational 91 Solid vs. micropapillary ~ 2.051 (0.501; 8.4)
or invasive study
recurrence
Local L Ottesen, 2000%’ 99 OR/Observational 120 Solid vs. micropapillary ~ 1.792 (0.596; 5.382)
invasive study
Any L Ottesen, 1992°"" 65 OR/Observational 53 Solid vs. micropapillary ~ 1.75 (0.459; 6.679)
recurrence study
Local DCIS M; LR or L Silverstein, 1992°% 65 OR/Observational 56 Solid vs. micropapillary ~ 1.652 (0.218; 12.545)
or invasive study
recurrence
Contralateral L Ottesen, 2000%’ 99 OR/Observational 120 Solid vs. micropapillary ~ 0.98 (0.06; 16.114)
DCIS study
contralateral L Ottesen, 2000>’ 99 OR/Observational 120 Solid vs. micropapillary ~ 0.98 (0.019; 50.378)
invasive study
carcinoma
Local DCIS LR Rodrigues, 2002°% 47 OR/Observational 98.4 Solid vs. micropapillary ~ 0.558 (0.057; 5.49)
or invasive study
recurrence
Contralateral M;LR;orL  Li, 2006>" 37,692 HR/Observational NA Solid vs. not specified 1.8 (1; 3.2)
invasive study*
carcinoma
Any invasive  M;LR;orL  Li, 2006 37,692 HR/Observational NA Solid vs. not specified 1.7 (1.1; 2.6)

study*
Local M;LR;orL  Li, 2006> 37,692 HR/Observational NA Solid vs. not specified 1.5 (0.8; 2.9)
invasive study*

Bold = Statistically significant
* Multivariate adjusted

Note: Micropapillary includes papillary; cling; and micropapillary. Only the results with the highest evidence from each study are abstracted.
L=Lumpectomy; M=Mastectomy; R=Radiation; SSM=Skin Sparing Mastectomy; T=Tamoxifen
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Table 15. Association between microinvasion and patient outcomes

Included Author. Year Number of Estimate/Desian Months of Microinvasion Relative Measure of the
Treatments ' Women 9 Followup Status Association (95% CI)
Contralateral DCIS or Invasive
LR, L Adepoju, 2006°" 310 OR/Observational study 103.2 Yes vs. no 0.968 (0.119; 7.842)
Local DCIS or Invasive Carcinoma
LR or L Cox, 1997°°' 103 HR/Observational study* 57.5 Yes vs. no 8.1 (1.2; 53)
L, LR, LT, or LRT Roka, 2004>* 132 OR/Observational study 61.6 Yes vs. no 3.059 (0.698; 13.407)
L Bijker, 2001%’ 404 OR/Randomized control trial* 64.8 Yes vs. ho 1.647 (0.659; 4.114)
LR Bijker, 2001%’ 411 OR/Randomized control trial* 64.8 Yes vs. no 1.63 (0.448; 5.923)
LRor L Adepoju, 2006°" 310 OR/Observational study 103.2 Yes vs. no 0.31 (0.041; 2.366)
Any Recurrence
LR Mirza, 2000 109 OR/Observational study 240 Yes vs. no 3.198 (0.473; 21.603)

Bold = Statistically significant
* Multivariate adjusted
L=Lumpectomy; M=Mastectomy; R=Radiation
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Table 16. Association between necrosis and patient outcomes

Included Number of . . Months of Presence of Relative Measure of the
Treatments Author, Year Women Estimate/Design Followup Necrosis Association (95% CI)
All Cause Mortality
LR Solin, 1993°% 81 OR/Observational study 84 Yes vs. no 0.54 (0.072; 4.051)
LR Solin, 1993°%° 120 OR/Observational study 84 Intermediate vs. no  0.303 (0.041; 2.257)
Any Recurrence
L Ottesen, 1992 112 OR/Observational study 53 Yes vs. no 5.649 (2.139; 14.915)
SSM Carlson, 2007°% 170 OR/Observational study 82.3 Yes vs. no 4.071 (0.507; 32.717)
M, LR, LT, LRT, orL  Stallard, 2001>>® 151 OR/Observational study 132 Yes vs. no 1.087 (0.337; 3.513)
Breast Cancer mortality
LR Solin, 1993°% 81 OR/Observational study 84 Yes vs. no 1.12 (0.097; 12.91)
LR Solin, 1993°® 120 OR/Observational study 84 Intermediate vs. no  0.311 (0.019; 5.137)
Contralateral DCIS
L Ottesen, 2000™°" 168**  OR/Observational study 120 Yes vs. no 0.503 (0.024; 10.677)
L Ottesen, 2000>’ 142* OR/Observational study 120 Yes vs. no 0.394 (0.019; 8.366)
Contralateral DCIS or Invasive
LR or L Adepoju, 2006°" 310 OR/Observational study 103.2 Yes vs. no 1.327 (0.396; 4.442)
L Ottesen, 2000%’ 142* OR/Observational study 120 Yes vs. no 1.011 (0.089; 11.441)
L Ottesen, 2000>’ 168** OR/Observational study 120 Yes vs. no 0.855 (0.087; 8.433)
Contralateral Invasive
L Ottesen, 2000’ 142* OR/Observational study 120 Yes vs. no 6.161 (0.246; 154.175)
L Ottesen, 2000>’ 168** OR/Observational study 120 Yes vs. no 2.609 (0.16; 42.584)
Distant Metastasis
LR Solin, 1993°% 81 OR/Observational study 60 Yes vs. no 1.766 (0.07; 44.288)
LR Solin, 1993°%° 120 OR/Observational study 60 Intermediate vs. no  0.918 (0.036; 23.749)
Local DCIS
L Ottesen, 2000™°" 168**  OR/Observational study 120 Yes vs. no 3.583 (1.564; 8.204)
L Ottesen, 2000%’ 142* OR/Observational study 120 Yes vs. no 3.58 (1.488; 8.614)
M, LR, or L Innos, 2008>** 23,547  IRR/Observational studyt 55 Yes vs. no 1.63 (1.11; 2.37)
L, LR, LT, or LRT Chan, 2001*” 114 OR/Observational study 47 Yes vs. no 1.551 (0.443; 5.435)
L Fish, 1998%' 88 OR/Observational study 60 Yes vs. no 0.878 (0.289; 2.671)
L, LR, LT, or LRT Warren, 2005°™° 1,103 OR/Observational studyt 91 Yes vs. no 0.8 (0.48; 1.33)
L, LR, LT, or LRT Chan, 2001°% 164 OR/Observational study 47 Intermediate vs. no  2.204 (0.809; 6.004)
Local DCIS or Invasive Carcinoma
M, MR, L, LR Schouten van der 798 HR/Observational studyt 59 Yes vs. no 9.3(3.3; 25.9)
Velden, 2007%"°
LR Bijker, 2001%’ 247 OR/Randomized control trial 64.8 Yes vs. no 4.974 (1.654; 14.959)
L MacDonald, 2005°"° 445 RR/Observational studyt 57 Yes vs. no 3.81(2.1; 6.93)
L Cornfield, 2004 151 OR/Observational studyt 65 Yes vs. no 3.3(15,7.2)
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Table 16. Association between necrosis and patient outcomes (continued)

Included Author. Year Number of Estimate/Desian Months of Presence of Relative Measure of the
Treatments ' Women 9 Followup Necrosis Association (95% CI)
LR Rodrigues, 2002°"° 230 OR/Observational study 98.4 Yes vs. no 3.238 (1.152; 9.1)
L Ottesen, 2000>’ 168 HR/Observational study?t 120 Yes vs. no 2.3(1.1;4.8)
LRT or LR Fisher, 2001°** 1,804 RR/Randomized control trialt 83 Yes vs. no 1.82 (1.33; 2.47)
LR or L Fisher, 1999°™ 818 RR/Randomized control trial 102 Yes vs. no 1.72 (1.23; 2.41)
L Warneke, 1995°°° 19 OR/Observational study 43 Yes vs. no 7 (0.312; 157.266)
L Kestin, 2000°"™ 28 OR/Observational study 120 Yes vs. no 6.611 (0.475; 91.953)
LR Warneke, 1995 21 OR/Observational study 43 Yes vs. no 2.385 (0.043; 133.568)
SSM Carlson, 2007°% 170 OR/Observational study 82.3 Yes vs. no 2.359 (0.276; 20.137)
LR or L Van Zee, 1999%° 122 OR/Observational study 72 Yes vs. no 2.035 (0.722; 5.735)
L Cornfield, 2004°* 151 OR/Observational study 65 Yes vs. no 1.964 (0.916; 4.212)
L, LR, LT, or LRT Chan, 2001** 114 OR/Observational study 47 Yes vs. no 1.616 (0.504; 5.181)
L Bijker, 2001%’ 239 OR/Randomized control trialt 64.8 Yes vs. no 1.302 (0.674; 2.518)
LRorL Omlin, 2006°™ 373 HR/Observational studyt 72 Yes vs. no 1.282 (2.326; 0.694)
L MacDonald, 2005°° 445 RR/Observational study?t 57 Yes vs. no 1.16 (0.52; 2.59)
LR Vicini, 2000°%° 148 OR/Observational study 120 Yes vs. no 1.075 (0.338; 3.424)
M Warneke, 1995°% 60 OR/Observational study 43 Yes vs. no 1.068 (0.021; 55.569)
L, LR, LT, or LRT Warren, 2005°° 1,103 HR/Observational study?t 91 Yes vs. no 0.9 (0.63; 1.3)
LR Goldstein, 2000°™ 89 OR/Observational study 84 Yes vs. no 0.79 (0.184; 3.393)
LR Sahoo, 2005°" 103 HR/Observational studyt 63 Yes vs. no 0.7 (0.16; 3.06)
LR Solin, 1996°%° 95 OR/Observational study 120 Yes vs. no 0.562 (0.182; 1.741)
LorLR Neuschatz, 2001°% 109 OR/Observational study 60 Yes vs. no 0.27 (0.066; 1.109)
L, LR, LT, or LRT Chan, 2001** 164 OR/Observational study 47 Intermediate vs. no  2.488 (0.983; 6.298)
LR Goldstein, 2000°™ 98 OR/Observational study 84 Intermediate vs. no  0.838 (0.221; 3.177)
LR Solin, 1996°%° 127 OR/Observational study 120 Intermediate vs. no  0.717 (0.258; 1.991)
LRor L Van Zee, 1999%° 72 OR/Observational study 72 Intermediate vs. no  0.696 (0.082; 5.882)
LRor L Adepoju, 2006°™ 310 OR/Observational study 103.2 0.664 (0.311; 1.42)
Local Invasive Carcinoma
L Ottesen, 2000”°" 142* OR/Observational study 120 Yes vs. no 3.729 (1.404; 9.903)
L Ottesen, 2000>*’ 168** OR/Observational study 120 Yes vs. no 2.848 (1.191; 6.815)
M, LR, or L Innos, 2008°%* 23,547  IRR/Observational studyt 55 Yes vs. no 1.93 (1.28; 2.91)
L, LR, LT, or LRT Chan, 2001°* 114 OR/Observational study 47 Yes vs. ho 1.8 (0.11; 29.561)
L, LR, LT, or LRT Warren, 2005°° 1,103 OR/Observational studyt 91 Yes vs. no 1.45 (0.83; 2.51)
L, LR, LT, or LRT Chan, 2001°*° 164 OR/Observational study 47 Intermediate vs. no  3.31 (0.362; 30.281)
Local or Contralateral Invasive
L Miller, 2001°%° 88 OR/Observational study 60 forLand Yesvs. no 0.841 (0.225; 3.143)
80.4 for M

Bold = Statistically significant
t Multivariate adjusted; * without microinvasion; ** with microinvasion

L=Lumpectomy; M=Mastectomy; R=Radiation; SSM=Skin Sparing Mastectomy; T=Tamoxifen
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Table 17. Association between predicted Van Nuys Index risk categories and patient outcomes (results from observational studies)

Author, Year N\l;vmber of Included Treatments Years of Risk Reference Estimate Mean (95% CI)
omen Followup Category Category

Any DCIS or Invasive
Stallard, 2001>° 220 M, LR, LT, LRT, or L 5 <5 OR 2.37(0.71; 7.98)
Stallard, 2001*° 220 M, LR, LT, LRT, or L 6 <5 OR 7.17 (2.38; 21.61)
Stallard, 2001>>° 220 M, LR, LT, LRT, or L >6 <5 OR 3.27 (1.02; 10.52)
Any Event
Di Saverio, 2008>>° 259 LR or L 10 2 1 OR 1.53 (0.52; 4.48)
Di Saverio, 2008 259 LR or L 10 3 1 OR 6.09 (2.40; 15.50)
Di Saverio, 2008 259 L 10 7t09 4106 OR 5.29 (1.92; 14.61)
Di Saverio, 2008° 259 LR or L 10 7t09 4106 OR 3.21 (1.21; 8.52)
Di Saverio, 2008 259 LR 10 7t09 4106 OR 1.72 (0.68; 4.35)
Di Saverio, 2008 259 L 10 1010 12 4106 OR 19.00 (7.12; 50.68)
Di Saverio, 2008 259 LR or L 10 10 to 12 4106 OR 3.21 (1.21; 8.52)
Di Saverio, 2008°° 259 LR 10 10 to 12 4106 OR 0.12 (0.01; 0.94)
Any Recurrence
Asjoe, 2007°% 104 M, LR, or L 2 1 OR 2.06 (0.50; 8.49)
Asjoe, 2007°% 104 M, LR, or L 7t09 4106 OR 3.59 (0.96; 13.47)
Asjoe, 2007°% 104 M, LR, or L 10 to 12 4106 OR 7.58 (2.17; 26.55)
Breast Cancer Mortality
Silverstein, 1995°' 425 LR or L 2 1 OR 1.00 (0.06; 16.21)
Silverstein, 1995°" 425 LRorL 3 1 OR 2.00 (0.18; 22.41)
Silverstein, 1996°" 333 LRor L 8 5to7 3or4 OR 3.09 (0.32; 30.25)
Silverstein, 2003°"* 706 LRor L 7t09 4106 OR 3.03(0.12; 75.28)
Silverstein, 2003°"* 706 LR or L 10 7t09 4106 OR 2.04 (0.18; 22.87)
Silverstein, 2003°"" 706 LR or L 5 7t09 4106 OR 1.00 (0.06; 16.21)
Di Saverio, 2008 259 LRorL 7t09 4106 OR 1.00 (0.06; 16.21)
Silverstein, 1996°" 333 LRor L 8 8or9 3or4 OR 1.00 (0.06; 16.21)
Di Saverio, 2008 259 LR or L 10to 12 4106 OR 8.61 (1.06; 70.17)
Silverstein, 2003°"* 706 LR or L 10 to 12 4106 OR 3.03 (0.12; 75.28)
Silverstein, 2003°"" 706 LR or L 10 10 to 12 4106 OR 2.04 (0.18; 22.87)
Silverstein, 2003°"" 706 LR or L 5 10 to 12 4106 OR 2.04 (0.18; 22.87)
Local DCIS
Silverstein, 1995°' 425 M, LR or L 2 1 OR 5.16 (0.59; 44.95)
Silverstein, 1995°" 425 M, LR or L 3 1 OR 7.45 (0.90; 61.73)
Silverstein, 2003°"* 706 LRorL 7t09 4106 OR 12.24 (1.55; 96.68)
Di Saverio, 2008 259 LR or L 7t09 4106 OR 9.37 (0.50; 176.43)
Silverstein, 2003°"* 706 LR or L 10t0 12 4106 OR 42.43 (5.65; 318.48)
Di Saverio, 2008 259 LR or L 10 to 12 4106 OR 42.13 (2.50; 711.04)
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Table 17. Association between predicted Van Nuys Index risk categories and patient outcomes (results from observational studies) (continued)

Number of

Years of

Risk

Reference

i 0,

Author, Year Women Included Treatments Followup Category Category Estimate Mean (95% CI)
Local DCIS or Invasive
Silverstein, 1995°" 425 M, LR or L 2 1 OR 3.13(0.62; 15.89)
Silverstein, 1995°" 425 LR or L 2 1 OR 2.97 (0.91; 9.65)
Silverstein, 1995°" 425 LRor L 8 2 1 OR 2.53 (0.99; 6.45)
Gilleard, 2008%* 215 L 8 2 1 OR 1.84 (0.80; 4.25)
Cornfield, 2004°% 151 L 2 1 OR 1.77 (0.91; 3.47)
Silverstein, 1995°" 425 M, LR or L 3 1 OR 9.22 (2.06; 41.27)
Silverstein, 1995°" 425 LR or L 3 1 OR 8.76 (2.94; 26.12)
Silverstein, 1995°" 425 LR or L 8 3 1 OR 8.49 (3.57; 20.21)
Gilleard, 2008 215 L 8 3 1 OR 3.16 (1.43; 6.98)
Cornfield, 2004>* 151 L 3 1 OR 2.79 (1.46; 5.35)
Boland, 2003**’ 237 L, LR, LT, or LRT 3 1 or 2 no necrosis OR 4.46 (1.59; 12.47)
Boland, 2003°" 237 L, LR, LT, or LRT 3 1 or 2 no necrosis RR 4.10 (1.30; 14.00)
Boland, 2003°"' 237 L, LR, LT, or LRT 3 1 or 2 no necrosis RR 4.10 (1.20; 13.00)
Holland, 1998°" 129 LRT, LR, LT orL 6 3t05 OR 3.69 (0.75; 18.21)
Gilleard, 2008 215 L 8 5to 7 3to4 OR 27.85 (3.67; 211.11)
Boland, 2003**’ 237 L, LR, LT, or LRT 5to 7 3ord OR 17.47 (2.26; 135.02)
Silverstein, 1996°" 333 LR or L 8 5to7 3or4 OR 9.66 (2.80; 33.37)
MacAusland, 2007°"’ 222 L 8 5t07 3t04 OR 5.22 (2.04; 13.39)
MacAusland, 2007°"" 222 L 5 5t07 3t0 4 OR 4.57 (1.47; 14.21)
MacAusland, 2007°"" 222 L 5 5to 7 3to4 OR 3.62 (1.27; 10.30)
MacAusland, 2007°"" 222 L 8 5to 7 3to4 OR 3.53 (1.43; 8.74)
Kestin, 2000°" 177 L 10 5to 9 3t 4 OR 2.25 (0.99; 5.09)
Kestin, 2000°" 177 LR 5 5t0 9 3t04 OR 0.89 (0.33; 2.40)
Holland, 1998°™ 129 LRT,LR,LTorL 7.8 3t05 OR 10.04 (2.25; 44.71)
Silverstein, 2003°"" 706 LR or L 7t09 4106 OR 24.44 (3.21; 186.07)
MacAusland, 2007°” 222 L 8 7t09 4106 OR 5.97 (2.48; 14.35)
MacAusland, 2007°" 222 L 8 7t09 4106 OR 4.91 (2.03; 11.92)
MacAusland, 2007°"’ 222 L 5 7t09 4106 OR 3.89 (1.38; 11.01)
Di Saverio, 2008>>° 259 LR or L 7t09 4106 OR 3.59 (1.13; 11.41)
MacAusland, 2007°"" 222 L 5 7t09 4106 OR 2.98 (1.12; 7.98)
Boland, 2003°" 237 L, LR, LT, or LRT 8 5to7 RR 4.60 (2.00; 10.00)
Boland, 2003°"' 237 L, LR, LT, or LRT 8 <5 OR 77.79 (10.43; 579.97)
Silverstein, 1996°" 333 LR or L 8 8or9 3or4 OR 129.33 (37.09; 451.00)
Gilleard, 2008 215 L 8 8109 3to 4 OR 47.06 (6.28; 352.64)
MacAusland, 2007°"" 222 L 5 8t0 9 3to4 OR 6.33 (2.31; 17.33)
MacAusland, 2007°" 222 L 8 8to 9 3t0 4 OR 5.22 (2.04; 13.39)
MacAusland, 2007°"’ 222 L 8 809 3t04 OR 4.43 (1.82; 10.80)
MacAusland, 2007°"’ 222 L 5 8109 3t04 OR 0.24 (0.03; 2.19)
Silverstein, 2003°"" 706 LR or L 10 to 12 4106 OR 99.00 (13.29; 737.73)
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Table 17. Association between predicted Van Nuys Index risk categories and patient outcomes (results from observational studies) (continued)

Number of

Years of

Risk

Reference

Author, Year W. Included Treatments Estimate Mean (95% CI)
omen Followup Category Category
Di Saverio, 2008 259 LR or L 10 to 12 4106 OR 8.00 (2.67; 23.98)
MacAusland, 2007°"" 222 L 5 10 to 12 4106 OR 0.19 (0.02; 1.66)
MacAusland, 2007°" 222 L 5 10to 12 4106 OR 0.16 (0.02; 1.33)
MacAusland, 2007°" 222 L 8 10to 12 4106 OR 0.13(0.02; 1.10)
Boland, 2003°"' 237 L, LR, LT, or LRT 1 or 2 with necrosis 1 or 2 no necrosis OR 3.35(1.17; 9.62)
Boland, 2003*’ 237 L, LR, LT, or LRT 1 or 2 with necrosis 1 or 2 no necrosis RR 2.70 (0.60; 11.00)
Boland, 2003*" 237 L,LR LT, or LRT 1 or 2 with necrosis 1 or 2 no necrosis RR 2.20 (0.50; 9.30)
Ringberg, 2000%° 306 L 5 High Low OR 1.86 (0.95; 3.63)
Ringberg, 2000%° 306 L 5 Intermediate Low OR 0.29 (0.11; 0.77)
Nakamura, 2002°** 260 LR 10 Lagios' criteria No Lagios' criteria OR 0.32(0.15; 0.67)
Nakamura, 2002 260 LR 5 Lagios' criteria No Lagios' criteria OR 0.46 (0.19; 1.12)
Smith, 2006°™° 14,202 M or LR San Francisco/Los San Francisco/Los OR 4.13 (0.45; 37.57)
Angeles and high risk  Angeles and low risk
Smith, 2006°"° 14,202 M or LR San Francisco/Los San Francisco/Los OR 3.03(0.12; 75.28)
Angeles and high risk  Angeles and low risk
Smith, 2006°"° 14,202 L San Francisco/Los San Francisco/Los OR 2.19 (0.89; 5.38)
Angeles and high risk  Angeles and low risk
Smith, 2006°™° 14,202 L San Francisco/Los San Francisco/Los OR 2.04 (0.37; 11.41)
Angeles and high risk  Angeles and low risk
Smith, 2006°"° 14,202 M or LR San Francisco/Los San Francisco/Los OR 3.06 (0.31; 29.95)
Angeles and moderate Angeles and low-risk
risk
Smith, 2006°"° 14,202 M or LR San Francisco/Los San Francisco/Los OR 3.03 (0.12; 75.28)
Angeles and moderate Angeles and low risk
risk
Smith, 2006°™° 14,202 L San Francisco/Los San Francisco/Los OR 1.72 (0.68; 4.35)
Angeles and moderate Angeles and low risk
risk
Smith, 2006°"° 14,202 L San Francisco/Los San Francisco/Los OR 1.52 (0.25; 9.27)
Angeles and moderate Angeles and low risk
risk
Smith, 2006°"° 14,202 L Other locations and high Other locations and OR 3.12 (1.25; 7.79)
risk low risk
Smith, 2006°"° 14,202 M or LR Other locations and high Other locations and OR 3.09 (0.61; 15.72)
risk low risk
Smith, 2006°"° 14,202 M or LR Other locations and high Other locations and OR 3.03 (0.12; 75.28)
risk low risk
Smith, 2006°™° 14,202 L Other locations and high Other locations and OR 2.04 (0.37; 11.41)
risk low risk
Smith, 2006°"° 14,202 M or LR Other locations and  Other locations and OR 3.03(0.12; 75.28)
moderate- risk low risk
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Table 17. Association between predicted Van Nuys Index risk categories and patient outcomes (results from observational studies) (continued)

Number of

Years of

Risk

Reference

Author, Year Included Treatments Estimate Mean (95% CI)
Women Followup Category Category

Smith, 2006°"° 14,202 L Other locations and  Other locations and OR 2.34(0.91; 6.03)
moderate risk low risk

Smith, 2006°™° 14,202 L Other locations and  Other locations and OR 2.04 (0.37; 11.41)
moderate risk low risk

Smith, 2006°"° 14,202 M or LR Other locations and  Other locations and OR 1.52 (0.25; 9.27)
moderate risk low risk

Smith, 2006°"° 14,202 M, LR, L Per unit increase HR 1.22 (1.06; 1.40)

Local Invasive

Silverstein, 1995°" 425 M, LR or L 2 1 OR 2.02 (0.18; 22.65)

Silverstein, 1995°" 425 M, LR or L 3 1 OR 9.68 (1.20; 77.94)

Silverstein, 2003°"* 706 LR or L 7t09 4106 OR 20.64 (1.18; 359.67)

Di Saverio, 2008 259 LRorL 7t09 4106 OR 2.67 (0.81; 8.81)

Silverstein, 2003°"* 706 LR or L 10to 12 4106 OR 51.19 (3.05; 859.33)

Di Saverio, 2008>>° 259 LR or L 10 to 12 4106 OR 2.09 (0.61; 7.17)

Local Recurrence

Silverstein, 2003°"" 706 LRorL 5 10to 12 4106 OR 95.12 (12.76; 708.81)

Silverstein, 2003°"* 706 LR or L 10 10to 12 4106 OR 62.76 (18.51; 212.85)

Silverstein, 2003°"* 706 LR or L 5 7t09 4106 OR 18.86 (2.45; 145.18)

Silverstein, 2003°" 706 LR or L 10 7t09 4106 OR 11.96 (3.49; 40.95)

Mortality

Di Saverio, 2008>" 259 LR or L 10 to 12 4106 OR 3.24 (1.22; 8.61)

Di Saverio, 2008 259 LR or L 7t09 4106 OR 1.01 (0.31; 3.25)

True Recurrence

Kestin, 2000°" 177 LR 10 5to 9 3to 4 OR 2.09 (0.61; 7.17)

Bold = Statistically significant



Table 18. Association between ER status and outcomes

Included Number of . . Months of Relative Measure of the

Treatments Author, Year Women Estimate/Design Followup ER Status Association (95% CI)
Any Recurrence
M, LR, LT, orL Kepple, 2006 94 OR/Observational study 48 Positive vs. negative  1.769 (0.196; 15.953)
M, MR, LRT, LT, Dawood, 2008>>* 403 OR/Observational study 60 Positive vs. negative ~ 12.983 (0.78; 216.181)
LR, orL
Local DCIS or Invasive Carcinoma
LRT,LR,LT,orL  Provenzano, 2003 95 OR/Observational study* 101 Positive vs. negative 0.2 (0.1; 0.8)
L,LR,LT,or LRT  Roka, 2004°% 122 OR/Observational study 61.6 Positive vs. negative  0.277 (0.063; 1.222)
L Ringberg, 2001°" 121 RR/Observational study* 62 Positive vs. negative 0.5 (0.3; 1.2)
M, LR or L de Roos, 2007>° 87 HR/Observational study* 49.8 Positive vs. negative  0.556 (0.169; 1.667)
LRorL Omlin, 2006°™ 373 HR/Observational study* 120 Positive vs. negative  0.71 (0.17; 2.96)
NA Wilson, 2006°" 126 OR/Observational study 60 Positive vs. negative  0.738 (0.33; 1.65)
LRor L Omlin, 2006°™ 373 HR/Observational study* 120 Unknown vs. negative  0.68 (0.18; 2.59)

Bold = Statistically significant
*Multivariate analysis
L=Lumpectomy; M=Mastectomy; R=Radiation; T=Tamoxifen
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Table 19. Association between progesterone receptor (PR) status and outcomes

Included Number of . . Months of Relative Measure of the
Treatments Author, Year Women Estimate/Design Followup PR Status Association (95% CI)
Any Recurrence
M, LR, LT, orL Kepple, 2006>° 94 OR/Observational study 48 Positive vs. negative  0.138 (0.016, 1.236)
M, MR, LRT, LT, Dawood, 2008*" 399 OR/Observational study 34.8 Positive vs. negative  2.089 (0.445, 9.812)
LR, orL
Local DCIS or Invasive Carcinoma
LRT, LR, LT,orL Provenzano, 20033-51 95 OR/Observational study* 101 Positive vs. negative 0.4 (0.2, 0.9)
L, LR, LT, or LRT Roka, 2004°* 122 OR/Observational study 61.6 Positive vs. negative  0.37 (0.072, 1.913)
L Ringberg, 2001°" 121 RR/Observational study 62 Positive vs. negative 0.6 (0.3, 1.3)
M, LR or L de Roos, 2007 87 HR/Observational study* 49.8 Positive vs. negative _0.909 (0.333, 2.5)

Bold = Statistically significant
* Multivariate adjusted

L=Lumpectomy; M=Mastectomy; R=Radiation; T=Tamoxifen
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Table 20. Association between HER status and local DCIS or invasive carcinoma

Included Number of . . Months of Relative Measure of the
Treatments Author, Year Women Estimate/Design Followup HER Status Association (95% CI)
Her 2
NA Wilson, 2006 125 OR/Observational study 60 HER?2 positive vs. negative  3.532 (1.334; 9.35)
L, LR, LT, or LRT Roka, 2004°* 120 OR/Observational study 61.6 HER? positive vs. negative  1.537 (0.39; 6.06)
M, LR or L de Roos, 2007°% 87 HR/Observational study* 49.8 HER?2 positive vs. negative 2.1 (0.7; 6.4)
M, LR, LT, or L Kepple, 2006 94 OR/Observational study 48 HER? positive vs. negative  3.677 (0.637; 21.223)
Her 3
M, LR, or L Barnes, 20050 105 OR/Observational study 21 HERS3 positive vs. negative  2.469 (1.032; 5.905)
Her 4
M, LR, or L Barnes, 2005°°° 129 OR/Observational study 21 HER4 positive vs. negative  0.324 (0.148; 0.709)

Bold = Statistically significant
*Multivariate adjusted
L=Lumpectomy; M=Mastectomy; R=Radiation; T=Tamoxifen



Table 21. Comparison of major prognostic factors between DCIS and early stage invasive breast cancer

Prognostic Factor

DCIS

Early Stage Invasive Breast
Cancer

Comedo status

Increased risk of DCIS or invasive
recurrence

Not applicable

Microinvasion

Increased risk of DCIS or invasive
recurrence

Not applicable

Lymph node positivity

Not applicable

Increased risk of local recurrence,
distant recurrence and mortality
with positive nodes

Margins Positive margins are associated with an  Increased risk of recurrence with
increased risk of DCIS or invasive positive margins
recurrence

Tumor size Larger tumor size is associated with Larger tumor size is associated
increased risk of DCIS or invasive with an increased risk of
recurrence recurrence

Grade Higher grade is associated with Higher grade is associated with
increased risk of DCIS or invasive increased risk of recurrence
recurrence

Age Younger age associated with a higher Younger age is associated with
risk of DCIS or invasive recurrence. higher risk of recurrence.
Older age is associated with increased
all-cause mortality.

Race African American race associated with African American race associated

increased risk of DCIS or invasive
recurrence, risk attenuated when
adjusted for tumor characteristics.
Higher mortality for African American
versus white women.

with increased risk of recurrence.

Estrogen receptor status

Small studies point to increased risk of
recurrence in women whose tumors are
ER negative

ER negative women at increased
risk of recurrence

Her2Neu

Two small studies only, but support
association between Her2 and
increased risk of recurrence.

Her2Neu positive women at
increased risk of recurrence.
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Question 4. In patients with DCIS, what is the impact of
surgery, radiation, and systemic treatment on outcomes?

We identified five randomized trials that addressed the value of radiation therapy (Table 22)
or tamoxifen for treatment of DCIS. Of note, we were unable to find any randomized trials
comparing BCS plus radiation therapy with mastectomy analogous to the NSABP-BO06 trial for
invasive breast cancer. In addition to information from randomized trials, we identified 133
publications of 64 observational studies o (i.e., nonrandomized studies) that address the impact
of treatment on DCIS outcomes (Appendix Tables F26-F33). The most consistently measured
outcomes were ipsilateral DCIS, ipsilateral invasive cancer, combined ipsilateral DCIS and
invasive cancer, contralateral DCIS, contralateral invasive cancer, combined contralateral DCIS
and invasive cancer, breast cancer mortality, all-cause mortality, chemotherapy use, local
recurrence, regional recurrence, distant recurrence, and other outcomes (Appendix Table F26).

For the purposes of this report, we consider BCS, lumpectomy, and wide local excision to be
analogous terms.

Breast Conserving Surgery With Radiation Versus Without

In randomized trials including NSABP-17 and the European Organization for Research and
Treatment of Cancer (EORTC) randomized phase 11 trial 10853, whole breast radiation therapy
following BCS is associated with a reduction of local DCIS or invasive carcinoma recurrence but
no impact on breast cancer mortality or total mortality (Table 23). The studies consistently found
whole breast radiation therapy to be associated with a reduced incidence of local DCIS
recurrence and local invasive carcinoma. While statistically significant, the number of events
prevented per 1,000 treated women is typically less than 10 percent (Table 24).

Two studies®***?* found that while radiation therapy had a similar effect on recurrence
between those with positive and negative margins, the adverse prognostic effect of positive
margins remained after RT (HR 1.84;*' RR 1.84%%%).

Likewise, while Holmberg®** and Fisher®® reported similar effectiveness of RT regardless of
tumor size, RT did not completely eliminate the increased risk associated with larger versus
smaller tumors (Appendix Table F34).

Multiple observational studies report lower rates of local DCIS or invasive cancer for women
undergoing BCS+RT over BCS alone,29:307:308:314.316,319,321,333,338,347.358.3% ) 9h not all report
statistically significant patterns. Observational data from Sweden®>® show a lack of mortality
benefit associated with BCS+RT compared to BCS alone, while a single study>®® did find women
receiving RT had lower all-cause mortality.

While generally low level, there is no evidence that breast conserving surgery plus radiation
is more or less effective than breast conserving surgery without radiation in the presence or
absence of adverse prognostic factors. This lack of differential effect can be seen for the most
important prognostic factors, including grade, tumor size, involved margins, and comedo
necrosis. (Table 25-26).
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Mastectomy

While not studied in a randomized fashion, several observational studies (Appendix Tables
F35-F37) compared outcomes between mastectomy and BCS or BCS+RT. They found women
undergoing mastectomy (Appendix Tables F38-F39) were less likely than women undergoing
lumpectomy (Appendix Table F40) or lumpectomy plus radiation (Appendix Table F41) to
experience local DCIS or invasive recurrence.:%*** Women undergoing BCS alone were also
more likely to experience a local recurrence (Appendix Tables F42-F44).31%31533 \we found no
study showing a mortality reduction associated with mastectomy over BCS with or without
radiation. It is possible, however, that low statistical power is an important factor behind this
apparent lack of benefit. Since the breast cancer mortality after DCIS diagnosis is so low, it is
possible that few studies have included sufficient numbers of cases to support identification of a
mortality benefit. Selection bias may also contribute to the apparent lack of benefit for
mastectomy in observational studies. Clinically larger, multicentric, and more problematic
tumors will be more likely to be treated with mastectomy than BCS. These tumors are also more
likely to recur and are more often associated with breast cancer mortality. Thus, equal mortality
in spite of differences in severity may be masking a clinically superior treatment.

While generally low level, there is no evidence that mastectomy is more or less effective than
BCS plus radiation in the presence or absence of adverse prognostic factors. This lack of
differential effect can be seen for the most important prognostic factors, including grade, tumor
size, involved margins, and comedo necrosis (Tables 27-31).

Tamoxifen

The NSABP-24 assessed the value of tamoxifen following DCIS diagnosis and found
tamoxifen use to reduce risk of recurrent DCIS or invasive carcinoma. The trial found that
tamoxifen was associated with a 50 percent reduction in contralateral disease and of breast
cancer mortality but had no impact on all-cause mortality (Table 32). Adverse events associated
with tamoxifen are consistent with its profile in other settings. There was an increase in hot
flushes, fluid retention, and vaginal discharge associated with chemotherapy (Table 33).3%*
Combined treatment (lumpectomy, radiation, and tamoxifen) compared to lumpectomy and
tamoxifen reduced the rates of all cancer events by 29 percent (pooled RR 0.71, 95 percent ClI
0.62; 0.82, | squared 0 percent).***3** The study did not show any differential impact of
tamoxifen for women with or without adverse pathological characteristics except for a
nonsignificant indication that tamoxifen was less effective for women without comedo necrosis
or with smaller tumors.®

The only observational study of tamoxifen use after DCIS that included comparisons with
nonusers was conducted by Warren.3*® They found that women with DCIS who received
tamoxifen had the same hazard of local DCIS or invasive cancer as women who did not receive
tamoxifen.

Ongoing studies such as the NSABP-37 are examining the comparative effectiveness of
tamoxifen and aromitase inhibitors and the use of trastuzumap for Her2 positive women
(NSABP B-43).
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APBI

An emerging controversy is whether APBI therapy is as effective as whole breast radiation
therapy. Observational studies reporting results of APBI for DCIS are limited to the
MammoSite® technology, and do not include control groups. Multiple publications about the
effectiveness of the MammoSite® technology for DCIS are available (Appendix Table F45). The
ongoing NSABP-39 trial randomizes women to whole or APBI therapy.*” For that trial, three
partial breast techniques are treated as equivalent: multicatheter brachytherapy, MammoSite®
balloon catheter, and 3-D conformational external beam radiation. Other ongoing trials are
comparing whole breast to specific types of APBI.

Summary

Randomized trials provide consistent evidence that DCIS treated with breast conserving
therapy plus radiation compared to breast conserving therapy alone results in reduced total local
recurrence by 53 percent (pooled RR 0.47, 95 percent Cl 0.34; 0.63)%%>2%32433L and |ocal
invasive breast cancer recurrence by 46 percent (pooled RR 0.54, 95 percent Cl 0.43;
0.68)2%32232433L \yith no differences in overall and breast cancer mortality, all****?*324 or
invasive®*32433! contralateral breast cancer, total distant,*?*2%*331:3% or |ocal regional nodes
recurrence (Table 34).3%3% Observational studies point to somewhat inconsistent effects
regarding the benefit of BCS with RT relative to BCS alone. The observational studies, however,
are frequently under-powered, subject to selection bias (that is, patients are not randomly
allocated to RT or not) and inconsistent in their control of known confounding factors.

While not studied in a randomized fashion, studies point to equivalent outcomes between
breast conserving surgery plus radiation and mastectomy while BCS alone tends to be inferior to
mastectomy.

Subset analyses, while generally lower level of evidence (e.g., not always multivariate
adjusted) do not point to differential effectiveness of surgery or radiation in the presence of
adverse prognostic factors. This lack of differential effect suggests that treatment alone may not
eliminate the adverse prognosis but also suggests that for patients with adverse prognostic
features, treatment may be particularly important.

Evidence of the effectiveness of tamoxifen for treating DCIS is based on a very small
number of randomized and observational studies but is quite promising. Ongoing studies
evaluating the value of hormonal therapies and herceptin for use with DCIS will help clarify the
benefit of these therapies, particularly if assessment of estrogen and progesterone receptor status
and Her2 positivity in the general population increases.

Synthesizing across studies, we found no effects on overall mortality or breast cancer
mortality (Table 35). Only one observational study reported significant reduction in crude odds
of breast cancer mortality after adjuvant radiotherapy (LR or LRT versus L or LT).**® All cancer
events were reduced after combined treatment (lumpectomy plus radio- and chemotherapy) when
compared to dual therapy (lumpectomy plus radiotherapy** or lumpectomy plus
tamoxifen).*?*32* However, given the low level of mortality associated with DCIS and the long
treatment horizon, it is likely that even the largest of these studies is underpowered to identify a
mortality benefit. A similar conclusion was reached with invasive breast cancer where mortality
is much more common. Yet, until all studies were pooled using meta-analysis, no mortality
effect was observed when comparing BCS+RT to BCS alone.
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The overall evidence of treatment effectiveness is consistent with treatment effectiveness for
invasive breast cancer. This insight should facilitate transfer knowledge about treatment
effectiveness from invasive breast cancer to DCIS.
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Table 22. Summary of characteristics of included RCTs

Author/Country

Key Inclusion/Exclusion Criteria

Subjects Characteristics

Study Quality

Bijker, 2006°°>>>"
Country: Europe
Design: RCT

Active treatment: LR
Control treatment: L
Sample: 1,010

Inclusion criteria: Women with DCIS of the breast, lesions up to 5
cm, free of metastases of the axillary lymph nodes if axillary
dissection, after the lesion had been completely excised. Extent of
the free margins was not specified other than that DCIS should not
be present at the margin of the sample.

Exclusion criteria: Paget's disease of the nipple, invasive
carcinoma, patients more than 70 years of age, ongoing pregnancy,
history of previous or concomitant malignant disease other than
treated basal-cell carcinoma or cone-biopsied carcinoma in situ of
the cervix, with a performance status =2, or with a mental condition
or social situation precluding long-term followup.

Median age: 53

Range: 25-76

Length of followup (months):126
(median)

Range: NA

% of loss of followup in
active/control treatment: 1/0.6

Allocation concealment:
adequate

Masking: open
Intent-to-treat analyses:
itt

Funding: government

Holberg, 2008%"
Country: Sweden
Design: RCT

Active treatment: LR
Control treatment: L
Sample: 1,046

Inclusion criteria: Women with DCIS occupying a quadrant or less
of the breast, a clinically negative examination of the axilla, after
breast-conserving surgery.

Exclusion criteria: Paget's disease of the nipple, invasive
carcinoma or intracystic carcinoma in situ, ongoing pregnancy,
history of previous or concomitant malignant disease other than
basal cell carcinoma or treated carcinoma in situ of the cervix.

Mean age: 56.4
Range: <50 years (24.1%), 50-57

years (27.7%), 58-64 years (25.2%),

>65 years (22.9%).

Length of followup (months):100.8
(mean)

Range: NA

% of loss of followup in active/control

treatment: 0/0

Allocation concealment:
adequate

Masking: open
Intent-to-treat analyses:
itt

Funding: other

Houghton, 2003*%
Country: UK, Australia,
New Zealand

Design: RCT

2X2 factorial design.
Fourarms are L, LT,
LR, or LRT.

Sample: 1,694

Inclusion criteria: Women with unilateral or bilateral DCIS and
suitable for breast conservation, or microinvasion (<1 mm in
diameter) if completely excised, as defined by free margins.
Exclusion criteria: Paget's disease of the nipple, lobular carcinoma
in situ or ADH in the absence of DCIS, uncertain pathological
margins of disease, a reduced life expectancy because of previous
or concomitant malignant disease or a nonmalighant condition, and
unsuitable for any of the treatment options.

Median or mean age: NA

Range: 25-39 years (0.7%), 40-44
years (2.6%), 45-49 years (6.2%),
50-54 years (29%),

55-59 years (25.2%), 60-64 years
(26.4%), 65-69 years (7.1%), =270
years (2.8%).

Length of followup (months): 52.6
(median)

Range: 2.4-118.3

% of loss of followup in
active/control treatment: NA/NA

Allocation concealment:
unclear

Masking: open
Intent-to-treat analyses:
itt

Funding: other

Fisher, 2001%**
Country: USA
Design: RCT

Active treatment: LRT
Control treatment: LR
Sample: 1,804

Inclusion criteria: Women with DCIS, no sign of invasive cancer,
56 days or less between surgery and randomization.

Exclusion criteria: Past history of cancer except in situ carcinoma
of cervix or squamous-cell or basal-cell carcinoma of the skin, and
life expectancy less than 10 years.

Median or mean age: NA

Range: <49 years (33.5%), 50-59
years (30.5%), 260 years (36.5%).
Length of followup (months): 83
(median)

Range: NA

% of loss of followup in
active/control treatment: 0.3/0.3

Allocation concealment:
unclear

Masking: db
Intent-to-treat analyses:
preplanned itt, but
exclude 6 no followup
cases.

Funding: government
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Table 22. Summary of characteristics of included RCTs (continued)

Subjects Characteristics

Study Quality

Author/Country Key Inclusion/Exclusion Criteria
Fisher, 1993°* Inclusion criteria: Women with DCIS receiving a lumpectomy, 56
Country: USA days or less between surgery and randomization, and histologically
Design: RCT tumor-free margins of the resected specimen.
Active treatment: LR Exclusion criteria: Past history of cancer except in situ carcinoma
Control treatment: L of cervix or squamous-cell or basal-cell carcinoma of the skin, and
Sample: 818 tumor-positive axillary nodes on clinical examination.

Median or mean age: NA

Range: <49 years (33.5%), 50-59
years (30.5%), 260 years (36%).
Length of followup (months): 43
(mean)

Range: 11-86

% of loss of followup in
active/control treatment: 0.5/0.7

Allocation concealment:
adequate

Masking: open
Intent-to-treat analyses:
preplanned itt, but
exclude 5 no followup
cases.

Funding: government

Abbreviations: RCT, randomized control trial; L, lumpectomy; R, radiation therapy; T, tamoxifen treatment; DCIS, ductal carcinoma in situ; NA, not available; itt,

intention to treat; db, double-blinded



Table 23. Association between treatment options for DCIS and patient outcomes from RCTs by trial

Author
Active/Dose vs.

Cases/randomized in

Relative Risk (95%

NNT (95% ClI)
[Number of

Control/Case Outcomes Active Cl) Attributable Events
Treatment [Control] Groups [ARD (95% CI)] per 1,000 Treated
(95% CI)]

Bijker, 2006°* Local DCIS or 75/507 (14.8) 564 (.437; .728) 9 (6;15)

LR/50Gy vs. L invasive carcinoma  [132/503 (26.2)] [-.114 (-.164;-.065)] [114 (65;164)]
recurrence
Local DCIS 36/507 (7.1) .533 (.362; .784) 16 (10;40)
recurrence [67/503 (13.3)] [-.062 (-.099:-.025)] [62 (25;99)]
Local invasive 40/507 (7.9) .601 (.414; .873) 19 (11;68)
carcinoma [66/503 (13.1)] [-.052 (-.09;-.015)] [52 (15;90)]
Regional 8/507 (1.6) 467 (.203; 1.072)
recurrence [17/503 (3.4)] [-.018 (-.037;.001)]
Contralateral DCIS  39/507 (7.7) 1.382 (.864; 2.21)
or invasive [28/503 (5.6)] [.021 (-.009;.052)]

Contralateral DCIS

11/507 (2.2)
[10/503 (2.0)]

1.091 (.468; 2.547)
[.002 (-.016;.019)]

Contralateral
invasive

28/507 (5.5)
[19/503 (3.8)]

1.462 (.827; 2.584)
[.017 (-.008:.043)]

Distant recurrence

23/507 (4.5)
[20/503 (4.0)]

1.141 (.635; 2.051)
[.006 (-.019;.03)]

Total mortality

32/507 (6.3)
[27/503 (5.4)]

1.176 (.715; 1.933)
[.009 (-.019:.038)]

Breast cancer
mortality

17/507 (3.4)
[15/503 (3.0)]

1.124 (568; 2.227)
[.004 (-.018;.025)]

All events

384/507 (75.7)
[343/503 (68.2)]

1.111 (1.028; 1.2)
[.075 (.02;.131)]

13 (49;8)*
[75 (20;131)]**

HR of local DCIS or invasive carcinoma
recurrence adjusted by age, method of
detection, histology, pathology, margin, and

HR=1.82 (1.33; 2.49)*

treatment
Holberg, 2008%" Local DCIS or 64/526 (12.2) .449 (.343; .587) 7 (5;10)
LR/most 50Gy, invasive carcinoma  [141/520 (27.1)] [-.149 (-.197;-.102)] [149 (102;197)]
<50 cases split recurrence
54Gy vs. L Local DCIS 26/526 (4.9) .334 (.218; .512) 10 (7;16)
recurrence [77/520 (14.8)] [-.099 (-.134;-.063)] [99 (63;134)]
Local invasive 38/526 (7.2) .587 (.4; .861) 20 (12;67)

carcinoma

[64/520 (12.3)]

[-.051 (-.087;-.015)]

[51 (15:87)]

Contralateral DCIS

5/526 (1.0)
[8/520 (1.5)]

.618 (.203; 1.876)
[-.006 (-.019;.008)]

contralateral
invasive

29/526 (5.5)
[23/520 (4.4)]

1.246 (.731; 2.125)
[.011 (-.015;.037)]

Distant recurrence

17/526 (3.2)

1.401 (.676; 2.903)

[12/520 (2.3)]

[.009 (-.011;.029)]

Total mortality

441526 (8.4)
[50/520 (9.6)]

.87 (.591; 1.281)
[-.013 (-.047,.022)]

Breast cancer
mortality

1/526 (0.2)
[3/520 (0.6)]

.33 (.034; 3.158)
[-.004 (-.011;.004)]

[82/508 (16.1)]

[-.089 (-.128;-.05)]

[89 (50;128)]

Houghton, 2003™°
LT or LRT/20mg
tamoxifen/day with

or without 50Gy vs.

L or LR/with or

Local DCIS or
invasive carcinoma
recurrence

102/794 (12.8)
[114/782 (14.6)]

.881 (.688; 1.129)
[-.017 (-.051;.017)]

Local DCIS 57/794 (7.2) .729 (.525; 1.012)
recurrence [77/782 (9.8)] [-.027 (-.054;.001)]
Local invasive 45/794 (5.7) 1.266 (.823; 1.948)
carcinoma [35/782 (4.5)] [.012 (-.01,.034)]

Contralateral DCIS

11/794 (1.4)

516 (.25; 1.063)
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Table 23. Association between treatment options for DCIS and patient outcomes from RCTs by trial (continued)

Author
Active/Dose vs.
Control/Case
Treatment

Outcomes

Cases/randomized in
Active
[Control] Groups

Relative Risk (95%
Cl)
[ARD (95% CI)]

NNT (95% CI)
[Number of
Attributable Events
per 1,000 Treated

(95% CI)]
without 50Gy or [21/782 (2.7)] [-.013 (-.027;.001)]
invasive
Contralateral 10/794 (1.3) .657 (.297; 1.453)
invasive [15/782 (1.9)] [-.007 (-.019;.006)]
Total invasive 55/794 (6.9) 1.083 (.748; 1.568)

[50/782 (6.4)] [.005 (-.019;.03)]
Total DCIS 58/794 (7.3) .68 (.494; .936) 29 (16;164)
[84/782 (10.7)] [-.034 (-.063;-.006)] [34 (6;63)]
Total invasive or 114/794 (14.4) .82 (.652; 1.029)
DCIS [137/782 (17.5)] [-.032 (-.068;.005)]
All gyn tumor 7/883 (0.8) 6.429 (.793; 52.142)
[1/811 (0.1)] [.007 (.;.013)]
Fisher, 1999"%* Grade 1 toxicity 196/891 (22.0) 1.112 (.928; 1.333)
LRT/50Gy plus [176/890 (19.8)] [.022 (-.016;.06)]
tamoxifen 10mg Grade 2 toxicity 137/891 (15.4) 1.2 (.953; 1.512)
twice daily vs. [114/890 (12.8)] [.026 (-.007;.058)]
LR/50Gy Grade 3 toxicity 41/891 (4.6) 1.28 (.814; 2.013)
[32/890 (3.6)] [.01 (-.008;.028)]
Grade 4 toxicity 7/891 (0.8) 1.165 (.393; 3.454)
[6/890 (0.7)] [.001 (-.007;.009)]
Superficial vein 5/891 (0.6) 1.249 (.336; 4.634)
phlebitis [4/890 (0.4)] [.001 (-.005;.008)]
thromboembolism
Deep vein 9/891 (1.0) 4.495 (.974; 20.745)
thrombosis [2/890 (0.2)] [.008 (.001;.015)]
Non-fatal 2/891 (0.2) 1.998 (.181; 21.992)
pulmonary [1/890 (0.1)] [.001 (-.003;.005)]
embolism
Mild mood change  37/891 (4.2) .725 (.48; 1.095)
[51/890 (5.7)] [-.016 (-.036;.004)]
Moderate mood 45/891 (5.1) 1.249 (.814; 1.916)
change [36/890 (4.0)] [.01 (-.009;.029)]
Severe mood 11/891 (1.2) 1.57 (.611; 4.031)
change [7/890 (0.8)] [.004 (-.005;.014)]
Suicidal 1/891 (0.1) .999 (.063; 15.945)
[1/890 (0.1)] [. (-.003;.003)]
Death from suicide  0/891 (0.0) .333 (.014; 8.162)
[1/890 (0.1)] [-.001 (-.004;.002)]
Menstrual 171/891 (19.2) 1.203 (.983; 1.472)
disorders [142/890 (16.0)] [.032 (-.003;.068)]
Hot flushes 620/891 (69.6) 1.18 (1.1; 1.265) 9 (16;7)**

[525/890 (59.0)]

[.106 (.062;.15)]

[106 (62;150)]**

Fluid retention

291/891 (32.7)
[248/890 (27.9)]

1.172 (1.017; 1.35)
[.048 (.005;.091)]

21 (187;11)*
[48 (5:91)]**

Vaginal discharge

289/891 (32.4)
[178/890 (20.0)]

1.622 (1.379; 1.907)
[.124 (.084;.165)]

8 (12;6)**
[124 (84;165)]*

Rate of
endometrial cancer

1.53 vs. 0.45 per 1000
patients per year*

Fisher, 1993°%*
LR/50Gy vs. L

Distant recurrence  1/399 (0.3) .98 (.062; 15.612)
[1/391 (0.3)] [. (-.007;.007)]
Regional nodes 2/399 (0.5) 1.96 (.178; 21.527)

recurrence

[1/391 (0.3)]

[.002 (-.006;.011)]

Local DCIS or
invasive carcinoma
recurrence

43/323 (13.3)
[94/303 (31.0)]

429 (.31; .594)
[-.177 (-.241;-.113)]

6 (4:9)
[177 (113;241)]
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Table 23. Association between treatment options for DCIS and patient outcomes from RCTs by trial (continued)

NNT (95% CI)

A _Author Cases/randomized in Relative Risk (95% [Number of
ctive/Dose vs. . .
Control/Case Outcomes Active Cl) Attributable Events
Treatment [Control] Groups [ARD (95% CI)] per 1,000 Treated
(95% CI)]
Other locoregional  3/323 (0.9) 2.814 (.294; 26.908)
[1/303 (0.3)] [.006 (-.006;.018)]
Distant recurrence  2/323 (0.6) .625 (.105; 3.717)
[3/303 (1.0)] [-.004 (-.018;.01)]
Contralateral DCIS  17/323 (5.3) 1.595 (.742; 3.428)
or invasive [10/303 (3.3)] [.02 (-.012;.051)]
All second tumor 10/323 (3.1) .938 (.396; 2.222)
[10/303 (3.3)] [-.002 (-.03;.026)]
Other causes 12/323 (3.7) .804 (.378; 1.711)
[14/303 (4.6)] [-.009 (-.04;.022)]
Breast cancer 6/323 (1.9) 1.407 (.401; 4.938)
mortality [4/303 (1.3)] [.005 (-.014,.025)]
Total mortality 18/323 (5.6) .938 (.498; 1.769)
[18/303 (5.9)] [-.004 (-.04,.033)]
Local DCIS 271323 (8.4) 444 (.289; .683) 10 (6;20)
recurrence [57/303 (18.8)] [-.105 (-.158;-.051)] [105 (51;158)]
Local invasive 16/323 (5.0) 406 (.231; .714) 14 (9;35)

carcinoma

[37/303 (12.2)]

[-.073 (-.116;-.029)] [73 (29;116)]

Local pure invasive  7/323 (2.2) .597 (.234; 1.52)
[11/303 (3.6)] [-.015 (-.041;.012)]

Local DCIS + 9/323 (2.8) .325 (.155; .682) 17 (11;46)

invasive [26/303 (8.6)] [-.058 (-.094;-.022)] [58(22;94)]
Fisher, 2001°** All events 156/899 (17.4) .757 (.629; .912) 18 (11;54)
LRT/50Gy plus [206/899 (22.9)] [-.056 (-.093;-.019)] [56 (19;93)]
tamoxifen 10mg Total invasive or 100/899 (11.1) .654 (.517; .826) 17 (11;37)
twice daily vs. DCIS [153/899 (17.0)] [-.059 (-.091;-.027)] [59 (27;91)]
LR/50Gy Total invasive 50/899 (5.6) 575 (.411; .804) 24 (15;60)

[87/899 (9.7)]

[-.041 (-.066;-.017)] [41 (17;66)]

Total DCIS

50/899 (5.6)
[66/899 (7.3)]

758 (.531; 1.081)
[-.018 (-.04;.005)]

Local, regional,

3/899 (0.3)

375 (.1; 1.409)

and distant [8/899 (0.9)] [-.006 (-.013;.002)]

invasive

Contralateral DCIS  25/899 (2.8) .556 (.344; .898) 45 (25;228)

or invasive [45/899 (5.0)] [-.022 (-.04;-.004)] [22 (4;40)]

Contralateral DCIS  5/899 (0.6) .333 (.122; .913) 90 (48;694)
[15/899 (1.7)] [-.011 (-.021;-.001)] [11 (1;21)]

Contralateral 20/899 (2.2) .667 (.381; 1.165)

invasive [30/899 (3.3)] [-.011 (-.026;.004)]

Local DCIS or 72/899 (8.0) .72 (.54; .961) 32 (17;250)

invasive carcinoma  [100/899 (11.1)] [-.031 (-.058;-.004)] [31 (4;58)]

recurrence

Local DCIS 45/899 (5.0) .882 (.597; 1.303)

recurrence [51/899 (5.7)] [-.007 (-.027;.014)]

Local invasive 27/899 (3.0) .551 (.348; .873) 41 (23;169)

carcinoma [49/899 (5.5)] [-.024 (-.043;-.006)] [24 (6;43)]

All second tumor

37/899 (4.1)
[34/899 (3.8)]

1.088 (.689; 1.718)
[.003 (-.015;.021)]

Endometrial

7/899 (0.8)
[3/899 (0.3)]

2.333 (.605; 8.995)
[.004 (-.002;.011)]

Other tumor

30/899 (3.3)
[31/899 (3.4)]

.968 (.591; 1.585)
[-.001 (-.018;.016)]

Total mortality

421899 (4.7)
[44/899 (4.9)]

.955 (.632; 1.442)
[-.002 (-.022;.018)]
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Table 23. Association between treatment options for DCIS and patient outcomes from RCTs by trial (continued)

Author
Active/Dose vs.
Control/Case

Outcomes

Cases/randomized in

Active
[Control] Groups

Relative Risk (95%
Cl)
[ARD (95% CI)]

NNT (95% CI)
[Number of
Attributable Events
per 1,000 Treated

Treatment (95% CI]

Breast cancer 5/899 (0.6) .5 (.172; 1.457)
mortality [10/899 (1.1)] [-.006 (-.014;.003)]
Death, no evidence 19/899 (2.1) 1. (.533; 1.876)
of disease [19/899 (2.1)] [0 (-.013;.013)]

Fisher, 2001°** All events 134/410 (32.7) .704 (.592; .838) 7 (5;14)

LR/50Gy vs. L [187/403 (46.4)] [-.137 (-.204;-.071)] [137 (71;204)]
Total invasive or 101/410 (24.6) .666 (.539; .824) 8 (5;17)
DCIS [149/403 (37.0)] [-.123 (-.186;-.06)] [123 (60;186)]
Total invasive 57/410 (13.9) .637 (.47; .862) 13 (8;37)

[88/403 (21.8)]

[-.079 (-.132;-.027)]

[79 (27:132)]

Total DCIS

44]410 (10.7)
[60/403 (14.9)]

721 (.501; 1.037)
[-.042 (-.087;.004)]

Local, regional,

10/410 (2.4)

1.404 (.54; 3.653)

and distant [7/403 (1.7)] [.007 (-.013;.027)]
invasive

Contralateral DCIS ~ 30/410 (7.3) 1.638 (.928; 2.891)
or invasive [18/403 (4.5)] [.029 (-.004,.061)]

Contralateral DCIS

12/410 (2.9)
[3/403 (0.7)]

3.932 (1.118; 13.829)
[.022 (.003;.04)]

Contralateral 18/410 (4.4) 1.18 (.603; 2.308)

invasive [15/403 (3.7)] [.007 (-.02;.034)]

Local DCIS or 61/410 (14.9) .484 (.368; .636) 6 (5;10)
invasive carcinoma  [124/403 (30.8)] [-.159 (-.216;-.102)] [159(102;216)]
recurrence

Local DCIS 32/410 (7.8) .552 (.366; .832) 16 (9;49)
recurrence [57/403 (14.1)] [-.063 (-.106;-.021)] [63 (21;106)]
Local invasive 29/410 (7.1) 432 (.285; .654) 11 (7;20)
carcinoma [66/403 (16.4)] [-.093 (-.137;-.049)] [93 (49;137)]

All second tumor

20/410 (4.9)
[18/403 (4.5)]

1.092 (.586; 2.034)
[.004 (-.025:.033)]

Endometrial

2/410 (0.5)
[3/403 (0.7)]

655 (.11; 3.901)
[-.003 (-.013;.008)]

Other tumor

18/410 (4.4)
[15/403 (3.7)]

1.18 (.603; 2.308)
[.007 (-.02;.034)]

Total mortality

43/410 (10.5)
[45/403 (11.2)]

.939 (.633; 1.394)
[-.007 (-.05;.036)]

Death, no evidence

13/410 (3.2)

639 (.322; 1.267)

of disease [20/403 (5.0)] [-.018 (-.045;.009)]
Breast cancer 15/410 (3.7) 1.229 (.582; 2.592)
mortality [12/403 (3.0)] [.007 (-.018;.031)]

Julian, 2007°% Regional nodes 4/410 (1.0) 1.311 (.295; 5.819)
LR/50Gy vs. L recurrence [3/403 (0.7)] [.002 (-.01,.015)]
Julian, 2007°% Regional nodes 3/899 (0.3) 1.001 (.203; 4.947)

LRT/50Gy plus
tamoxifen 10mg
twice daily vs.
LR/50Gy

*Data reported by
authors were used
because RR cannot
be calculated

recurrence

[3/900 (0.3)]

[0 (-.005;.005)]

*Control group was better than active group
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Table 24. Events reduced by treating 1,000 people with radiation after breast conserving therapy (statistically
significant effects only)

Author Local DCIS Local Invasive DCIS or Invasive Regional
Recurrence Carcinoma Carcinoma Recurrence
Bijker, 2006°* 62.2 52.32 114.5 18.0
Holmberg, 2008>" 98.6 50.8 149.5
Houghton, 2003"%° 48.0 30.3 80.3
Fisher, 2001°** 79.3 (total invasive) 158.9
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Table 25. Impact of tumor grade on the effectiveness of lumpectomy plus radiation vs. lumpectomy alone

Treatment Author, Year N\l;vrgﬁqeernof Estimate/Design '\égng\]’\lsu%f Tumor Grade Rilsastglgé"\fiiis?grse(;:fése
Distant Recurrence
LR vs. L Bijker, 2001>" 284 RR/Randomized control trial* 64.8 Well 0.214 (0.0104; 4.428)
LRvs. L Bijker, 2001%’ 198 RR/Randomized control trial* 64.8 Intermediate 3(0.317; 28.348)
LR vs. L Bijker, 2001%’ 293 RR/Randomized control trial* 64.8 Poor 1.124 (0.4; 3.158)
All-Cause Mortality
LR vs. L Bijker, 2001>’ 284 RR/Randomized control trial* 64.8 Well 0.536 (0.049; 5.85)
LRvs. L Bijker, 2001%’ 198 RR/Randomized control trial* 64.8 Intermediate 1 (0.063; 15.765)
LR vs. L Bijker, 2001%’ 293 RR/Randomized control trial* 64.8 Poor 1.264 (0.462; 3.461)
Local DCIS or Invasive
LR vs. L Bijker, 2001>" 313 RR/Randomized control trial* 64.8 Low 0.575 (0.293; 1.128)
LRvs. L Bijker, 2001%’ 250 RR/Randomized control trial* 64.8 Moderate 0.607 (0.351; 1.052)
LRvs. L Bijker, 2001%’ 210 RR/Randomized control trial* 64.8 High 0.648 (0.389; 1.08)
LR vs. L Fisher, 1999°%° 321 RR/Randomized control trial* 102 Good 0.416 (0.255; 0.677)
LR vs. L Fisher, 1999°%° 302 RR/Randomized control trial* 102 Poor 0.444 (0.287; 0.685)
LR vs. L Neuschatz, 2001°*° 109 OR/Observational studies 60 Low 0.455 (0.007; 30.173)
LRvs. L Neuschatz, 2001°*° 109 OR/Observational studies 60 High 0.629 (0.166; 2.38)

Bold = statistically significant
* Multivariate adjusted
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Table 26. Impact of necrosis on the effectiveness of lumpectomy plus radiation vs. lumpectomy alone

Number of Months of

Treatment Author, Year Estimate/Design Necrosis Categories

Relative Measure of the

Women Followup Association (95% CI)

Local DCIS or Invasive Carcinoma

LR vs. L Bijker. 2001’ 228 RR/Randomized control trial 64.8 No 0.218 (0.077, 0.621)
LR vs. L Bijker, 2001%’ 258 RR/Randomized control trial 64.8 Yes 0.765 (0.452, 1.295)
LRvs. L Fisher, 1999°™ 342 RR/Randomized control trial 102 No 0.558 (0.348, 0.894)
LR vs. L Fisher, 1999°% 281 RR/Randomized control trial 102 Yes 0.35 (0.222, 0.550)
LRvs. L Warneke, 1995>° 17 OR/Observational study 43 Yes 0.187 (0.008, 4.292)
LRvs. L Warneke, 1995>°° 23 OR/Observational study 43 No 0.548 (0.01, 30.189)
LR vs. L Neuschatz, 2001°>° 41 OR/Observational study 60 Yes (necrosis) 0.861 (0.078, 9.497)
LR vs. L Neuschatz, 2001%° 68 OR/Observational study 60 No (necrosis) 0.777 (0.228, 2.65)
LRvs. L Neuschatz, 2001°% 25 OR/Observational study 60 Yes (comedonecrosis)  1.055 (0.114, 9.75)
LRvs. L Neuschatz, 2001°% 67 OR/Observational study 60 No (comedonecrosis) 0.794 (0.215, 2.935)

Bold = Statistically significant
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Table 27. Influence of architecture on mastectomy effectiveness

Number of . . Months of . Relative Measure of the

Treatment Author, Year Women Estimate/Design Followup Architecture Association (95% Cl)
All Events
Mvs.LRorL  Bonnier, 1999 153 OR/Observational study 60 Comedo 0.151 (0.031; 0.725)
Mvs.LRorL  Bonnier, 1999%" 221 OR/Observational study 60 Noncomedo 0.05 (0.003; 0.848)
All-Cause Mortality
Mvs. LR Silverstein, 1992°> 99 OR/Observational study 56 Comedo 0.361 (0.014; 9.089)
Mvs. L Silverstein, 1992°% 56 OR/Observational study 56 Comedo 0.2 (0.004; 10.719)
Mvs. LR Silverstein, 1992°% 102 OR/Observational study 56 Noncomedo 1 (0.019; 51.366)
Mvs. L Silverstein, 1992°% 68 OR/Observational study 56 Noncomedo 0.34 (0.006; 17.778)
Breast Cancer mortality
Mvs. LR Silverstein, 1991°°° 110 OR/Observational study 51 Comedo 0.929 (0.057; 15.231)
Mvs. LR Silverstein, 1991°%° 103 OR/Observational study 51 Noncomedo 0.981 (0.019; 50.379)
Local DCIS or Invasive Recurrence
Mvs. LR Cataliotti, 19927 6 OR/Observational study 94 Micropapillary 0.333 (0.009; 11.939)
Mvs. LR Cataliotti, 1992 11 OR/Observational study 94 Cribriform 0.882 (0.027; 29.148)
Mvs. LR Cataliotti, 1992°% 23 OR/Observational study 94 Mixed 0.235 (0.009; 6.401)
Mvs. LR Cataliotti, 1992%% 27 OR/Observational study 94 Others 0.302 (0.005; 16.789)
M vs. L Cataliotti, 1992°% 6 OR/Observational study 94 Micropapillary 2.143 (0.059; 77.541)
Myvs. L Cataliotti, 1992°% 13 OR/Observational study 94 Cribriform 1.588 (0.053; 47.519)
Mvs. L Cataliotti, 1992 28 OR/Observational study 94 Mixed 0.358 (0.013; 9.566)
Myvs. L Cataliotti, 1992°% 30 OR/Observational study 94 Others 0.442 (0.008; 23.973)
Mvs. LR Silverstein, 1992°°° 99 OR/Observational study 56 Comedo 0.14 (0.017; 1.182)
M vs. L Silverstein, 1992°°° 56 OR/Observational study 56 Comedo 0.613 (0.023; 16.221)
Myvs. LR Silverstein, 1992°% 102 OR/Observational study 56 Noncomedo 0.135 (0.007; 2.673)
Mvs. L Silverstein, 1992°% 68 OR/Observational study 56 Noncomedo 0.06 (0.003; 1.322)
Metastasis
Mvs. LR Bonnier, 1999°** 153 OR/Observational study 60 Comedo 0.315 (0.015; 6.791)
Mvs. LR Bonnier, 1999°%* 221 OR/Observational study 60 Noncomedo 0.141 (0.008; 2.55)

Bold = statistically significant
Those with moderate level of evidence come from multivariate analysis in observational studies.
Only the results with the highest evidence from each study are abstracted.
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Table 28. Impact of grade on the effectiveness of mastectomy vs. lumpectomy

Treatment Author. Year Number of Estimate/Desian Months of Tumor Relative Measure of the
' Women 9 Followup Grade Association (95% CI)

Local DCIS

M vs. L Bellamy, 1993>>* 130 OR/Observational studies 60 High 0.052 (0.006, 0.47)

Mvs. L Bellamy, 1993%* 130 OR/Observational studies 60 Low 0.302 (0.005, 16.789)

Local DCIS or Invasive

M vs. L Bellamy, 1993>>* 130 OR/Observational studies 60 High 0.081 (0.022, 0.293)

Mvs. L Bellamy, 1993 130 OR/Observational studies 60 Low 0.302 (0.005, 16.789)

local Invasive

M vs. L Bellamy, 1993>>* 130 OR/Observational studies 60 High 0.16 (0.035, 0.727)

Mvs. L Bellamy, 1993°** 130 OR/Observational studies 60 Low 0.302 (0.005, 16.789)

Bold = statistically significant
Those with moderate level of evidence come from post-hoc subgroup analysis in randomized control trials.
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Table 29. Association between treatment and patient outcomes, stratified by architecture

Relative Measure of

Treatment Author, Year Number of Estimate/Design Months of Architecture the Association (95%
Women Followup ch
LR vs. L Bijker, 2001’ 204 RR/Randomized control trial* 64.8 Clinging/microcapillary  2.121 (0.195; 23.028)
LRvs. L Bijker, 2001%’ 269 RR/Randomized control trial* 64.8 Cribriform 1.085 (0.069; 17.172)
LR vs. L Bijker, 2001%’ 300 RR/Randomized control trial* 64.8 Solid/comedo 0.935 (0.348; 2.513)
LR vs. L Silverstein, 1992°% 61 OR/Observational study 56 Comedo 0.553 (0.021; 14.628)
LR vs. L Silverstein, 1992°% 68 OR/Observational study 56 Noncomedo 0.34 (0.006; 17.778)
LRvs. L Bijker, 2006°*° 204 RR/Randomized control trial* 126 Clinging/microcapillary  0.455 (0.1819; 1.136)
LRvs. L Bijker, 2006°*° 269 RR/Randomized control trial* 126 Cribriform 0.698 (0.458; 1.062)
LR vs. L Bijker, 2006 299 RR/Randomized control trial* 126 Solid/comedo 0.543 (0.373; 0.791)
LRvs. L Fisher, 1999°™ 108 RR/Randomized control trial* 102 Cribriform 0.15 (0.044; 0.511)
LR vs. L Fisher, 1999°% 137 RR/Randomized control trial* 102 Solid 0.632 (0.36; 1.111)
LR vs. L Fisher, 1999°% 378 RR/Randomized control trial* 102 Other 0.477 (0.316; 0.721)
LRvs. L Cutuli, 2001°™ 68 OR/Observational study 91 Cribriform 0.696 (0.116; 4.167)
LR vs. L Cutuli, 2001°" 39 OR/Observational study 91 Papillary 0.5 (0.043; 5.813)
LRvs. L Cutuli, 2001°™ 201 OR/Observational study 91 Cribriform + papillary 0.237 (0.107; 0.524)
LRvs. L Cutuli, 2001°™ 52 OR/Observational study 91 Solid + clinging 0.137 (0.02; 0.956)
LR vs. L Cutuli, 2001°"* 153 OR/Observational study 91 Comedo 0.052 (0.011; 0.255)
LRvs. L Cataliotti, 1992%* 4 OR/Observational study 94 Micropapillary 5 (0.113; 220.637)
LR vs. L Cataliotti, 1992°% 6 OR/Observational study 94 Cribriform 1.8 (0.027; 121.712)
LR vs. L Cataliotti, 1992 25 OR/Observational study 94 Mixed 1.556 (0.086; 28.147)
LRvs. L Cataliotti, 1992°% 15 OR/Observational study 94 Others 1.462 (0.026; 83.468)
LRvs. L Silverstein, 1992°% 61 OR/Observational study 56 Comedo 3.132 (0.164; 59.652)
LRvs. L Silverstein, 1992°% 34 OR/Observational study 56 Noncomedo 1 (0.124; 8.057)
LR vs. L Bijker, 2001%’ 204 RR/Randomized control trial* 64.8 Clinging/microcapillary  0.082 (0.005; 1.429)
LR vs. L Bijker, 2001’ 269 RR/Randomized control trial* 64.8 Cribriform 0.995 (0.455; 2.175)
LRvs. L Bijker, 2001%’ 300 RR/Randomized control trial* 64.8 Solid/comedo 0.623 (0.339; 1.147)
LRvs. L Bijker, 2001%’ 204 RR/Randomized control trial* 64.8 Clinging/microcapillary  1.591 (0.272; 9.321)
LRvs. L Bijker, 2001%’ 269 RR/Randomized control trial* 64.8 Cribriform 0.663 (0.326; 1.350)
LR vs. L Bijker, 2001’ 300 RR/Randomized control trial* 64.8 Solid/comedo 0.433 (0.2; 0.940)
LR vs. L Bijker, 2001’ 204 RR/Randomized control trial* 64.8 Clinging/microcapillary  0.353 (0.015; 8.573)
LRvs. L Bijker, 2001%’ 269 RR/Randomized control trial* 64.8 Cribriform 0.724 (0.123; 4.261)
LR vs. L Bijker, 2001%’ 300 RR/Randomized control trial* 64.8 Solid/comedo 1.473 (0.506; 4.291)

* multivariate adjusted
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Table 30. Impact of necrosis on the effectiveness of mastectomy vs. breast conserving surgery

Number of . . Months of . . Relative Measure of the
Treatment Author, Year Women Estimate/Design Followup Necrosis Categories Association (95% Cl)
Local DCIS or Invasive Carcinoma
Mvs. L Warneke, 1995°%° 40 OR/Observational study 43 Yes 0.041 (0.002, 0.878)
Mvs. L Warneke, 1995°%° 39 OR/Observational study 43 No 0.27 (0.005, 14.623)
Mvs. LR Warneke, 1995%%° 35 OR/Observational study 43 Yes 0.22 (0.004, 12.162)
Mvs. LR Warneke, 1995%%° 46 OR/Observational study 43 No 0.492 (0.009, 25.991)

Bold = Statistically significant

Table 31. Association between treatment and patient outcomes, stratified by microinvasion status

Treatment Author. Year Number of Estimate/Desian Months of Microinvasion Relative Measure of the
! Women 9 Followup Status Association (95% CI)
LR vs. L Bijker, 2001%’ 745 RR/Randomized control trial 64.8 no 0.620 (0.446; 0.863)
LRvs. L Bijker, 2001%’ 40 RR/Randomized control trial 64.8 yes 0.643 (0.195; 2.125)

Bold = statistically significant



Table 32. Effect of tamoxifen on patient outcomes (results from RCTSs)

Months .
Author, Year Country Size of Treatment Outcomes Relative Risk (95% ClI) . Absolute Risk
Comparisons Difference (95% CI)
Followup
Houghton, UK, Australia, New Local invasive carcinoma  1.44 (0.51; 4.11) 0.01 (-0.02; 0.04)
2003*° Local DCIS recurrence 0.84 (0.32; 2.23) -0.01 (-0.03; 0.02)

Total invasive

1.28 (0.58; 2.81)

0.01 (-0.02; 0.05)

Total DCIS

0.84 (0.32; 2.23)

-0.01 (-0.03; 0.02)

Total invasive or DCIS

1.08 (0.60; 1.97)

0.01 (-0.04; 0.05)

eeT

Fisher, 2001%**

All events

0.76 (0.63; 0.91)

-0.06 (-0.09; -0.02)

Total invasive or DCIS

0.65 (0.52; 0.83)

-0.06 (-0.09; -0.03)

Total invasive

0.57 (0.41; 0.80)

-0.04 (-0.07; -0.02)

Total DCIS

0.76 (0.53; 1.08)

-0.02 (-0.04; 0.00)

Local, regional, and
distant invasive

0.38 (0.10; 1.41)

-0.01 (-0.01; 0.00)

All contralateral diseases

0.56 (0.34; 0.90)

-0.02 (-0.04; 0.00)

Contralateral DCIS

0.33 (0.12; 0.91)

-0.01 (-0.02; 0.00)

Contralateral invasive

0.67 (0.38; 1.17)

-0.01 (-0.03; 0.00)

Local DCIS or invasive
carcinoma recurrence

0.72 (0.54; 0.96)

-0.03 (-0.06; 0.00)

Local DCIS recurrence

0.88 (0.60; 1.30)

-0.01 (-0.03; 0.01)

Local invasive carcinoma

0.55 (0.35; 0.87)

-0.02 (-0.04; -0.01)

Total mortality

0.95 (0.63; 1.44)

0.00 (-0.02; 0.02)

Breast cancer mortality

0.50 (0.17; 1.46)

-0.01 (-0.01; 0.00)

Death, no evidence of
disease

1.00 (0.53; 1.88)

0.00 (-0.01; 0.01)

Local DCIS or invasive
carcinoma recurrence

0.72 (0.49; 1.07)

-0.05 (-0.10; 0.01)

Local DCIS or invasive
carcinoma recurrence

0.72 (0.47; 1.09)

-0.02 (-0.05; 0.01)

Local DCIS or invasive
carcinoma recurrence

0.79 (0.55; 1.14)

-0.02 (-0.05; 0.01)

Local DCIS or invasive
carcinoma recurrence

0.60 (0.38; 0.96)

-0.07 (-0.14; -0.01)

Local DCIS or invasive
carcinoma recurrence

0.72 (0.45; 1.16)

-0.02 (-0.06; 0.01)

Local DCIS or invasive
carcinoma recurrence

0.75 (0.52; 1.09)

-0.03 (-0.08; 0.01)

Local DCIS or invasive
carcinoma recurrence

0.58 (0.41; 0.82)

-0.04 (-0.07; -0.02)

Local DCIS or invasive
carcinoma recurrence

1.17 (0.69; 2.00)

0.02 (-0.06; 0.10)
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Table 32. Effect of tamoxifen on patient outcomes (results from RCTs) (continued)

Months

Author, Year Country Size . of Cg:r?g;r:::cr;:ls Outcomes Relative Risk (95% CI) Dif?ebrsecr)llcuete(gl:g;okCI)
ollowup
Regional nodes 1.00 (0.20; 4.95) 0.00 (-0.01; 0.01)
recurrence
Houghton, UK, Australia, New 1,694 52.6 LT vs. L Local invasive carcinoma  1.30 (0.81; 2.08) 0.02 (-0.01; 0.05)
2003*° Zealand Local DCIS recurrence 0.75 (0.53; 1.06) -0.03 (-0.07; 0.01)
Total invasive 1.10 (0.72; 1.67) 0.01 (-0.03; 0.04)
Total DCIS 0.69 (0.50; 0.97) -0.04 (-0.08; 0.00)
Total invasive or DCIS 0.82 (0.64; 1.04) -0.04 (-0.09; 0.01)
LT or LRT vs.  Local DCIS or invasive 0.88 (0.69; 1.13) -0.02 (-0.05; 0.02)
LorLR carcinoma recurrence

Local DCIS recurrence

0.73 (0.53; 1.01)

-0.03 (-0.05; 0.00)

Local invasive carcinoma

1.27 (0.82; 1.95)

0.01 (-0.01; 0.03)

All contralateral diseases

0.52 (0.25; 1.06)

-0.01 (-0.03; 0.00)

Contralateral invasive

0.66 (0.30; 1.45)

-0.01 (-0.02; 0.01)

Total invasive

1.08 (0.75; 1.57)

0.01 (-0.02; 0.03)

Total DCIS

0.68 (0.49; 0.94)

-0.03 (-0.06; -0.01)

Total invasive or DCIS

0.82 (0.65; 1.03)

-0.03 (-0.07; 0.00)

Total invasive or DCIS

0.62 (0.30; 1.28)

Local DCIS or invasive
carcinoma recurrence

0.52 (0.23; 1.20)

Total invasive or DCIS

0.85 (0.65; 1.11)

Local DCIS or invasive
carcinoma recurrence

0.95 (0.71; 1.26)




GET

Table 33. Adverse events after compared treatments

Treatment Number of Number of Length of Level of
. Studies Estimate/Design Followup Mean 95% CI ;
Comparison Women Evidence
(References) (Months)
All Second Tumors (Endometrial or Other Tumor)
Lumpectomy+Radiation 2 studies®>>** 813 RR, RCT 129 NS Low
vs. Lumpectomy 626 102
Total 1,439 102-129
Hot Flushes
Lumpectomy+Radiation+ 1 study™" 1,781 RR, RCT 74 1.18 (1.10; 1.27) Low
Tamoxifen vs.
Lumpectomy+Radiation
Fluid Retention
Lumpectomy+Radiation+ 1 study™" 1,781 74 1.17 (1.02; 1.35) Low
Tamoxifen vs.
Lumpectomy+Radiation
Vaginal Discharge
Lumpectomy+Radiation+ 1 study™" 1,781 74 1.62 (1.38; 1.91) Low

Tamoxifen vs.
Lumpectomy+Radiation

All Second Tumor, Endometrial, Other Tumor, Gradel-4 Toxicity, Superficial Vein Phlebitis/Thromboembolism, Deep Vein Thrombosis, Nonfatal
Pulmonary Embolism, Mild to Severe Mood Change, Suicidal, Death from Suicide, Menstrual Disorders

Lumpectomy+Radiation+ 2 studies>*** 1,798 RR, RCT 83 NS Low
Tamoxifen vs. 1,781 74

Lumpectomy+Radiation Total 3,579 74-83

All Gynecological Tumors

Lumpectomy+Tamoxifen 1 study”® 1,694 RR, RCT 52.6 6.43 (0.79;52.14) Low

or Lumpectomy+
Radiation+Tamoxifen vs.
Lumpectomy or
Lumpectomy+Radiation
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Table 34. Summary evidence map: Patient outcomes across treatments

Treatment

Local DCIS
Studies/Women
Effect
Evidence

Invasive
Studies/Women
Effect
Evidence

Local DCIS or Invasive BC
Studies/Women
Effect
Evidence

Metastasis
Studies/Women
Effect

Evidence

Contralateral Disease
Studies/Women
Effect
Evidence

Effect of Radiation

Lumpectomy+Radiation
vs. Lumpectomy

Total local recurrence

4 295+323,324331 2,869 0.47
(0.34; 0.63) H

Total DCIS

13813 NS L

3 296,319,329.371,402,3144 5 (35

NS 77%

Total local invasive

Local DCIS + invasive

4 2953233243313 056 Pooled 1 %%/ 626 0.32 (0.15; 0.68)

0.54 (0.43; 0.68) H
Total invasive

L
Total invasive or DCIS

13813 0.64 (0.47; 0.86) L 1 **%/ 813 0.67 (0.54; 0.82)
L

Local DCIS or invasive
recurrence

1 %%/1,576 0.82 (0.65; 1.03)
L

Local DCIS or invasive
carcinoma

4
314,319,329,371,402,314,315
* *OTIET[1,422

NS 88.50% L

Local invasive carcinoma
3 296*319,329,371,402*314*/5,036

NS L

Total distant
recurrence

3 323’331'398*295/2,682
Pooled NS M
Regional nodes
recurrence

2393971 603 NS M
Local, regional, and
distant invasive
1%%%/813 1.40 (0.54;
3.65) L

2 319,371,402*314*/1'422
NS 79% L

Nodal recurrence
134319716 NS L

All
32953233241 5 449 NS M

DCIS

332332433115 869 Pooled
NS L

Invasive

3323324331 5 869 Pooled
NS M

Lumpectomy+Radiation+
Tamoxifen vs.
Lumpectomy+Tamoxifen

13205 NS L

Local DCIS or invasive
carcinoma

13%%205 NS L

Local invasive carcinoma
13%%/205 NS L

Lumpectomy+Radiation
or Lumpectomy+
Radiation+Tamoxifen vs.
Lumpectomy or
Lumpectomy+Tamoxifen

Total local recurrence

L
Total DCIS

Total local invasive

149/1,030 0.36 (0.20; 0.65) 1 “°°/1,030 0.49 (0.27; 0.89)
L

Total invasive

1%9/1,030 0.31 (0.17; 0.56) 1 “%/1,030 NS L

L

Total invasive or DCIS

1%%%/'1,030 0.45 (0.31; 0.65)
L

Local DCIS or invasive
recurrence

1%°/1,694 0.88 (0.69; 1.13)
L

Local DCIS or invasive
carcinoma

13'%/1,103 0.68 (0.47; 0.97)
L

All

14%%1,030 NS L
Invasive

149 1030NSL

Effect of Mastectomy

Mastectomy vs.
Lumpectomy+Radiation

1°%/716 0.01 (0.00; 0.13) L

Local DCIS or invasive
carcinoma

1%%716 NS L
Nodal recurrence

13716 NS L
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Table 34. Summary evidence map: Patient outcomes across treatments (continued)

Local DCIS Invasive Local DCIS or Invasive BC Metastasis Contralateral Disease
Treatment Studies/Women Studies/Women Studies/Women Studies/Women Studies/Women
Effect Effect Effect Effect Effect
Evidence Evidence Evidence Evidence Evidence
2511514 0.31 (0.15; 1>%/716 NSL
0.62) 0% L

Local invasive carcinoma
134716 NS L

Mastectomy vs.
Lumpectomy

1°¥/716 0.01 (0.00; 0.13) L

Local DCIS or invasive 1716 NS L
carcinoma

2 31431511 514 0.08 (0.05;

0.15) 0% L

Local invasive carcinoma

13716 0.15 (0.04; 0.52) L

13716 NS L

Effect of Tamoxifen

Total local recurrence Total local invasive
191,053 NS L 1%%1,053 NS L
Total DCIS Total invasive
149/1,053 0.69 (0.50; 0.97) L 1 “°°/1,053 NS L

1%°1205 NS L

Lumpectomy+Tamoxifen
vs. Lumpectomy

Total invasive or DCIS
149 1,053 0.82 (0.64; 1.04)
L

Local DCIS or invasive
carcinoma

13205 NS L

Local invasive carcinoma
13%%/205 NS L

Total local recurrence Total local invasive

3 3244003 321 NS M 1%%%/1,798 0.55 (0.35; 0.87)

Total DCIS L

23242 321 NS L Total invasive

13%°/205 NS L 2 324490 3 321 0.57 (0.41;
0.80)- 1.28 (0.58; 2.81) L

Lumpectomy+Radiation+
Tamoxifen vs.
Lumpectomy+Radiation

Total invasive or DCIS

2 324,400/2'321

0.65 (0.52; 0.83)- 1.08
(0.60; 1.97)

Pooled NS L

Local DCIS or invasive
recurrence

13%%/1,804 0.72 (0.54; 0.96)
L

Local DCIS or invasive
carcinoma

13%%205 NS L

Local invasive carcinoma
13%%/205 NS L

Regional nodes
recurrence
1%91,799 NS L

All

1 %%/ 1,798 0.56 (0.34;
0.90) L

DCIS

13%41,798 0.33 (0.12;
0.91) L

Invasive

131,798 NS L
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Table 34. Summary evidence map: Patient outcomes across treatments (continued)

Local DCIS Invasive Local DCIS or Invasive BC Metastasis Contralateral Disease
Treatment Studies/Women Studies/Women Studies/Women Studies/Women Studies/Women
Effect Effect Effect Effect Effect
Evidence Evidence Evidence Evidence Evidence
Lumpectomy+Tamoxifen Total local recurrence Total local invasive Total invasive or DCIS All
or Lumpectomy+ 149 1,576 NS L 141,576 NS L 1 %°/1,576 0.82 (0.65; 1.03) 1% 1,576 NS L
Radiation+Tamoxifen vs. Total DCIS Total invasive L Invasive

Lumpectomy or 1%/ 1,576 0.68 (0.49; 0.94) 1°°/1,576 NS L
Lumpectomy+Radiation L

Local DCIS or invasive
recurrence

1 %°/1,694 0.88 (0.69; 1.13)
L

14991 576 NS L

Treatment Combinations

Lumpectomy+Radiation+ 1 *°/205 NS L
Tamoxifen vs.
Lumpectomy

Local DCIS or invasive
carcinoma

13%%205 NS L

Local invasive carcinoma
131205 NS L

Lumpectomy+Radiation 1 **°/205 NS L
vS. Lumpectomy+

Tamoxifen

Local DCIS or invasive
carcinoma

13%%205 NS L

Local invasive carcinoma
139205 NS L

13716 NS L

Bold-significant at 95% ClI; italic-data from RCTs; * the same source of the data
Level of evidence: L = low; M = moderate; H = high



Table 35. Summary evidence map: All cancer events, overall and breast cancer mortality, and adverse events

across treatments

Breast Cancer
Mortality
Studies/Women
Effect
Evidence

Treatment

Overall Mortality
Studies/Women
Effect
Evidence

All Events
Studies/Women
Effect
Evidence

Effect of Radiation

Lumpectomy+Radiation+ 1 °°%/1,804 NS L
Tamoxifen vs. Lumpectomy

+Radiation

131804 NS L

131,798 0.76
(0.63; 0.91) L

Lumpectomy+Radiation 4 7333328314 678 NS
vs. Lumpectomy

H
1706 NS L

4 D5IBEIAETL g8
NS H

2 323,324/1823
0.71(0.62;0.82)0%M

1 °'°/1,103 0.20 (0.04;
0.88) L

Lumpectomy+Radiation or
Lumpectomy+Radiation+
Tamoxifen vs.
Lumpectomy or
Lumpectomy+Tamoxifen

Effects of Multiple Treatments

Lumpectomy+Radiation+
Tamoxifen vs.
Lumpectomy

Lumpectomy+Radiation
vs. Lumpectomy+
Tamoxifen

17%°/3,409 0.32
(0.24; 0.44) L

Bold-significant at 95% ClI; italic-data from RCTs; * the same source of the data

Level of evidence: L = low; M = moderate; H = high
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Chapter 4. Discussion

Summary and Discussion

Question 1

In the United States the incidence of DCIS has risen from 5.8 per 100,000 women in 1975 to
32 per 100,000 in 2005. The incidence of DCIS increased in all age categories with the greatest
rise among those older than 50 years of age. Age adjusted DCIS incidence rates increased 7.2-
fold from 1980 to 2001. While other countries, including Sweden and the Netherlands, have also
observed increases in DCIS in recent years, no country has experienced as steep an increase in
DCIS as the United States. Yet, examining DCIS incidence alone takes the condition out of
context. Over this same period, incidence of invasive breast cancer has also increased
dramatically from 105.1 per 100,000 women in 1975 to 123.7 per 100,000 in 2005. The
incidence of invasive breast cancer has also increased in all age categories, and the greatest
increase has been in women over the age of 50. Thus, separating increases in the incidence of
DCIS from increases in breast cancer incidence is not easily achieved.

Incidence of DCIS peaks around age 65-69 and declines after that. Prior to age 40 DCIS is a
rare condition that accounts for less than 10 percent of all breast cancers.

The increase in DCIS has not been uniform across histologic types. Comedo histology is
associated with a particularly high risk of recurrence but has been more stable over recent years
than noncomedo histology. Low-grade DCIS, generally considered to be less likely to recur or
develop into invasive breast cancer, accounts for the majority of the recent increase in the United
States. Similar trends for invasive breast cancer have also been reported; the greatest increases in
incidence of invasive breast cancer have been observed for ‘low risk’ versus ‘high risk’ cancers.
This pattern has been interpreted by some as an indication that breast cancer is over diagnosed,
but it is possible that it reflects the natural history of the transition from DCIS to invasive cancer
and the varying amount of time that transition takes.

While not well studied, several demographic risk factors are associated with DCIS incidence;
with few exceptions, they are also risk factors for invasive breast cancer. Older age, less
education, white (versus African American) race, and urban residence were demographic factors
associated with DCIS incidence.

Breast density was one of the strongest risk factors for both DCIS and invasive breast cancer
with a 364 percent increase in incident DCIS among those with the highest breast density
according to pooled analyses of 11 studies.**® Physically active women had a 34-47 percent
reduction in adjusted odds of DCIS.

HRT is an example of a risk factor that differs importantly between invasive breast cancer
and DCIS. Randomized trials of HRT (such as the Women’s Health Initiative) have not
commented on whether they observed any differences in DCIS between treated and untreated
groups. The exact effect, however, is difficult to evaluate since they have not explicitly reported
that there were no differences. Other studies have found no effect of HRT use on DCIS incidence
or have found inconsistent effects of HRT use, depending on years of use.

Few risk factors for invasive breast cancer (including tobacco, dietary factors, and BMI) have
been carefully examined for DCIS. As these are somewhat weaker risk factors for breast cancer,
the value of fully evaluating their role for DCIS is not clear.

Appendixes and evidence tables cited in this report are available at http://www.ahrg.gov//clinic/epcix.htm
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Many investigators point to increased use of mammography as the likely explanation for the
increased incidence in DCIS, but the increased incidence cannot be entirely explained by an
increase in screening. Randomized studies of mammaography point to small increases in DCIS
and greater increases in invasive cancer detection. These increases are offset by important
declines in breast cancer mortality. Supporting the conclusion that the increases in DCIS and
invasive breast cancer are not due to screening alone are observations related to changes in
incidence rates. Cumulative incidence of DCIS per 1,000 mammograms increased from 0.9 in
January 1997 to 1.7 in December 2003, whereas the incidence of DCIS per 100,000 women
increased seven-fold.

A number of factors may protect against DCIS incidence, typically due to their association
with decreased invasive breast cancer incidence. For example, higher intake of green tea was
associated with a small inconsistently lower risk of breast cancer across the studies*®* and
recurrence in early stage (1 and I1) cancers.*® Higher intake of soy foods was associated with a
modest, inconsistent decrease in breast cancer across studies.*®**°” Understanding whether these
measures also prevent DCIS could improve understanding of the biology of DCIS and aid efforts
to prevent invasive and noninvasive breast cancer.

Pharmacological prevention of DCIS with tamoxifen and raloxifene shows significant
promise for the prevention of DCIS*® and is the subject of ongoing investigation. Particular
attention should be paid to the differential effects of the two drugs on preventing DCIS and
invasive breast cancer.

Question 2

There is generally strong evidence that post-diagnostic MRI can alter with treatment
planning. Compared with mammography, MRI is more sensitive for detecting multifocal and
contralateral cancer and for estimating tumor size. Given the growth pattern of DCIS, accurate
histological determination of size and extent can be difficult. Moreover, limitations inherent in
tissue processing make tumor measurement difficult. Finally, determining DCIS size is typically
limited by the difficulty in reconstructing the 3-diminsional extent using 2-dimensional
pathology slides. As a result, pathological examination can overestimate and underestimate
tumor sizes depending on the plane of section. Some authors have argued that MRI
measurements may be more accurate than those in the pathology laboratory. However, others
have argued that breast MRI leads to more unnecessary biopsies and potentially more
mastectomies.

Since about 15 percent of patients with DCIS identified on core needle biopsy are diagnosed
with invasive breast cancer after BCS or mastectomy, the feasibility and accuracy of SLNB after
excision is relevant to decisions regarding surgical management of women with biopsy-
diagnosed DCIS. Given the current use of needle biopsy, rather than excisional biopsy, it seems
reasonable to treat DCIS as possible invasive cancer and follow the rules for SLNB. Results from
studies evaluating the accuracy of SLNB after excision are not consistent. An analysis from the
National Surgical Adjuvant Breast and Bowel Project (NSABP) B-32, Krag et al. reported that
the SLN biopsy false negative rate was significantly increased after excisional biopsy compared
with core needle biopsy or fine needle aspiration (needle biopsy, 8.1 percent; excisional biopsy,
15.3 percent).* Other studies have not demonstrated differences in the accuracy of SLN after
excision.
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The overall incidence of SLN metastases among women with initially diagnosed with DCIS
is unknown, but one study reported the overall incidence of SLN metastases to be as high as 9
percent. The incidence of SLN metastases was highest for women whose final diagnosis was
invasive breast cancer, followed by patients with final diagnoses of DCISM and very slight for
women whose final diagnosis was DCIS.

Question 3

The risk factors for poorer DCIS outcomes are different from risk factors for DCIS incidence
but closely match risk factors for poorer invasive cancer outcomes. Estimates of the impact of
these characteristics on survival shows a surprising lack of depth and, with few exceptions, is
limited to studies of recurrence. This is likely due to the low incidence of outcomes other than
invasive recurrence, even after 10 years. Younger age at diagnosis is a consistent adverse
prognostic factor for DCIS outcomes. Women over age 40 or 50 consistently have reduced risk
of DCIS or invasive recurrence than younger women. Surprisingly few studies report racial
differences in DCIS outcomes.

SEER-based studies report higher all-cause mortality among African American women than
white women diagnosed with DCIS and higher breast cancer mortality for African American
women than white women. Studies of racial differences in DCIS recurrence point to a somewhat
complex story. When adjusting for demographic factors alone, African American women are
more likely than white women to experience a recurrence. However, the studies that adjust for a
more detailed set of tumor factors find no difference between racial groups. This suggests that
there may be differences in the tumors between African American and white women. This
finding needs to be further explored. Studies of Asian and Hispanic women with DCIS point to
their experience being similar to those of white women. In some cases, these women have
superior outcomes relative to white and African American women. There is only one study
reporting outcomes after DCIS diagnosis for Native American women and that study included
only 82 subjects. Further work is needed to examine the outcomes of DCIS in this population.

Positive surgical margins are consistently associated with increased DCIS and invasive breast
cancer recurrence. In general, larger tumors were associated with higher rates of local DCIS and
invasive recurrence than smaller tumors. While labeled somewhat inconsistently, tumors
assigned a higher pathological or nuclear grade (3) have consistently higher probability of local
DCIS or invasive recurrence than those at intermediate or low grade (2 or 1). Comedo necrosis, a
factor unique to DCIS, is strongly and consistently associated with poorer outcomes and
increased risk of DCIS or invasive recurrence. In multiple reports from the same institution using
a moderate sized cohort, the lack of calcification was strongly associated with DCIS or invasive
carcinoma recurrence.

Few of the important markers of tumor aggressiveness in invasive breast cancer are well
studied in DCIS. ER positivity has been reported to be linked with a decreased risk of recurrence
in several small studies. The rate of ER testing, however, is quite low (20 percent). Ongoing
trials of tamoxifen and aromatase inhibitors may contribute to more routine testing of ER status
in the future.

DCIS is rarely tested for Her2 positivity, but, nonetheless has been linked to increased risk of
recurrence in several small studies. The promise of treating Her2 positive tumors with
trastuzumab is being studied in ongoing trials and points to the possibility that Her2 evaluation in
women with DCIS might become more common.
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Question 4

Whole breast radiation therapy following BCS is associated with a reduction of local DCIS
or invasive carcinoma recurrence but has no impact on breast cancer mortality or total mortality.
Both randomized and observational studies consistently reported a statistically significant
decrease in local DCIS or invasive carcinoma associated with receiving whole breast RT after
BCS. For example, the investigators from NSABP-17 reported that whole breast radiation
therapy following breast conserving surgery was associated with a reduction of local DCIS or
invasive carcinoma recurrence but no impact on breast cancer mortality or total mortality. While
statistically significant, the actual population impact of the additional treatment is small—
approximately 114 recurrences per 1,000 women treated would be avoided over 10 years through
use of radiation. No trial has found a reduction in breast cancer or all cause mortality associated
with the use of RT following BCS. RT did not eliminate the impact of adverse prognostic factors
such as involved margins and tumor size.

While not studied in a randomized fashion, several observational studies comparing
outcomes between mastectomy and BCS or BCS+RT found women undergoing mastectomy
were less likely than women undergoing lumpectomy plus radiation to experience local DCIS or
invasive recurrence. Women undergoing BCS alone were also more likely to experience a local
recurrence than women treated with mastectomy. We found no study showing a mortality
reduction associated with mastectomy over BCS with or without radiation. This lack of benefit is
particularly striking since clinically larger, multicentric and more problematic tumors will be
more likely to be treated with mastectomy than BCS with or without radiation.

Investigators from the NSABP-24 trial assessed the value of tamoxifen following BCS + RT
for patients with DCIS and found that it reduces risk of recurrent DCIS or invasive carcinoma.
The trial found that tamoxifen was associated with a 50 percent reduction in invasive ipsilateral
and contralateral disease but had no impact on all-cause mortality. Adverse events were
consistent with tamoxifen’s usual profile.

Clinical issues that are the subject of ongoing investigations are the value of aromatase
inhibitors for preventing local DCIS or invasive recurrence or contralateral disease. Finally, trials
are examining whether trastuzumab (herceptin) is effective in treating DCIS that is Her2
positive. These trials would assess the potential benefit for the 26 percent of women whose
tumors are positive for this adverse prognostic indicator.

Ongoing trials are examining whether APBI is equivalent to whole breast irradiation for
treating DCIS. There are three accelerated radiation protocols, all of which re