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Structured Abstract

Background: In 2009, the U.S. Preventive Services Task Force (USPSTF) recommended
biennial screening mammography for women age 50 to 74 years, and based decisions for earlier
screening on individual patient context and values. Evidence was insufficient to recommend
screening beyond age 75.

Purpose: To systematically update the 2009 USPSTF review on screening for breast cancer in
average risk women age 40 years and older.

Data Sources: The Cochrane Central Register of Controlled Trials and Cochrane Database of
Systematic Reviews (through December 2014), Ovid MEDLINE (through December 2014), and
reference lists were searched for relevant studies. Additional data were obtained from
investigators of randomized trials and from the Breast Cancer Surveillance Consortium.

Study Selection: Randomized controlled trials and observational studies of breast cancer
screening in asymptomatic women age 40 and older reporting breast cancer mortality, all-cause
mortality, advanced breast cancer, treatment morbidity, and the harms of screening.

Data Extraction: One investigator abstracted data and a second investigator confirmed
accuracy. Investigators independently dual-rated study quality and applicability using established
criteria. Discrepancies were resolved through a consensus process.

Data Synthesis: A meta-analysis of screening trials with updated data from the Canadian
(CNBSS-1 and CNBSS-2), Swedish Two-County Study, and Age trials indicated breast cancer
mortality reductions for age 39 to 49 years (relative risk [RR] 0.88; 95% confidence interval
[CI], 0.73 to 1.003; 9 trials; 4 deaths prevented/10,000 over 10 years); 50 to 59 years (RR 0.86
[95% CI, 0.68 to 0.97]; 7 trials; 8/10,000); 60 to 69 years (RR 0.67 [95% CI, 0.54 to 0.83];
21/10,000); and 70 to 74 years (RR 0.80 [95% CI, 0.51 to 1.28]; 3 trials; 13/10,000). Risk
reduction was 25 to 31 percent for women age 50 to 69 years across several observational
studies, with similar reductions for women age 40 to 49 in two studies. Trials indicated no
statistically significant reductions in all-cause mortality with screening. Risk for higher-stage
breast cancer was reduced for age 50 years and older (RR 0.62 [95% CI, 0.46 to 0.83]; 3 trials),
but not for age 39 to 49 years (RR 0.98 [95% CI, 0.74 to 1.37]; 4 trials). The majority of cases
from screening were ductal carcinoma in situ and early stage, and screening resulted in more
mastectomies (RR 1.20 [95% CI, 1.11 to 1.30]; 5 trials) and radiation (RR 1.32 [95% CI, 1.16 to
1.50]; 2 trials).

Younger women and those with risk factors had more false-positive results and
recommendations for additional imaging and biopsies. Cumulative rates for false-positive
mammography results over 10 years were 61 percent for annual and 42 percent for biennial
screening; rates for biopsy were 7 to 9 percent for annual and 5 to 6 percent for biennial
screening. Estimates of overdiagnosis ranged from 11 to 22 percent in trials; and 1 to 10 percent
in observational studies. Some women with false-positive results or pain experienced distress
and were less likely to return for their next mammogram. Tomosynthesis with mammography
reduced recalls (16/1000), but increased biopsies (1.3/1000) and cancer detection (1.2/1,000).
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The number of deaths due to radiation induced cancer from screening with digital mammography
was estimated through modeling as between 2 to 11 per 100,000 depending on age at onset and
screening intervals.

Limitations: Limited to English-language articles; the number, quality, and applicability of
studies varied widely. Trials of mammography screening reflect imaging technologies and cancer
treatment therapies that are not currently in use. Studies are lacking on screening effectiveness
based on risk factors, intervals, and modalities; and on screening modalities relevant to women
who are not high-risk.

Conclusions: Breast cancer mortality is reduced with mammography screening, although
estimates are of borderline statistical significance, the magnitudes of effect are small for younger
ages, and results vary depending on how cases were accrued in trials. Higher stage tumors are
also reduced with screening for age 50 years and older. False-positive results are common in all
age groups, and are higher for younger women and those with risk factors. Approximately 11 to
22 percent of cases may be overdiagnosed. Observational studies indicate that tomosynthesis
with mammography reduces recalls, but increases biopsies and cancer detection. Mammography
screening at any age is a tradeoff of a continuum of benefits and harms.
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Chapter 1. Introduction

Purpose and Previous U.S. Preventive Services Task Force
Recommendation

This report will be used by the U.S. Preventive Services Task Force (USPSTF) to update their
2009 recommendation on screening for breast cancer.' In 2009, the USPSTF recommended
biennial screening mammography for women ages 50 to 74 years (B recommendation). They
determined that the decision to start regular, biennial screening mammography before the age of
50 years should be an individual one and take patient context into account, including the patient's
values regarding specific benefits and harms (C recommendation). The USPSTF concluded that
evidence was insufficient to assess the additional benefits and harms of screening mammography
in women age 75 years or older (I Statement).

The USPSTF also recommended against teaching breast self-examination (BSE) as a cancer
screening strategy (D recommendation), and concluded that evidence was insufficient to assess
the additional benefits and harms of clinical breast examination (CBE) beyond screening
mammography in women age 40 years or older (I Statement). The USPSTF concluded that the
evidence was insufficient to assess the additional benefits and harms of either digital
mammography or magnetic resonance imaging (MRI) instead of film mammography as
screening modalities for breast cancer (I Statement).

This report updates evidence on the effectiveness of mammography in decreasing breast cancer
mortality, all-cause mortality, and advanced breast cancer among women who are not at high risk
for breast cancer; harms of screening; and how effectiveness and harms vary by age, risk factors,
screening intervals, and screening modalities. This report includes studies relevant to current
medical practice in the United States and highlights gaps as well as strengths in evidence.
Additional reviews and analyses for the USPSTF are provided in separate reports including
systematic reviews of the performance characteristics of screening methods and the accuracy of
breast density determination and use of supplemental screening technologies, and a model of
radiation exposure.

Condition Definition

Breast cancer is a proliferation of malignant cells that arises in the breast tissue, specifically in
the terminal ductal-lobular unit, and represents a continuum of disease ranging from noninvasive
to invasive carcinoma.> Noninvasive carcinoma, or an in situ lesion, does not invade the
surrounding stroma and does not metastasize. Noninvasive lesions are confined to either the duct
(ductal carcinoma in situ [DCIS]),3 or to the lobule (lobular carcinoma in situ [LCIS], now
categorized as lobular intraepithelial neoplasia [LIN]).> LCIS is considered a marker for
increased risk of invasive ductal or lobular breast cancer,4 while some forms of DCIS are
considered precursor lesions for invasive ductal carcinoma. DCIS is heterogeneous and has
varying clinical behavior and pathologic characteristics.’
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Unlike noninvasive lesions, invasive breast cancer invades the basement membrane into the
adjacent stroma, and therefore, has metastatic potential. The most common sites of metastasis
include adjacent lymph nodes, lung, liver, and bone.” Approximately 70 to 80 percent of invasive
breast cancer cases are invasive or infiltrating ductal carcinoma and approximately 10 percent
are invasive lobular carcinoma.? Other less common histologic subtypes of invasive breast
cancer include apocrine, medullary, metaplastic, mucinous, papillary, and tubular.”

Prevalence and Burden of Disease

Breast cancer is the second most common cancer in women in the United States after non-
melanoma skin cancer, and is the second leading cause of cancer death after lung cancer.®” In
2015, an estimated 231,840 women in the United States will be diagnosed with breast cancer and
40,290 will die, representing 14 percent of all new cancer cases and 6.8 percent of all cancer
deaths.® Incidence rates have been stable over the last 10 years and death rates have been falling
approximately 1.9 percent each year between 2002 and 2011. According to lifetime risk
estimates for the general population, 12.3 percent of women will develop breast cancer during
their lives, and 2.8 percent will die from the disease.’ The overall 5-year relative survival rate for
breast cancer in 2006 was 90.6 percent, and an estimated 2,899,726 women were living with
breast cancer in the United States in 2011.°

Etiology and Natural History

Current research on the etiology of breast cancer focuses on clarifying the role of both inherited
and acquired mutations in oncogenes and tumor suppressor genes and the consequences these
mutations may have on the cell cycle, as well as investigating various prognostic biological
markers. The contribution of external influences, such as environmental exposures, have on
regulatory genes is unclear. Currently, no single environmental or dietary exposure has been
found to cause a specific genetic mutation that causes breast cancer. Exposure to both
endogenous and exogenous estrogen is important in tumorigenesis and growth. Other potential
causes of breast cancer include inflammation and virally mediated carcinogenesis. '

Whether DCIS is a precursor lesion or a marker of risk is uncertain. With the widespread use of
screening mammography in the United States, nearly 90 percent of DCIS cases are now
diagnosed only on imaging studies, most commonly by the presence of microcalcifications.
These represent approximately 23 percent of all breast cancer cases.'' Although DCIS is the
most common type of noninvasive breast cancer, its natural history is poorly understood. Older
studies of palpable DCIS lesions indicated that 14 to 53 percent of untreated DCIS progressed to
invasive cancer over 8 to 22 years.'>"* The rate of progression of mammography detected DCIS
is not known. Characteristics associated with subsequent invasive breast cancer include young
age, black race, indication for biopsy, tumor characteristics such as high nuclear grade, comedo-
type necrosis, tumor size;" and high breast density. e
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Risk Factors

Although many risk factors have been associated with breast cancer in epidemiologic studies,
most relationships are weak or inconsistent.'” Most women who develop breast cancer have no
identifiable risk factors beyond sex and age. However, a small number of clinically significant
risk factors are associated with high risks for breast cancer and can be used to identify women
who may be eligible for screening outside routine screening recommendations. These include
women with BRCAL or BRCA2 mutations and their untested first-degree relatives,'® and other
hereditary genetic syndromes associated with more than a 15 percent lifetime risk, including Li-
Fraumeni syndrome, Cowden syndrome, or hereditary diffuse gastric cancer.'” Previously
diagnosed high-risk breast lesions, including LCIS, atypical ductal hyperplasia (ADH), atypical
lobular hyperplasia (ALH), flat epithelial atypia, papillary atypia, and apocrine atypia
significantly increase risk for breast cancer.”’ Estimated 10-year breast cancer risks associated
with breast lesions include 17.3 percent with ADH, 20.7 percent with ALH, 23.7 percent with
LCIS, and 26.0 percent with severe ADH.?* Also, women with a history of high-dose radiation
therapy to the chest between the ages of 10 to 30 years, such as for treatment of Hodgkin
lymphoma, are also considered at high risk."

Family history of breast cancer, particularly among first-degree relatives, is also an important
risk factor. Approximately 5 to 10 percent of women with breast cancer have a mother or sister
with breast cancer, and up to 20 percent have either a first-degree or a second-degree relative
with breast cancer.”'** The degree of risk associated with family history varies according to
familial patterns of disease. Estimates of lifetime risk of breast cancer determined by kindred
analysis of over 15 or 20 percent are considered high.

Additional factors that increase risk to lower degrees than described above include older age;
current use of menopausal hormone therapy using combined estrogen and progestin regimens;”®
current use of oral contraceptives;'’ nulliparity;'’ high body mass index (BMI) for
postmenopausal women only;>” and higher breast density.” Breast density is a radiographic
measure of breast tissue that is associated with increased risk for breast cancer and reduced
mammography sensitivity. Breast density is currently described by four categories: almost
entirely fat, scattered fibroglandular densities, heterogeneously dense, and extremely dense.”’
Approximately 40 percent of women have heterogeneously dense breasts and 10 percent have
extremely dense breasts. Increased breast density is more common among younger women.”*
Compared with women with scattered fibroglandular densities, hazard ratios for breast cancer are
1.6 for premenopausal women with heterogeneously dense breasts and 2.0 for those with
extremely dense breasts.*®

Empiric models that incorporate several of these risk factors have been developed to predict
breast cancer risk for individual women.*' All of the models include age and number of first-
degree relatives with breast cancer into their calculations, but vary in their complexity. Studies of
their diagnostic accuracy indicate that the models are poor predictors of an individual’s risk.*! It
remains unclear how to apply these models to selecting candidates for breast cancer screening.
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Rationale for Screening and Screening Strategies

Breast cancer has a known asymptomatic phase that can be identified with mammography and
could be more effectively treated in early stages than when clinical signs and symptoms present.
While screening may not reduce mortality for some aggressive cancer types,”- and has less
impact on slowly progressive types,”>~ survival may be improved for other types of cancer
when they are identified at localized stages.

Interventions and Treatment

Current treatment for breast cancer in the United States involves a combination of therapies
including surgery, radiation, hormonal therapy, and chemotherapy based on stage (0 to IV) and
status of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2).?® Clinical staging using the American Joint Committee on Cancer (AJCC)
TNM system guides treatment and informs prognosis (Table 1).* In this system, stage grouping
is based on tumor size (T), lymph node involvement (L), and presence of metastasis (M). Main
categories are expressed as DCIS (stage 0), localized (Stage I, IIA, 1IB, or T3, N1, MO0), locally
advanced or regional (Stage III), and metastatic disease (Stage IV). Survival varies by stage, and
the 5-year relative survival rates for breast cancer in the United States are 99 percent with
localized, 84 percent with regional, and 23 percent with metastatic disease.’

Treatment regimens are highly individualized according to each patient’s clinical status and
preferences (Table 2). In addition, many patients are recruited to clinical trials of new regimens.
Surgical therapies for DCIS and localized and regional invasive cancer include lumpectomy or
total mastectomy with or without reconstruction. Surgery also involves sentinel lymph node
biopsy for selected cases of DCIS, axillary node staging for localized disease, and axillary node
dissection for regional disease. Surgical therapy is performed in only selected cases of metastatic
disease. Radiation therapy generally follows surgery. Whole breast radiation may be added to
lumpectomy for DCIS, localized, and regional disease. Radiation to the lymph nodes and chest
wall, if involved, may be indicated for localized and regional disease.

Endocrine treatment is recommended for ER-positive patients at all stages. Usual regimens
include 5 years of tamoxifen for DCIS, 10 years of extended adjuvant hormonal therapy
(tamoxifen with or without aromatase inhibitors) for localized and regional disease, and
additional regimens for metastatic disease.””’ Premenopausal ER-positive patients with
metastatic disease may also consider ovarian ablation or suppression.

Systemic neoadjuvant/adjuvant chemotherapy for invasive cancer is determined by ER, PR, and
HER? status, and predictive tests for chemotherapy benefit.**** Chemotherapy is given after
surgery for localized disease. Patients with regional disease generally receive chemotherapy
before or after breast surgery and incorporate one year of trastuzumab (Herceptin).
Chemotherapy for metastatic disease involves more complicated regimens depending on receptor
status, tumor biology, and initial responses.*>~**’
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Current Clinical Practice

Mammography screening in the United States is generally opportunistic, unlike the many
screening programs organized as public health services in other countries. Mammography is
provided by radiology units of hospitals and outpatient facilities as well as by stand-alone
imaging centers. Services range from imaging alone to comprehensive services that may be
integrated within breast centers. As such, there is considerable variation in current clinical
practice depending on the patient population, provider practice, community, and institutional
policy, although national accreditation and professional groups define practice standards and
quality benchmarks to assure consistency of care.

While there is general consensus that mammography screening is beneficial for many women,
conflicting screening recommendations have led to practice variability. Issues lacking consensus
include the optimal ages to begin and end routine screening; optimal screening intervals;
defining and balancing the benefits of screening with potential harms; appropriate use of various
imaging modalities including supplemental technologies; values and preferences of women
regarding screening; and how all of these considerations vary depending on a woman'’s risk for
breast cancer.

Despite variation in clinical practices and guidelines, rates of screening mammography in the
United States are generally high and have remained relatively stable for the past decade.*'** Data
from the HEDIS® Health Plan measure set indicate that mammography screening between 2009
and 2011 was performed by 71 percent of eligible women covered by commercial plans, 69
percent for Medicare plans, and 51 percent for Medicaid plans.*’ The Patient Protection and
Affordable Care Act mandates insurance coverage for annual screening mammography
beginning at age 40 years with no co-pay or deductible charges. However, this coverage applies
to only the annual screening mammogram, and subsequent related services are not similarly
covered.

Breast cancer screening for women without risk factors indicating high risk is conducted using
periodic mammography (Figure 1). Digital mammography has generally replaced film in the
United States, and newer technologies, such as digital tomosynthesis, are rapidly disseminating.
Imaging modalities are further described in Table 3. In general, approximately 90 percent of
women in a screening round have normal mammography results and are advised to return in 1 or
2 years, while 10 percent are recalled for additional imaging to visualize areas of concern
identified on the screening mammogram.** Additional imaging may involve special
mammographic views, ultrasound, MRI, or tomosynthesis. Approximately 10 percent of women
having additional imaging are identified with suspicious breast lesions requiring biopsies.**

Additional imaging after screening mammography has traditionally been reserved to further
visualize incompletely evaluated breast lesions. However, in response to public concerns about
breast density, 21 states have passed breast density notification legislation requiring that reports
of patients’ breast density be provided to them with their mammography results.* Most laws
encourage patients to have a discussion of additional screening options with their primary
physicians and some mandate insurance coverage for supplemental imaging, including screening
MRI, ultrasound, and tomosynthesis. Descriptive studies of supplemental imaging for patients
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with dense breasts, in addition to other risk factors in some studies, suggest increased rates of
cancer detection, but also increased false-positive results with MRI and ultrasound.*®"
3 Randomized trials of the effectiveness of supplemental imaging have not been reported.”’

Screening MRI is recommended for certain high-risk groups, including women with BRCA1 or
BRCAZ2 mutations and their untested first-degree relatives, women with greater than 20 percent
lifetime risk of developing breast cancer as defined by risk prediction models, and women who
have received high-dose radiation therapy to the chest between the ages of 10 and 30 years.”
Use of MRI for screening women who are not at high risk for breast cancer is not
recommended,” and experts suggest that MRI should not be performed in settings where the
capacity for MR-guided biopsy does not exist. Currently, there are no studies investigating MRI
use in women who are not at high risk, and none showing decreased mortality with MRI
screening for women at any risk level.

If tissue sampling is recommended, a biopsy is performed (Figure 2). The type of biopsy is
based on the characteristics of the lesion as well as patient and physician preferences. Current
biopsy techniques include fine-needle aspiration (FNA), stereotactic core biopsy (for
nonpalpable, mammographic lesions), ultrasound-guided or MRI-guided core biopsy, non-
image-guided core biopsy (for palpable lesions), incisional biopsy, or excisional biopsy. These
techniques vary in the level of invasiveness and amount of tissue acquired, impacting their yield
and patient experience. Although more invasive than FNA, core biopsies, as well as incisional
and excisional biopsies, offer the pathologist a sample with intact cellular architecture, and
thereby allow additional pathologic examination of the breast tissue. Testing includes
examination of cellular receptors (e.g., ER/PR, HER2/neu receptor), as well as identification of
tumor type and grade.”*** Ultrasound of the ipsilateral axilla has become a common practice
when malignancy is suspected on imaging, and can help guide FNA or core biopsy of abnormal
axillary lymph nodes. This additional information contributes to appropriate treatment planning
for a patient who is newly diagnosed with breast cancer, and often allows for definitive surgery
to be completed with a single-stage procedure.>

Recommendations of Other Groups

The American Cancer Society recommends yearly mammograms starting at age 40 and
continuing for as long as the woman is in good health. BSEs are optional for women beginning
in their 20s, while CBEs are recommended about every 3 years for women in their 20s and 30s.’®

The American Academy of Family Physicians (AAFP) recommends the decision to conduct
screening mammography prior to age 50 should be individualized and take into consideration the
patient’s context and risk factors. For women between ages 50 and 74, the AAFP recommends
biennial screening in addition to recommending against clinicians teaching women BSE.”’

The American Congress of Obstetrics and Gynecologists (ACOG) recommends that
mammography screening be offered annually to women beginning at age 40. ACOG
recommends annual CBE for women ages 40 and older, and every 1 to 3 years for women ages
20 to 39. ACOG also endorses educating women ages 20 and older regarding breast self-
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The American College of Radiology (ACR) recommends annual screening mammography for
asymptomatic women 40 years of age and older.” The decision as to when to stop routine
mammography screening should be made on an individual basis by each woman and her
physician based on a woman’s overall health.

The National Comprehensive Cancer Network (NCCN) recommends annual screening

mammography, clinical breast exam, and breast awareness for asymptomatic, average risk
women age 40 years and older.*’
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Chapter 2. Methods

Key Questions and Analytic Framework

Using the methods developed by the USPSTF,®"%? the USPSTF and the Agency for Healthcare
Research and Quality (AHRQ) determined the scope and key questions for this review.
Investigators created an analytic framework outlining the key questions and included patient
populations, interventions, and outcomes (Figure 3).

The target population for the USPSTF recommendation served as the focus of the systematic
review. This population includes women age 40 years and older and excludes women with
physical signs or symptoms of breast abnormalities and those at high-risk for breast cancer
whose surveillance and management are beyond the scope of the USPSTF’s recommendations
for prevention services. Women at high-risk are those with risk factors known to increase their
risks of breast cancer to levels that make them eligible for screening or followup services outside
of recommendations for women without these risk factors. Women at high-risk include those
with pre-existing breast cancer; BRCAL or BRCA2 mutations and their untested first-degree
relatives'® and other hereditary genetic syndromes associated with more than a 15 percent
lifetime risk of developing breast cancer (including Li-Fraumeni syndrome, Cowden syndrome,
or hereditary diffuse gastric cancer); " previously diagnosed high-risk breast lesions (DCIS,
LCIS, ADH, ALH); and high-dose radiation therapy to the chest between the ages of 10 and 30.
Women with lower risks for breast cancer are generally eligible for routine screening and are
relevant to the USPSTF’s recommendations.

Key Questions

1. What is the effectiveness of routine mammography screening in reducing breast cancer—
specific and all-cause mortality, and how does it differ by age, risk factors, and screening
intervals?

2. What is the effectiveness of routine mammography screening in reducing the incidence of
advanced breast cancer and treatment-related morbidity, and how does it differ by age, risk
factors, and screening intervals?

3. How does the effectiveness of routine breast cancer screening in reducing breast cancer—
specific and all-cause mortality vary by different screening modality?

4. How does the effectiveness of routine breast cancer screening in reducing the incidence of
advanced breast cancer and treatment-related morbidity vary by different screening
modality?

5. What are the harms of routine mammography screening, and how do they differ by age, risk
factors, and screening intervals?

6. How do the harms of routine breast cancer screening vary by different screening modality?

Risk factors considered in this review are common among women who are not at high-risk for

breast cancer as defined above. These include family history of breast cancer (not including
genetic syndromes described above), breast density, race/ethnicity, menopausal status, current
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use of menopausal hormone therapy or oral contraceptives, prior benign breast biopsy, and BMI
for women older than age 50 years.

Outcomes related to benefits included in this review are reduced breast cancer mortality, all-
cause mortality, advanced breast cancer, and morbidity related to breast cancer treatment. Other
outcomes, such as increased breast cancer awareness and peace of mind with screening, are not
included. Treatment-related morbidity includes physical adverse effects of treatment, quality of
life measures, and other measures of impairment. Screening modalities include mammography
(digital, tomosynthesis), MRI, ultrasound, and CBE (alone or in combination). Only breast
imaging technologies approved for screening by the U.S. Food and Drug Administration are
included in this review, consistent with the scope of the USPSTF.

Harms include false-positive and false-negative mammography results, false reassurance, anxiety
and worry, overdiagnosis and resulting overtreatment, and radiation exposure. Overdiagnosis
refers to women receiving a diagnosis of DCIS or invasive breast cancer who had abnormal
lesions that were unlikely to become clinically evident during their lifetimes in the absence of
screening. Overdiagnosis may have more effect on women with shorter life expectancies because
of age or comorbid conditions.

Contextual Questions

Three contextual questions were also requested by the USPSTF to provide additional background
information. Contextual questions are not reviewed using systematic review methodology but are
addressed using the strongest, most relevant evidence. These include the following.

1. What are the rates of specific adverse effects of current treatment regimens for invasive
breast cancer and DCIS in the United States?

2. What are the absolute incidence rates of DCIS and localized and advanced invasive breast
cancer in screened and nonscreened populations in the United States?

3. How do women weigh the harms and benefits of screening mammography and how do they
use this information in their decisions to undergo screening?

Search Strategies

In conjunction with the systematic review investigators, a research librarian searched the
Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, and
Ovid MEDLINE (all searches through December 2014) for relevant studies and systematic
reviews. Reference lists of articles were also reviewed. Search dates varied because some key
questions (Key Questions 1, 3, 5, 6) were included in the 2009 systematic review and required
only updates of studies published since the previous search in 2008. Other key questions were
not addressed by the previous review and required searches that covered longer time periods
(Key Questions 2 and 4, and cohort studies for Key Questions 1 and 3). These searches extended
to 1996 because this corresponds to the last time the USPSTF evaluated similar data, and
represents a period when practice was shifting to digital mammography in the United States. The
contextual questions have a shorter time period for searches because they require the most
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current data to be clinically relevant. Search strategies are available in Appendix Al.

In addition, unpublished data from the Breast Cancer Surveillance Consortium (BCSC) on
screening with digital mammography were evaluated. The BCSC is a collaborative network of
mammography registries with linkages to pathology databases and tumor registries across the
United States supported by the National Cancer Institute (NCI).**** These data draw from
community samples that are representative of the larger, national population and may be more
applicable to current practice in the United States than other published sources.

Also, unpublished updated data from the Canadian and Swedish Two-County randomized
controlled trials (RCTs) were obtained from the trial investigators.

Study Selection

At least two reviewers independently evaluated each study to determine inclusion eligibility.
Studies were selected on the basis of prespecified inclusion and exclusion criteria developed for
cach key question (Appendix A2). The selection of studies is summarized in a flow diagram
(Appendix A3). Appendix A4 lists excluded studies with reasons for exclusion.

Studies of women at high-risk for breast cancer as defined above or with previously diagnosed
breast cancer were not included. Studies most clinically relevant to practice in the United States
were selected over studies that were less relevant. Relevance was determined by practice setting,
population, date of publication, use of technologies and therapies in current practice, and other
factors. Also, studies of higher-quality and those with designs ranked higher in the study design-
based hierarchy of evidence, such as RCTs over observational studies, were emphasized because
they are less susceptible to bias.

To determine the effectiveness of screening, RCTs, observational studies of screening cohorts,
and systematic reviews of screening with mammography (film, digital, tomosynthesis) and other
modalities (MRI, ultrasound, CBE alone or in combination) were included. Valid comparisons
evaluated outcomes of groups of women exposed to screening versus nonscreening, not
comparisons of detection methods that do not capture a woman’s longitudinal screening
experience (e.g., rates of screen-detected vs. nonscreen-detected cancer).

Outcomes included breast cancer specific and all-cause mortality (Key Questions 1 and 3) and
advanced breast cancer and treatment-related morbidity (Key Questions 2 and 4). While
advanced breast cancer is classified as metastatic disease (Stage IV) by the AJCC TNM
system,® most screening studies defined advanced breast cancer at much lower thresholds,
including Stage IIA or higher, lymph node positive disease, or tumor size of 20 mm or larger.®
Studies providing outcomes specific to age, risk factors, screening intervals, and modalities were
preferred over studies providing general outcomes, when available. Risk factors conferring a
moderate, as opposed to high, level of risk were included as listed previously.'”%

The harms of screening were determined from several study designs and data sources. For
mammography, searches focused on recently published systematic reviews and meta-analyses of
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radiation exposure, pain during procedures, patient anxiety and other psychological responses,
consequences of false-positive and false-negative mammography results, and overdiagnosis.
Specific searches for primary studies published more recently than the included systematic
reviews and meta-analyses were also conducted.

Performance characteristics of screening methods (e.g., sensitivity, specificity, positive
predictive value); accuracy of breast density determination; use of supplemental screening
technologies; and a new model of radiation exposure are presented in separate reports. Studies of
cost-effectiveness of screening were not addressed in this update.

Data Abstraction and Quality Rating

Details of the study design, patient population, setting, screening method, interventions, analysis,
followup, and results were abstracted by one investigator and confirmed by a second. Two
investigators independently applied criteria developed by the USPSTF®"* to rate the quality of
each study as good, fair, or poor for studies designed as RCTs, cohort studies, case-control
studies, and systematic reviews (Appendix A5). USPSTF criteria to rate other study designs
included in this review are not available. Discrepancies were resolved through consensus. Only
data from RCTs rated fair- or good-quality were included in the meta-analyses.

Meta-Analysis of Mammography Screening Trials

Several meta-analyses were conducted to determine more precise summary estimates for the
effectiveness of breast cancer screening when adequate data were reported by trials. Clinical and
methodological diversity and statistical heterogeneity were considered to determine the
appropriateness of meta-analysis. All outcomes (breast cancer mortality, all-cause mortality, and
advanced cancer occurrence) were binary. A random-effects model was used to combine relative
risks (RRs) as the effect measure of the meta-analyses, while incorporating variation among
studies. A profile-likelihood model was used to combine studies in the primary analyses.®” The
presence of statistical heterogeneity among the studies was assessed by using the standard
Cochran’s chi-square test, and the magnitude of heterogeneity by using the I” statistic.®®

To account for clinical heterogeneity and obtain clinically meaningful estimates, the analyses
were stratified by age group (39 to 49 years, 50 to 59 years, 60 to 69 years, 70 to 74 years, or >75
years), whenever possible. Investigators of two recently published updates of trials provided
additional age-stratified data for the meta-analysis.**"® Two definitions were used to evaluate
advanced breast cancer outcomes (stage and tumor size).

For breast cancer mortality, two methods of including cases in estimates were used because each
offers advantages and disadvantages, and may provide additional insights to the interpretation of
results. The long case accrual method counts all of the breast cancer cases contributing to breast
cancer deaths. In this method, the case accrual time is equivalent to or close to the followup time.
The short case accrual method includes only deaths that occur among cases of breast cancer
diagnosed during the screening intervention period, and in some trials, within an additional
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defined case accrual period. These methods are further described in the results section.

To facilitate the interpretation of the combined RR for breast cancer mortality, the absolute rate
reduction for 100,000 women-years of followup (i.e., 10,000 women followed for 10 years) was
calculated for each age group based on the combined RR and the combined cancer rate of the
control group. The combined cancer rate of the control group was obtained using a random
effects Poisson model for each age group using data from the trials. All analyses were performed
using Stata/IC 13.1 (StataCorp, College Station, TX).

Analysis of BCSC Data

Background information and additional details about methods of the BCSC are described in
Appendix A6. Data were obtained from the BCSC Statistical Coordinating Center for 405,191
women ages 40 to 89 years who had routine screening with digital mammography during 2003 to
2011 at participating facilities at six BCSC breast imaging registries. Results were stratified by
age in decades to determine age-specific outcomes. Routine screening required at least one
mammography examination within the previous 2 years (defined as 30 months). For women with
several mammography examinations during this time period, one result was randomly selected to
be included in the calculations. These data comprise a defined subset of BCSC data intended to
represent the experience of a cohort of regularly screened women without histories of breast
cancer or current breast symptoms.

Screening mammography examinations were those designated as such by the radiologist or
radiology technologist performed more than 9 months after a previous imaging examination in
women without histories of breast cancer, breast augmentation, or mastectomies. This approach
eliminated the possibility that a woman’s first mammogram was included because first
mammograms are more likely to be read as false positives. Unilateral exams were also excluded.
Mammography information included Breast Imaging Reporting and Data System (BI-RADS)
breast density, assessment scores, and recommendations for further workup. In addition, prior to
each mammography examination, women completed questionnaires that included demographic
and medical history information, including previous mammography information.

Data include the numbers of positive and negative mammography results and, of these, the
numbers of normal screening and false-negative results based on followup data within 1 year of
mammography screening and before the next screening examination. Positive versus negative
initial and final results were defined according to standardized terminology and assessments of
the American College of Radiology BI-RADS 4™ edition atlas’' and BCSC standard
definitions.”* Each screening mammography examination was given an initial BI-RADS
assessment based on the screening views only. Positive initial results included four assessment
categories: needs additional imaging evaluation (category 0), probably benign (category 3) with
a recommendation for immediate work-up (these were treated as a category 0 based on the
recommendation), suspicious abnormality (category 4), or highly suggestive of malignancy
(category 5).” Negative results included assessments of negative (category 1) or benign findings
(category 2), or category 3 without a recommendation for immediate work-up.
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For women who had positive screening mammography results, data were evaluated on the
number of women receiving a recommendation for additional imaging, the number receiving a
recommendation for biopsy, and diagnoses including invasive breast cancer, DCIS, and no
cancer. Recommendation for biopsy was defined as a positive final result after all imaging
including work-up of an abnormal screening examination. Positive final results included BI-
RADS assessments of 4 or 5 or 0 with a recommendation for biopsy.” Negative final results
included an assessment of 1, 2, or 3 or 0 with a recommendation for normal or short-interval
followup or clinical exam.

From these data, age-specific rates (numbers per 1,000 women per screening round) of invasive
breast cancer, DCIS, false-positive and false-negative mammography results, recommendations
for additional imaging, and recommendations for biopsies were calculated.

Age groups were further divided into sub-categories to determine whether outcomes differed by
time since last mammography screening or risk factors. Two measures of time since last
mammography screening were evaluated to represent broad and narrow estimates of one versus
two years (9 to 18 versus 19 to 30 months; 11 to 14 versus 23 to 26 months).

Risk factors included those mostly commonly associated with breast cancer.'” These included
first-degree relatives with breast cancer (none, >1); breast density (almost entirely fat, scattered
fibroglandular densities, heterogeneously dense, extremely dense); benign breast biopsy (none,
previous); race/ethnicity (white, black, Asian, Hispanic, other); menopausal status (pre, peri,
postmenopausal); menopausal hormone therapy use (none, combination [estrogen with
progestin], estrogen only); oral contraceptive use (no current use, current use), and body mass
index (BMI) (<25, 25 to <30, >30 kg/m"). Since the BCSC data do not include information on
types of menopausal hormone therapy, the analysis assumes that a woman with a uterus uses
combination therapy, while a woman without a uterus uses estrogen-only therapy. The main
analysis analyzed three categories of breast density, combining almost entirely fat and scattered
fibroglandular densities into one group. As a sensitivity analysis, density was analyzed in three
additional ways: (1) three categories, combining heterogeneously dense and extremely dense into
one group; (2) four separate BI-RADS categories; and (3) two categories that combine almost
entirely fat and scattered fibroglandular densities into one group and heterogeneously dense and
extremely dense into another group.

From these data, age-specific rates (numbers per 1,000 women per screening round) of false-
positive and false-negative mammography results, recommendations for additional imaging, and
recommendations for biopsies were calculated and comparisons by age, time since last
mammography screening, and risk factors were determined. To account for correlation among
mammograms interpreted at the same radiology facility, robust standard errors from logistic
regression were estimated using generalized estimating equations with an independence working
correlation matrix. Differences between groups were assessed by 2-sided P-values with 95%
confidence intervals (CIs).
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Data Synthesis

The aggregate internal validity (quality) of the body of evidence for each key question was
assessed (""good," "fair," "poor") using methods developed by the USPSTF, based on the number,
quality and size of studies, consistency of results between studies, and directness of evidence.®'*

External Review

The draft report was reviewed by content experts from multiple disciplines, USPSTF members,
AHRQ Project Officers, and collaborative partners and revised prior to finalization (Appendix
AT7).

Response to Public Comment

A draft version of the evidence report was posted for public comment on the USPSTF website
from April 18 to May 18, 2015. Comments from 13 contributors were directly relevant to the
systematic review, while comments from other contributors were outside its scope, or concerned
the recommendation statement, CISNET model, or other evidence reports. Most comments
addressed four major issues detailed below, while additional comments suggested adding studies
that were either already included or were previously considered, but did not meet prespecified
inclusion criteria; or correcting minor errors that have since been corrected.

Inclusion of Observational Studies

The evidence report includes nearly 200 observational studies of breast cancer screening
including 83 studies of benefits. Results of studies of the effectiveness of screening in reducing
breast cancer mortality are reported for both observational studies and RCTs. For women age 50
to 69 years, the trials indicated statistically significant reductions in breast cancer mortality
ranging from 0.78 to 0.81 depending on whether short or long case accrual methods were used.
Observational studies indicated reductions of 0.69 to 0.75. For women age 40 to 49, few data
from observational studies were available because most European countries collecting these data
do not screen younger women. For women age 70 and older, data from both RCTs and
observational studies were not available.

RCTs are the least biased study design for determining efficacy/effectiveness, and provide a
stronger body of evidence than observational studies. When RCTs and studies of other designs
have similar results, such as breast cancer mortality reduction for women age 50 to 69 years, the
body of evidence is stronger. Observational studies are subject to important biases that limit their
use in determining effectiveness. Most importantly, they lack comparability of comparison
groups that is only attainable through randomization. Many observational studies that compare
characteristics of breast cancer diagnoses between screened and unscreened women provide
comparisons between screen-detected and nonscreened-detected cases. This approach
categorizes all cancer cases identified outside of a screening mammogram as nonscreen-detected,
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even though a woman may have had prior screening mammography.

In RCTs, intension-to-screen analysis is essential to determining efficacy/effectiveness, and is
comparable to intension-to-treat analysis for drug trials. Data from trials not using intension-to-
screen analysis, or from observational studies, provide outcomes for women who self-select
screening. While outcomes from women who self-select screening may be useful for planning
health care services, they do not provide valid measures of efficacy/effectiveness. This is a major
difference between how evidence-based guideline groups and some professional societies
interpret the research literature.

Inclusion of RCTs

The evidence review describes the RCTs of screening and their limitations in detail. No trials
met criteria for good quality (all RCTs in the meta-analysis were fair-quality; a poor-quality trial
was excluded).

The meta-analyses of RCTs for breast cancer mortality outcomes use two methods in order to
more precisely explain the results of the trials and provide a range of outcomes. There are
advantages and disadvantages to these methods, and these are described in the evidence review.
While both methods have been used for individual trials and for some of the Swedish trials
collectively, no other systematic reviews have taken this rigorous approach across all trials.
Results of some of the trials appear in both estimates because the trial investigators only
published short case accrual results. Rather than eliminate trials from the meta-analysis, the
“longest followup available” from each trial was included and those based on short case accrual
are clearly indicated (this was also the approach in the 2009 meta-analysis**).

Regarding outcomes related to advanced breast cancer, most of the diagnostic outcomes of the
trials were based on early stages of disease (Stage IIA or localized), not advanced. To address the
key question about prevention of advanced disease, the meta-analysis used the most advanced
disease categories available from the trials. These results indicated reduced risk with screening
for women age 50 and older. The connection between being diagnosed with advanced breast
cancer and dying is not a key question of this evidence review. This link is acknowledged in the
analytic framework.

Screening Intervals

None of the RCTs were designed to evaluate screening intervals. The observational data,
including studies from the BCSC, are based on women who self-select screening and adhere, or
not, to specific periods of time between screening. Comparisons between women who electively
screen annually versus biennially are inherently biased because these women differ in many
ways. Estimates from BCSC data are approximations that reflect opportunistic screening in a
fluctuating population of women whose information was collected by the participating registries.
The BCSC data need to be interpreted with these limitations in mind.
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Harms

The studies on overdiagnosis are described in detail in the evidence review and the general
conclusion is that they are too methodologically heterogeneous to provide reliable estimates.
Until a consensus definition with common metrics is determined, these estimates are uncertain.
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Chapter 3. Results

Overview of the RCTs of Screening

Eight main RCTs of mammography screening provide outcomes that address several key
questions for this review. Trials involving over 600,000 women have been conducted in the
United States, Canada, United Kingdom, and Sweden. These include the Health Insurance Plan
of Greater New York (HIP) trial,”* Canadian Breast Cancer Screening Study 1 (CNBSS-1),7>7°
Canadian Breast Cancer Screening Study 2 (CNBSS-2),””"® United Kingdom Age trial,” and
four from Sweden, including the Stockholm trial,*® Malmé Mammographic Screening Trial
(referred to separately as MMST I and MMST 1),% Gothenburg trial,* and Swedish Two-
County Study (referred to separately as Ostergotland and Kopparberg).® All of these trials met
criteria for fair quality and were included in this report. An additional trial, the Edinburgh
trial,*™ was not included in this review because of its inadequate randomization, introducing
high risk of bias and limiting any inferences.

Updates of three trials provided new data for this report,”"**® although only the Canadian and
Age trials provided published results that were stratified by age groups.®”*® Age-stratified results
for the Swedish Two-County Study were provided by the trial investigators (Dr. Laszlo Tabar
personal communication).

Trials varied in their recruitment of participants, screening protocols, control groups, and sizes
(Table 4). The HIP trial used direct-exposure film mammography, while all of the other trials
used screen-film mammography, and none evaluated digital mammography or tomosynthesis.
Five trials examined the effectiveness of screening among women between the ages of 40 and 74
years; "** two trials enrolled only women in their 40s;”>"° and one enrolled only women in
their 50s.”” The four trials from Sweden and the Age trial from the United Kingdom evaluated
mammography alone, and the other trials evaluated the combination of mammography and CBE.
Overviews of the Swedish trials providing outcome data have also been published.*”** The
overviews addressed several important study limitations of the Swedish trials including
reassessing causes of death in the Swedish Two-County Study with a blinded independent end
point committee.

Five trials were randomized at the individual participant level (CNBSS-1, CNBSS-2, HIP, Age,
Stockholm, and Malmo); one trial used individual (82%) and cluster (18%) randomization
(Gothenburg); and two trials used cluster randomization by community (Swedish Two-County).
Breast cancer mortality was the main outcome measure, and all trials evaluated differences
between the screening and control groups on an intention-to-screen basis. Seven studies
randomized women to an invitation to screening or control group receiving “usual care” at the
time the study was conducted. Usual care generally did not include screening mammography, or
only at specific age thresholds.

The two Canadian trials enrolled volunteers who underwent a pre-examination with CBE before

randomization to the intervention or control groups. The Swedish trials randomized women
according to communities. The Age trial recruited women from general practice lists, and the
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HIP trial recruited women enrolled in a health insurance plan.

The Gothenburg, Stockholm, Malmo, Swedish Two-County, Age, and HIP trials included DCIS
in their breast cancer case reporting, while the Canadian trials included only invasive breast
cancer in the latest update. All of the trials provided information on the stage, size, or lymph
node involvement of cases; however, these outcomes were reported differently across the trials
using various descriptions and levels of severity.

Trials differed in their methods of accrual of breast cancer cases and deaths, influencing the
analysis of outcomes. Two methods are provided in this report to help explain discrepancies
between estimates (Figure 4). The long case accrual method counts all of the breast cancer cases
contributing to breast cancer deaths diagnosed during the screening intervention period plus the
followup period. This method has been referred to as the “followup” method of analysis by some
investigators. While this method includes the most cases, it has the potential to dilute a true
benefit because participants from the control group are also screened after the study intervention
period ends.

The short case accrual method includes only deaths occurring among cases of breast cancer
diagnosed during the screening intervention period, and in some trials, within an additional
defined case accrual period. This has been referred to as the “evaluation method” of analysis by
some investigators. This method always involves the evaluation of fewer breast cancer cases for
mortality outcomes because the duration of case accrual is shorter than for the long case accrual
period. This method reduces the risk of contamination in the control group after the screening
phase of a trial is completed, but in the absence of concurrent screening, it can introduce bias.

The applicability of the screening trials to current populations and practice has likely decreased
over time. All of the trials were conducted in the past when imaging technologies and breast
cancer therapies were markedly different than today.’* Only the HIP trial enrolled women in the
United States, however, this trial began 50 years ago. Only women in the Canadian and Age
trials, and some women in the Malmo trial, had access to current adjuvant chemotherapies for
breast cancer.

In general, women who enroll in trials and attend screening interventions differ from those who
do not, underscoring the importance of intention-to-screen analysis to evaluate outcomes. Two
trials (HIP, Stockholm) evaluated the differences between women randomized to the intervention
group who chose to be screened (attendees) compared with those who did not. In these trials,
attendees had higher risks of breast cancer and lower risks of all-cause mortality than non-
attendees.®”° In the Canadian trials that recruited volunteers from several communities,
participants were more educated, had lower parity, and had overall higher risks of breast cancer
compared with the general population.”>’” These findings indicate that women at higher risk of
breast cancer but lower risk of all-cause mortality may choose to participate in screening. These
are important differences that could influence outcomes.
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Key Question 1. What Is the Effectiveness of Routine
Mammography Screening in Reducing Breast Cancer-

Specific and All-Cause Mortality, and How Does It Differ by

Age, Risk Factor, and Screening Interval?

Summary

Randomized Trials of Screening

Updated results from the CNBSS-1, CNBSS-2, Age, and Swedish Two-County Study trials
provided breast cancer mortality outcomes with longer followup than the previous review.
For women age 39 to 49 years, a meta-analysis of trials comparing mammography screening
with nonscreening indicated a combined RR of 0.88 (95% confidence interval [CI], 0.73 to
1.003; 9 trials) using the long case accrual method; and 0.84 (95% CI, 0.70 to 1.002; 9 trials)
with short case accrual. The absolute mortality reduction (deaths prevented) with screening
was 4 per 10,000 women over 10 years.

For age 50 to 59 years, the combined RR was 0.86 (95% CI, 0.68 to 0.97; 7 trials) with long
case accrual; and 0.86 (95% CI, 0.69 to 1.007; 7 trials) with short case accrual. The absolute
mortality reduction with screening was 5 to 8 per 10,000 women over 10 years.

For age 60 to 69 years, the combined RR was 0.67 (95% CI, 0.54 to 0.83; 5 trials) with long
case accrual; and 0.67 (95% CI 0.55 to 0.91; 5 trials) with short case accrual. The absolute
mortality reduction (deaths prevented) with screening was 12 to 21 per 10,000 women over
10 years.

Breast cancer mortality for women age 70 to 74 years was not statistically significantly
different between randomized groups in the screening trials, but estimates were limited by
low numbers of events from trials that had smaller sample sizes of women in this age group.
All-cause mortality did not differ between randomized groups in meta-analyses of trials,
regardless of whether trials were analyzed in combined or separate age groups.

No RCTs evaluated breast cancer mortality or all-cause mortality outcomes on the basis of
risk factors besides age.

There are no head-to-head trials of different screening intervals and existing trials do not
provide enough information to determine the specific effects of screening intervals.

Observational Studies

Observational studies of the effectiveness of population-based mammography screening on
breast cancer mortality reported a wide range of reductions in breast cancer death. Most
studies were conducted in Europe or the United Kingdom and included women age 50 to 69
years.

Meta-analyses from recent reviews from the EUROSCREEN Working Group indicated 25 to
31 percent mortality reduction for women invited to screening in the screening programs.
This compares to 19 to 22 percent reduction for women age 50 to 69 years in the meta-
analysis of screening RCTs that used intention-to screen analysis.
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e The only U.S observational study of breast cancer mortality reduction is a record review that
indicated no differences in breast cancer deaths between screened versus non-screened
women older than age 80 years.”'

e A large fair-quality study of the Mammography Screening of Young Women Cohort in
Sweden indicated reduced risk for breast cancer deaths for women age 40 to 49 years invited
to screening compared with women not invited (RR 0.74; 95% CI, 0.66 to 0.83).

¢ An observational study of Canadian women age 40 to 79 comparing screening program
participants versus nonparticipants indicated reduced breast cancer mortality of 40 percent
among participants.

e Two observational studies of screening intervals indicated no breast cancer mortality
differences between annual and biennial screening for women 50 years or older, or between
annual and triennial screening among women age 40 to 49 years.

Evidence

Previous Reports

The 2002 evidence review for the USPSTF included a meta-analysis of the eight published RCTs
of mammography screening and breast cancer mortality that were rated fair-quality.”*** For all
age groups combined, results of the meta-analysis indicated a RR for breast cancer mortality of
0.84 (95% credible interval [CrI], 0.77 to 0.91) for women randomly assigned to screening over
14 years of followup. For women age 40 to 49 years specifically, results indicated a RR of 0.85
(95% Crl, 0.73 to 0.99), while for women age 50 years and older, results indicated a RR of 0.78
(95% Crl, 0.70 to 0.87).

The 2009 evidence review for the USPSTF included new results from the Age trial and updated
results from the Gothenburg trial in addition to the previous trials, and provided meta-analysis
estimates for breast cancer mortality according to four age groups.**”* For women age 39 to 49
years, the combined RR was 0.85 (95% Crl, 0.75 to 0.96); for 50 to 59 years, 0.86 (95% Crl,
0.75 to 0.99); for 60 to 69 years, 0.68 (95% CrI, 0.54 to 0.87); and for 70 to 74 years, 1.12 (95%
CrL, 0.73 to 1.72).

Previous evidence reviews for the USPSTF did not address the effectiveness of screening in
reducing all-cause mortality, or how mortality reduction differs by risk factors and screening
intervals.

New Studies
Breast Cancer Mortality

RCTs with long case accrual methods. Seven RCTs provided breast cancer mortality outcomes
by age using long case accrual methods. These included the Swedish Two-County (Kopparberg
and Ostergt')tland),83 Age,79 Gothenburg,82 HIP,” and Canadian (CNBSS-1 and CNBSS-2)”
trials. The Malmo I, Malmo 11, and Stockholm trials reported breast cancer mortality outcomes
by age using only short case accrual.®’ However, these results were included in the combined
meta-analysis because they are the most inclusive results available. Quality ratings of these trials
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are described in previous reports. ****** Across all trials with long case accrual, the mean or
median screening intervention time ranged from 3.5 to 14.6 years, case accrual time from 7.0 to
17.4 years, and followup time from 11.2 to 21.9 years.

For women age 39 to 49 years, a meta-analysis of nine RCTs using the longest case accrual
available indicated a combined RR of 0.88 (95% CI, 0.73 to 1.003; 1°=25.4%; p=0.218; Figure
5).69-82.838687.95 The CIs of all nine trials crossed 1.0 as did the combined estimate.

For age 50 to 59 years, a meta-analysis of seven trials using the longest case accrual available
indicated a combined RR of 0.86 (95% CI, 0.68 to 0.97; 1°=38.0%; p=0.139), consistent with a
statistically significantly lower death rate in the screening group.®***%"% Estimates from the
Kopparberg® and Stockholm®’ trials indicated statistically significant differences between
randomized groups favoring screening, while the Cls from the five other trials crossed 1.0.

For age 60 to 69 years, a meta-analysis of five trials using the longest case accrual available
indicated a combined RR of 0.67 (95% CI, 0.54 to 0.83; |2:0%; p=0.739), consistent with a
statistically significantly lower death rate in the screening group.83’87’95 In this age group,
estimates from three Swedish trials (Kopparberg,® Ostergétland,* and Malmé I') indicated
statistically significant differences between randomized groups favoring screening, while the Cls
from the two other trials crossed 1.0. Combining results across the two age groups of women age
50 to 69 years indicated a RR of 0.78 (95% CI, 0.68 to 0.90; I2=41.0%; p=0.118).

Only three Swedish trials, Ostergdtland,* Kopparberg,* and Malmé 1,*” provided outcomes for
women age 70 to 74 years. The numbers of events in these trials were much lower than for other
age groups, and none of the trials indicated statistically significant differences between
randomized groups. A meta-analysis of the three trials using the longest case accrual available
indicated a combined RR of 0.80 (95% CI, 0.51 to 1.28; I2=0%; p=0.962).

A sensitivity analysis that included results of a combined analysis of the Swedish trials (Malmo
I, Malmé II, Stockholm, Ostergétland, Gothenburg, Stockholm) that used a long case accrual
(“followup”) method®’ indicated reduced point estimates that diminished the effect of screening,
although the statistical significance of the estimates did not change.

Results of the meta-analysis were used to determine absolute rates of breast cancer mortality
reduction per 10,000 women screened for 10 years (Table 5). Using RRs from the long case
accrual meta-analysis, the numbers of deaths reduced (prevented) included 4.1 (95% CI, -0.1 to
9.3) for age 39 to 49 years; 7.7 (95% CI, 1.6 to 17.2) for age 50 to 59 years; 21.3 (95% CI, 10.7
to 31.7) for age 60 to 69 years; and 12.5 (95% CI, -17.2 to 32.1) for age 70 to 74 years. Absolute
reduction for the combined group of women age 50 to 69 was 12.5 (95% CI 5.9 to 19.5).

RCTs with short case accrual methods. Meta-analysis estimates from trials with short case
accrual methods differed only slightly from those with long case accrual (Figure 6). Across all
trials with short case accrual, the mean or median screening intervention time ranged from 3.5 to
14.6 years, case accrual time from 5.0 to 15.5 years, and followup time from 10.7 to 25.7 years.
Including the same trials as the previous analysis, but with short case accrual, the combined RR
for women age 39 to 49 years was 0.84 (95% CI, 0.70 to 1.002; 1°=35.8%; p=0.143; 9
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trials).*#838087:95 The Gothenburg trial was the only trial with statistically significant

differences between groups.™

Results for age 50 to 59 years indicated a RR of 0.86 (95% ClI, 0.69 to 1.007; 1°=33.9%;
p=0.182; 7 trials), and only the Stockholm trial reported statistically significant differences
between groups.®®’ Results for age 60 to 69 and 70 to 74 years differed slightly from the
previous analysis (60 to 69 years; RR 0.67; 95% CI 0.55 to 0.91; 1>=0%; p=0.476; 5 trials; and
70 to 74 years; RR 0.90; 95% CI, 0.46 to 1.78; 1°=0%; p=0.923; 3 trials). Combining results
across the two age groups of women age 50 to 69 years, indicated a RR of 0.81 (95% CI, 0.69 to
0.95; 1%=43.7%; p=0.114).

Results of the meta-analysis were used to determine absolute rates of breast cancer mortality
reduction per 10,000 women screened for 10 years (Table 5). Using RRs from the short case
accrual meta-analysis, the numbers of deaths reduced (prevented) included 3.5 (95% CI, -0.1 to
7.4) for age 39 to 49 years, 4.5 (95% CI, -0.2 to 9.8) for age 50 to 59 years, 12.1 (95% CI, 3.4 to
20.7) for age 60 to 69 years, and 12.2 (95% CI, -37.7 to 26.9) for age 70 to 74 years. Absolute
reduction for the combined group of women age 50 to 69 years was 6.1 (95% CI 1.2 to 10.9).

Observational studies. Observational studies of mammography screening provide additional
information about screening effectiveness in contemporary populations and settings. However,
observational studies are subject to important biases that limit their use in determining
effectiveness. Most importantly, they lack comparability of comparison groups that is only
attainable through randomization.

Recent comprehensive systematic reviews of observational studies summarize most of the
relevant research.’®” Included studies were designed as time-trend, incidence-based mortality,
or case-control studies. Time-trend studies compare changes in breast cancer mortality among
populations in relation to the introduction of screening. Incidence-based mortality studies
compare mortality rates of women screened or invited to screen with women not screened or
invited. To reflect the incidence of breast cancer, rather than prevalence, these studies include
only breast cancer cases diagnosed during a specific time period that follows the initial screen.
Case-control studies compare histories of screening between women dying of breast cancer with
women not dying of breast cancer. Examples of limitations of these specific study designs
include incorrect assumptions for comparison groups in time-trend studies, high risk of lead and
length time bias in incidence-based mortality studies, and self-selection bias in case-control
studies. Additional limitations are described in Table 6.

Three good-quality reviews were recently conducted by the EUROSCREEN Working Group to
assess the effectiveness of population-based mammography screening on breast cancer mortality
(Appendix B1).”**® Inclusion criteria included studies with original data from population-based
screening programs in Europe and the United Kingdom that reported breast cancer mortality
outcomes; were published in English; included women age 50 to 69 years; evaluated current
screening programs; and were designed as time-trend, incidence-based mortality, or case-control
studies. Studies with overlapping data or data that were updated by newer results were not
included. Although quality criteria were not prespecified, the studies appeared to undergo critical
review according to design-specific factors. However, individual studies were not given quality
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ratings. Studies included in these reviews are listed in Appendix A8.

A EUROSCREEN review evaluated 12 time-trend studies reporting changes in breast cancer
mortality in relation to the introduction of screening.”’ These studies described trends over time
or evaluated change using regression analysis. No combined estimates of effectiveness were
provided because of dissimilarities of comparisons and outcome measures. Five studies reporting
outcomes as reductions per year indicated breast cancer mortality reductions of 1 to 9 percent per
year for approximately 10 years after the introduction of screening (i.e., 10% to 90%)."%*'*
Seven studies reporting before/after changes indicated 0 to 36 percent reductions in mortality
after screening was introduced compared with before screening.'”!'! Three of these studies that
were considered to have adequate followup reported mortality reductions ranging from 28 to 35
percent, 196:107.110

Another EUROSCREEN review included 20 incidence-based mortality studies that evaluated
breast cancer mortality rates in relationship to screening.”®*® The least biased studies estimated
breast cancer mortality from a cohort of women not invited for screening, or from historical and
current control groups; and used long case accrual periods that were the same as the study
followup periods. A meta-analysis™ of these studies indicated a RR of 0.75 (95% CI, 0.69 to
0.81; p=0.23; 7 studies)34’107’“2'116 for invitation to screening; and 0.62 (95% CI, 0.56 to 0.69;
p=0.40; 7 studies)**'*!1#11® for actual screening.

The third EUROSCREEN review included eight case-control studies that provided odds ratios
(ORs) for breast cancer mortality adjusted for self-selection bias using various methods.”® A
meta-analysis of studies indicated an OR of 0.69 (95% CI, 0.57 to 0.83; p=0.005; 7 studies)''""'*
for invitation to screening; and 0.52 (95% CI, 0.42 to 0.65; p=0.17; 7 studies) ''""'** for actual
screening.

A good-quality systematic review conducted outside of the EUROSCREEN Working Group
included time-trend, cohort, and hybrid studies (Appendix B1).” Hybrid studies were defined as
studies that identified a cohort, but used population-based data on mammography exposure.
Studies were restricted to those with women age 50 to 69 years that captured over 10 years of
screening experience. Several studies included in this review were also included in the
EUROSCREEN reviews. Study quality was evaluated by prespecified criteria that included
concepts of the USPSTF criteria and emphasized control groups, adjustment for potential
confounders, and ascertainment of mortality outcomes. Of 17 studies meeting inclusion criteria
and rated fair-quality, five reported RR reductions for breast cancer death of 0 to 12 percent;
eight reported 13 to 33 percent; and four reported more than 33 percent, although not all results
reached statistical significance.”’

The results of these systematic reviews indicated a wide range of estimates of breast cancer
mortality reduction with screening for women age 50 to 69 years. Meta-analyses from the
EUROSCREEN reviews indicated 25 to 31 percent mortality reduction for women invited to
screening in the screening programs. In comparison, the meta-analysis of screening RCTs using
intention-to screen analysis for women age 50 to 69 years indicated reductions of 19 to 22
percent, as described in the previous section of this report.
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Six additional studies were not included in the published systematic reviews described above
because they were published in 2011 or later, included women in countries outside Europe and
the United Kingdom, or focused on ages older or younger than 50 to 69 years (Table 7). The
only U.S study was a record review of older women who died of breast cancer. Results indicated
no differences in breast cancer deaths between screened versus non-screened women older than
age 80 years.91

One study included only women in their 40s. A large fair-quality study of the Mammography
Screening of Young Women Cohort in Sweden indicated reduced risk for breast cancer deaths
for women age 40 to 49 years invited to screening compared with women not invited (RR 0.74;
95% CI, 0.66 to 0.83).'** The estimated NNS during a 10-year period (corresponding to about 6
mammography episodes) to save 1 life was calculated as 1252 women (95% CI, 958 to 1915
women).

A study of over 2 million women age 40 to 79 in Canada compared screening program
participants versus nonparticipants. '>* Results were expressed as standardized mortality ratios
(i.e., the ratio of the observed breast cancer mortality of screening participants to province-
specific breast cancer mortality based in nonparticipant incidence and survival rates). '** Results
indicated reduced breast cancer mortality of 35 to 44 percent that varied by age. Although the
analysis considered the influence of self-selection bias using historical trend data for women age
35 to 39, the validity of this approach is unclear.

Additional studies provided updated data from screening programs in Norway'*>'?® and the
Netherlands'?” with results consistent with the EUROSCREEN report showing reduced mortality
with screening for women age 50 to 69 years.

All-Cause Mortality

All included RCTs of mammography screening reported all-cause mortality outcomes. However,
not all trials reported them according to age groups, and the two Canadian trials reported results
by combining age groups (40 to 49 years and 50 to 59 years) as one trial. Results reflecting the
longest followup times available for each trial were selected for inclusion in the meta-analysis.

For combined age groups, a meta-analysis of nine RCTs indicated a combined RR of 0.99 (95%
CI, 0.97 to 1.003; |2=0%; p=0.577, Figure 7).69’79’87’128 Results were similar for each age group
(Figure 8), including age 39 to 49 years (RR 0.99; 95% CI, 0.94 to 1.06; 1°=0%; p=0.478; 7
trials); 50 to 59 years (RR 1.02; 95% CI, 0.94 to 1.10; I2=0%; p=0.588; 3 trials); 60 to 69 years
(RR 0.97; 95% CI, 0.90 to 1.04; 1°=0%; p=0.650; 2 trials); and 70 to 74 years (RR 0.98; 95% CI,
0.86 to 1.14; 1>=72.4%; p=0.057; 2 trials).

Breast Cancer—Specific and All-Cause Mortality Differences by Risk Factors and Screening
Intervals

Screening trials did not provide results according to risk factors other than age. No head-to-head

comparisons of trials by screening intervals are available. The HIP, Age, and Canadian trials
used mammography screening intervals of 12 months, and none showed age-specific mortality
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reductions. The Swedish Two-County trial had screening intervals ranging from 24 to 36 months
that varied by age group, and reported breast cancer mortality reductions for age 50 to 69 years.
However, these trials differed by many other factors (inclusion, randomization, adherence, etc.)
and they did not provide enough information to determine the specific effects of screening
intervals.

Observational studies provide additional information about screening intervals (Table 7). A
time-trend study of 658,151 Canadian women age 40 to 79 years compared breast cancer
mortality rates before and after the change from annual to biennial screening for women 50 years
or older, while annual screening remain unchanged for age 40 to 49 years.'*’ Results indicated
no significant reductions for age 40 to 49 or 50 years and older. A registry-based study in
Finland indicated no breast cancer mortality differences between annual and triennial screening
among women age 40 to 49 years.130

Key Question 2. What Is the Effectiveness of Routine
Mammography Screening in Reducing the Incidence of
Advanced Breast Cancer and Treatment-Related Morbidity,
and How Does It Differ by Age, Risk Factor, and Screening
Interval?

Summary

RCTs

e The RCTs of mammography screening provided several measures of intermediate breast
cancer outcomes. However, most comparisons between screening and control groups using
these categories provided differences between the two groups in relatively early stages of
disease, rather than advanced stages.

e Combining estimates based on definitions corresponding to Stage II disease or higher (Stage
I+, size >20 mm, 1+ positive lymph node) in a meta-analysis indicated no significant
reductions in advanced disease for women age 39 to 49 or 50 years and older.

e When thresholds were defined by the most severe disease categories available from the trials
(Stage IIT + IV disease, size >50 mm, 4+ positive lymph nodes), meta-analysis indicated no
reductions for age 39 to 49 years (RR 0.98; 95% CI, 0.74 to 1.37); but reduced risk of
advanced cancer in the screening group for age 50 years and older (RR, 0.62; 95% CI, 0.46
to 0.83).

e In a Cochrane review that included five screening RCTs, women randomized to screening
were significantly more likely to have surgical therapy (mastectomies, lumpectomies) and
radiation therapy, and less likely to have hormone therapy than controls. Use of
chemotherapy was similar between groups.

e No RCTs evaluated the incidence of advanced breast cancer outcomes and treatment on the
basis of risk factors or screening intervals.
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Observational Studies

e Six observational studies compared advanced breast cancer outcomes between women in
populations participating in screening versus nonparticipating. Of these, two studies indicated
statistically significantly more Stage III and IV breast cancer among unscreened women;
three reported more lymph node positive disease; and three reported more tumors greater
than 20 mm in size.

e Four case series studies indicated less extensive survey, such as fewer total mastectomies and
more breast conservation therapies, and less chemotherapy among women who had
previously had screening mammography compared with those who did not, but these studies
included women with DCIS and early stage cancer as well as advanced cancer.

e An analysis of BCSC data indicated a lower proportion of Stage III + IV disease among
women age 40 to 49 years screened annually versus biennially, but not for women age 50 to
59 years.

e A second analysis of BCSC data indicated that women age 40 to 49 years with extremely
dense breasts had increased risks for advanced stage cancer (IIB+) and large-size tumors
(>20 mm) with biennial compared with annual screening. Differences were not significantly
different for positive lymph nodes, other density categories, other age groups, or between
biennial and triennial screening.

Evidence

Previous Reports

Previous evidence reviews for the USPSTF did not address this question.
New Studies

Incidence of Advanced Breast Cancer

RCTs. Intermediate outcomes of screening trials can be evaluated to determine if screening
reduces the risk for advanced breast cancer, thereby leading to better prognosis and potentially
less aggressive treatment and morbidity. The RCTs of mammography screening provided several
measures of intermediate outcomes for screening and control groups. The most commonly used
measures included clinical stage (Stage 0 to IV),***""*"1*2 njumber of involved lymph nodes (0, 1
to 3, 4+),”" 8283133 and tumor size (mm), *"®* although these measures varied across trials.
Most comparisons between screening and control groups using these categories provided
differences between the two groups in relatively early stages of disease, rather than advanced
stages.

A published analysis of trials defined advanced breast cancer as Stage II disease or higher, size
20 mm or greater, or having one or more positive lymph nodes (Table 8).°> These outcomes are
all consistent with Stage ITA disease (i.e., localized) or higher according to the AJCC TNM
system.”® Combining estimates based on these definitions of advanced cancer in a meta-analysis
produced a RR for women age 39 to 49 years of 0.90 (95% CI, 0.79 to 1.04; I2=23.1%; p=0.267;
5 trials),®**%3" and for age 50 years and older, 0.85 (95% CI, 0.65 to 1.13; 1>=80.5%; p=0.002;
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4 trials; Figure 9),°>%#-13! indicating no statistically significant overall differences between the

screening and control groups.

To evaluate these relationships using a higher level of disease to define advanced breast cancer,
thresholds were redefined to the most severe disease categories available from the trials,
recognizing that these definitions do not represent equivalent disease stages. These include Stage
I + IV disease (i.e., regional + metastatic), size 50 mm or greater, or having four or more
positive lymph nodes. Combining estimates based on these definitions of advanced cancer in a
meta-analysis indicated no difference for women age 39 to 49 years (RR 0.98; 95% CI, 0.74 to
1.37; |2:0%; p=0.556; 4 trials);%’83 BLI3 byt reduced risk of advanced cancer in the screening
group for age 50 years and older (RR, 0.62; 95% CI, 0.46 to 0.83; I2=0%; p=0.692; 3 trials;
Figure 10)./%8131

Observational studies. Although many observational studies have been published comparing
characteristics of breast cancer diagnoses between screened and unscreened women, most
provide comparisons between screen-detected and nonscreened-detected cases. This approach
categorizes all cancer cases identified outside of a screening mammogram as nonscreen-detected,
even though a woman may have had prior screening mam