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Introduction
Steven R. Goldstein, MD, CCD, NCMP, FACOG

New York University School of Medicine 
New York, New York 

U ntil recently, when it was surpassed by lung cancer, 
breast cancer was the most common malignancy in 

women, accounting for an estimated 231,840 new cases 
and 40,290 deaths per year in 2015.1 For many women, 
the emotional and psychological ramifications of having 
breast cancer, or the fear of developing it, is overwhelm-
ing. Indeed, in a Gallup poll commissioned by the North 
American Menopause Society (NAMS), women were asked, 
“What is the most common cause of death?” Fully 40% 
responded “breast cancer.” At that time breast cancer actu-
ally had a 4% mortality rate, while cardiovascular disease 
accounted for 45% of all mortality. More recently, 1 in 31 
American women dies from breast cancer each year, while 
1 in 3 dies of heart disease.2 

Thus, fear of breast cancer is a very important health 
concern for many women. As gynecologists and health 
care providers who concentrate on women’s health, we are 
the frontline clinicians tasked with maximizing our patients’ 
breast health. Such care includes taking a patient’s perti-
nent family and personal history and being well versed in 
the risk factors for breast cancer and their relative increases 
in risk (TABLE). Of course, it is essential for us to ensure that 
patients understand the important difference between 
relative risk and absolute risk. Counseling patients to man-
age modifiable risk factors, such as obesity, smoking, and 
excessive alcohol intake, is also critical. Furthermore, clini-
cians need to be up to date on agents approved by the US 
Food and Drug Administration (FDA) for chemoprevention 
in appropriate candidates.

Early detection of breast cancer, however, is truly one 
of the most important ways to reduce the morbidity and 
mortality of this disease. In the excellent article that fol-
lows by Dr. Bonnie Joe, we learn that only after the intro-
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duction of mammographic screening in the mid-1980s 
did we finally see a 30% reduction in mortality from breast 
cancer. As health care providers for women, we prescribe 
mammography screening and, often, follow-up studies, 
and we serve as a reliable resource for how often and how 
best to do surveillance, thus promoting early detection 

while maintaining an appropriate risk (false-positives)/
benefit (true-positives) ratio.

The landscape has become quite murky. Professional 
society recommendations for breast cancer screening vary. 
Many new screening modalities have become available, 
including magnetic resonance imaging (MRI) and tomo-
synthesis. Great confusion exists about breast density, 
especially in the 24 states that have legislative mandates 
to inform patients of their personal level of breast density. 
Many patients, and even many health care providers, do 
not realize that tomosynthesis is 3D mammography, not to 
mention what it is capable of doing (and not doing). Even 
among clinicians who do understand tomosynthesis, few 
realize that instruments from various manufacturers have 
very real differences that may impact the quality and per-
formance of the study.

As program director of this continuing medical educa-
tion (CME) supplement, I have assembled a team of imaging 
experts who, in the pages that follow, help sort through the 
confusion. They provide data on the merits of screening, the 
role of tomosynthesis (including its advantages and the dif-
ferences in various instruments employed for it), how best 
to approach breast density, and the role of MRI.
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Breast cancer demographics and screening guidelines
Bonnie N. Joe, MD, PhD, FSBI

University of California, San Francisco 
San Francisco, California

R ecent guideline updates from the American Cancer 
Society and the US Preventive Services Task Force 

(USPSTF) have unfortunately misled many to believe that 
screening mammography is not effective for women aged 
40 to 49 years and that biennial screening is preferred over 
annual screening to reduce false-positive recalls.1,2 It is criti-
cally important to point out that choosing biennial screen-
ing over annual screening or choosing to begin screening 
at age 50 will reduce false-positive recalls—but at the cost 
of sacrificing lives to breast cancer.3 

Randomized controlled trials (RCTs) have consistently 
demonstrated an 18% to 29% mortality reduction related 
to screening women in the age range of 40 to 49 years.4 
Remember that RCTs underestimate the lifesaving benefit 
of screening due to issues with nonadherence and con-

tamination between the groups invited to screen versus 
those not invited. A better measure of screening mam-
mography would be to compare women who actually 
undergo screening mammography with those who do 
not. Analysis of population service screening data provides 
such measures. 

Population service screening studies, which represent 
how mammography screening performs in the “real world,” 
demonstrate the benefit of screening mammography to 
reduce mortality up to 50%.5 According to data from the 
Surveillance, Epidemiology, and End Results (SEER) pro-
gram, the breast cancer death rate was unchanged for 
decades. With the introduction of screening mammogra-
phy, the death rate gradually declined to about 30% by 
2005 (FIGURE).6

TABLE  Breast Cancer Risk Factors and Their  
Relative Risks

Relative risk <2 Relative risk 2-4 Relative risk >4

Age 25 to 34 at first 
live birth

Age >35 at first live 
birth

Gene mutations  
(BRCA 1 or 2)

Early menarche First-degree relative 
with breast cancer

Lobular 
carcinoma in situ

Late menopause Nulliparity Ductal carcinoma 
in situ

Proliferative 
benign disease

Radiation exposure Atypical 
hyperplasia

Postmenopausal 
obesity

Prior breast cancer

Alcohol use

Estrogen/
progestogen 
hormone therapy

Adapted from: Bilimoria MM, Morrow M. The woman at increased risk for 
breast cancer:  evaluation and management strategies.  CA Cancer J Clin.  
1995;45:263-278.
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None of the parameters of screening—recall rates, 
biopsy rates, cancer detection rates—change suddenly at 
age 50.7 Asking only women at high risk for breast cancer 
to screen starting at age 40 ignores the fact that 75% of 
breast cancers are diagnosed in women with no identifi-
able risk factors. 

A study of 40- to 49-year-old women with screen-
detected breast cancer found that the majority had neither 
strong family history nor dense breast tissue.8 An analysis by 
Hendrick and Helvie, using the USPSTF 2009 methodology, 
showed that if women aged 40 to 49 years are not screened, 
and those aged 50 to 74 are screened biennially, approxi-
mately 6500 additional women in the United States would 
die each year from breast cancer—a population of women 
who have the most years to live in terms of personal and 
family milestones they will miss if not given the opportunity 
for early detection.3 In fact, all of the Cancer Intervention 
and Surveillance Modeling Network (CISNET) models used 
by the USPSTF and the ACS show that the most lives are 
saved by annual screening starting at age 40.9 

When cancers are detected on mammography before 

they spread to other parts of the body, the likelihood of 
cure is increased. Annual screening mammography in 40- to  
49-year-old women not only saves lives but also results in the 
detection of smaller tumors, resulting in less aggressive sur-
gery, possible avoidance of radiation therapy, and elimination 
of the need for expensive and toxic chemotherapy.10-12  
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FIGURE  The breast cancer death rate has decreased in relationship to mammography screening

The death rate for breast cancer was unchanged for decades until mammography screening began in the mid-1980s. Soon after, 
the death rate began to decrease, and it has continued to decrease as more and more women participate in screening. By 2005 it 
was down by 30%.6 

Reprinted from Radiologic Clinics of North America, 48/5, Kopans, D, The 2009 US Preventive Services Task Force (USPSTF) Guidelines are not 
Supported by Science: The Scientific Support for Mammography Screening, p.843-857, 2010 with permission from Elsevier.



IMAGING OF THE BREAST 2016: REDUCING THE CONFUSION

S4    June 2016  I  Supplement to OBG Management

7.	� Kopans DB, Moore RH, McCarthy KA, et al. Biasing the interpretation of 
mammography screening data by age grouping: nothing changes abruptly 
at age 50. Breast J. 1998;4(3):139-145.

8.	� Price ER, Keedy AW, Gidwaney R, Sickles EA, Joe BN. The potential impact of 
risk-based screening mammography in women 40-49 years old. AJR Am J 
Roentgenol. 2015;205(6):1360-1364.

9.	� Mandelblatt JS, Cronin KA, Bailey S, et al; Breast Cancer Working Group of the 
Cancer Intervention and Surveillance Monitoring Network. Effects of mam-
mography screening under different screening schedules: model estimates 
of potential benefits and harms. Ann Intern Med. 2009;151(10):738-747.

10.	� Shen N, Hammonds LS, Madsen D, Dale P. Mammography in 40-year-old 
women: what difference does it make? The potential impact of the US Pre-
ventative Services Task Force (USPSTF) mammography guidelines. Ann Surg 
Oncol. 2011;18(11):3066-3071.

11.	� Plecha D, Salem N, Kremer M, et al. Neglecting to screen women between 40 
and 49 years old with mammography: what is the impact on treatment morbid-
ity and potential risk reduction? AJR Am J Roentgenol. 2014;202(2):282-288.

12.		� Miglioretti DL, Zhu W, Kerlikowske K, et al; Breast Cancer Surveillance Consor-
tium. Breast tumor prognostic characteristics and biennial vs annual mam-
mography, age, and menopausal status. JAMA Oncol. 2015;1(8):1069-1077.

Tomosynthesis: What is it, and are all systems equal?
Reni S. Butler, MD

Yale University, Yale School of Medicine 
New Haven, Connecticut

The technology
Digital breast tomosynthesis offers cross-sectional imag-
ing of thin sections of the breast. Although 2-dimensional 
(2D) screening mammography is proven to reduce breast 
cancer mortality, its sensitivity and specificity are limited 
by the masking effect of overlapping breast tissue. Three-
dimensional (3D) tomosynthesis compensates for this. It 
helps us detect malignant lesions that may be obscured 
by the overlapping breast tissue on standard digital mam-
mography, and it can increase specificity by resolving 
pseudolesions produced by breast tissue overlap, reducing 
the so-called false-positives (FIGURE). 

Two-dimensional and tomosynthesis data are obtained 
in a single compression, adding a variable number of sec-
onds to the acquisition of each view depending on the sys-
tem (see vendor information on the following page). Once 
the patient is positioned, the x-ray tube sweeps through an 
arc over the breast and acquires a predetermined number 
of projection images that are subsequently reconstructed 
into 1-mm sections. After the sweep, the x-ray tube returns 
to its starting position perpendicular to the image receptor 
and obtains a conventional 2D image. While the additional 
exposure increases the radiation dose, it still remains below 
the 3 mGy safety limit of the US Food and Drug Administra-
tion (FDA). If the vendor provides the option of creating a 
synthetic mammogram (currently called a C-view), the 2D 
acquisition can be eliminated. The standard mammogram 
image is reverse engineered from the 3D tomosynthesis 
data, thereby significantly reducing the radiation expo-
sure to a level comparable to that of a conventional 2D  
mammogram.

The vendors
Four major vendors have developed digital breast tomo-
synthesis systems; each has slight variations in detectors, 
technical parameters of the tomosynthesis acquisition, 

and resolution of 2D and tomosynthesis images (TABLE). 
Systems by Hologic, Siemens, and GE are FDA approved for 
clinical use in the United States, while the Fujifilm system is 
currently undergoing trials. At this time, the only available 
synthetic mammogram is the C-view from Hologic, which 
is FDA approved to be used in place of a conventional 2D 
mammogram when paired with tomosynthesis, again 
reducing the overall dose to the woman.

The data
Multiple clinical trials in the United States and Europe 
have shown significant gains in breast cancer detection 
as well as a marked decline in false-positive recalls when 
using tomosynthesis in the screening environment.1-3 The 
additional cancers detected are predominantly small inva-
sive cancers whose early detection is likely to positively  
influence patient outcomes. In addition, tomosynthesis 

FIGURE  Two-dimensional mammographic  
images compared with tomosynthesis images

Screening mammogram in a 56-year-old woman shows an 
irregularity in the right breast seen only on tomosynthesis 
images. Surgical pathology showed grade 1-2 invasive ductal 
carcinoma. 
Abbreviations: CC, top projection; MLO, mediolateral oblique projection.
Images courtesy of Reni S. Butler, MD.
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has been shown to aid in the detection of invasive lobular 
carcinoma, a histology that has been sometimes difficult to 
diagnose at an early stage due to its tendency to present 
with subtle findings.3

In the diagnostic setting, tomosynthesis has led to a 
marked shortening of the diagnostic workup and a greater 
diagnostic confidence, resulting in fewer Breast Imag-
ing Reporting and Data System (BI-RADS) 3 assessments 
and a higher positive predictive value for BI-RADS 4 and  
BI-RADS 5 cases.4-6 By minimizing the masking effect of 
overlying breast tissue, tomosynthesis improves visualiza-
tion of important lesion features, such as mass margins, 
which help determine the probability of malignancy. 
The added information gained from routine mediolateral 
obilque and craniocaudal views often obviates the need 
for spot compression and other diagnostic views.

Further technological innovations, such as high- 
resolution synthetic 2D mammograms and computer-
aided detection for tomosynthesis, may continue to 

improve the accuracy and efficiency of both mammo-
graphic screening and diagnosis.
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TABLE  Comparison of technical and clinical features of digital breast tomosynthesis systems  
developed to date 

Vendor Platform 3D acquisition Resolution

Detector X-ray arc sweep Projection  
images

Acquisition 
time

2D pixel 
size

Tomo pixel 
size

Synthetic 
mammogram

Hologic Amorphous 
selenium

15° 15 4 sec 70 μ 95 μ/117 μa C-view, FDA approved

Siemens Amorphous 
selenium

50° 25 30 sec 85 μ 85 μ N/A

GE Amorphous 
silicon

25° 9 10 sec 100 μ 100 μ N/A

Fujifilm Amorphous 
selenium

15° (ST)b

45° (HR)c

15 (ST)

15 (HR)

4 sec (ST)

11 sec (HR)

50 μ 100 μ (ST)

50 μ (HR)

N/A

Selenium gives better resolution with faster acquisition, both benefiting the patient. A greater number of projection images 
produce a higher-resolution tomosynthesis image with smaller pixel size. However, this needs to be balanced against a longer 
acquisition time, which increases the likelihood of motion. 
aReconstructed tomosynthesis pixel size for Hologic Selenia Dimensions depends on paddle size, with 2 paddle sizes available.
bStandard mode of Fujifilm Amulet Innovality digital mammography system; recommended for screening mammography.
cHigh-resolution mode of Fujifilm Amulet Innovality digital mammography system; recommended for diagnostic mammography.
Abbreviations: HR, high resolution; N/A, not applicable; ST, standard; Tomo, tomosynthesis.
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Dense breast screening: Ultrasound, tomosynthesis, or MRI?
Reni S. Butler, MD

Yale University, Yale School of Medicine 
New Haven, Connecticut

R ecent legislation has propelled the issue of mam-
mographic breast density to the forefront of public 

attention. Currently, 24 states have breast density report-
ing laws, and last year a bill titled, the “Breast Density and 
Mammography Reporting Act of 2015” was introduced in 
the House and Senate to establish a federal standard for 
breast density notification. 

The advocacy for breast density legislation stems from 
2 concerns. First, dense breast tissue represents an inde-
pendent risk factor for the development of breast cancer. 
This risk has been reported as 4 to 6 times greater than 
that for women with nondense breasts.1 The second and 
perhaps even more significant concern regarding dense 
breasts is the marked decrease in mammographic sen-
sitivity associated with increasing breast density.2 From 
as high as 80% to 98% in entirely fatty breasts, mam-
mographic sensitivity plummets to 30% to 64.4% at the 
opposite end of the spectrum in women with extremely 
dense breasts. 

Ultrasound, which is not limited by radiographic den-
sity, can detect many of these mammographically occult 

cancers. Multiple studies in women with dense breasts 
have reported that ultrasound detects an additional  
2.7 to 4.6 cancers per 1000 women screened with mam-
mography.3,4 However, this additional breast cancer 
detection comes with significant cost. In the first year of 
implementing screening ultrasound in Connecticut, an 
additional 3 cancers were detected in a patient population 
of 935 women at a cost of $60,267 per each additional can-
cer.4 Concerns over this high cost have challenged experts 
to consider whether all women with dense breasts require 
additional screening and how modalities other than ultra-
sound fit into the screening paradigm.

The decision to pursue supplemental screening should 
be based on an informed discussion of the patient’s 
individual breast density and cancer risk, as well as an 
understanding of the likelihood of detecting a mammo-

FIGURE 2   Role of MRI in tomosynthesis-detected 
breast cancer not seen in two-dimensional  
images or ultrasound

Screening mammogram in a 49-year-old woman clearly 
reveals an irregularity in the right superior lateral breast seen 
only on tomosynthesis images. Ultrasound was negative. 
Contrast-enhanced MRI demonstrates a small spiculated mass 
corresponding to the mammographic finding, which biopsy 
showed to represent a grade 2 invasive ductal carcinoma with 
DCIS. In this patient, screening with 2D mammography and 
ultrasound would not have detected the cancer without the use 
of tomosynthesis.  
Abbreviations: 2D, 2 dimensional; CC,  top projection; DCIS, ductal carcinoma in 
situ; MLO, mediolateral oblique projection; MRI, magnetic resonance imaging. 
Images courtesy of Reni S. Butler, MD.

FIGURE 1  Breast cancer occult on  
two-dimensional mammography revealed by 
tomosynthesis  

Screening mammogram in a 54-year-old woman shows a small 
irregularity seen only on tomosynthesis images. Ultrasound 
reveals a sonographic correlate, and biopsy yields diagnosis of 
grade 2 invasive ductal carcinoma. This finding, which might 
have been considered mammographically occult in years prior 
to tomosynthesis, is now a tomosynthesis-detected cancer. 
Abbreviations: CC, top projection; MLO, mediolateral oblique projection.
Images courtesy of Reni S. Butler, MD.
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graphically occult cancer versus false-positive findings 
that may lead to anxiety, follow-up imaging, and biopsy. 
For patients with a lifetime risk >20%, magnetic resonance 
imaging (MRI) is the modality of choice for screening in 
conjunction with mammography and is recommended 
regardless of breast tissue density.5 Patients with a lifetime 
risk between 15% and 20% fall into an intermediate cat-
egory for which the guidelines recommend neither for nor 
against MRI. In these patients, both MRI and ultrasound 
may be suitable options. Finally, for patients at average life-
time risk <15%, MRI is not recommended and ultrasound 
may be considered if the patient has dense breasts. 

In patients at average risk, tomosynthesis may dimin-
ish the role of ultrasound as an adjunctive screening test. 
Clinical trials have shown that tomosynthesis improves 
breast cancer detection.6 By removing the masking effect 
of superimposed breast tissue, tomosynthesis unveils can-
cers that would have been deemed mammographically 
occult on conventional 2-dimensional (2D) mammogra-
phy, leaving fewer cancers to be detected by ultrasound 
alone. The cost effectiveness and cancer detection rate of 
screening ultrasound is, therefore, likely to be diminished. 
Little data comparing the benefit of tomosynthesis versus 
screening ultrasound in women with dense breasts is cur-
rently available. However, growing clinical experience with 

tomosynthesis reveals cancers occult on 2D mammogra-
phy whose detection no longer requires screening ultra-
sound (FIGURE 1). 

Less commonly, some cancers detected with tomosyn-
thesis may even be ultrasound occult (FIGURE 2). In a small 
percentage of patients, screening ultrasound is likely to 
remain useful. However, as tomosynthesis becomes more 
widely available, ultrasound may be used more selectively 
to screen patients at higher-than-average breast cancer risk. 
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Current best indications for breast MRI
Bruce A. Porter, MD, FACR

University of Washington, School of Medicine 
Seattle, Washington

A ccepted indications for magnetic resonance imaging 
(MRI) of the breast in high-risk breast cancer (BRCA) 

surveillance are evolving, variable, and often disputed. 
Although MRI is not indicated in women at average risk for 
breast cancer, one application is especially clear: MRI is an 
appropriate adjunct to mammography in women at high 
risk for breast cancer.1 Its efficacy when used with mam-
mography is well established.2 Based strictly on the Ameri-
can Cancer Society recommendations, the current best 
indications for breast MRI are1:

•• BRCA mutation carriers and their first-degree rela-
tives who are untested 

•• Prior chest radiation (eg, Hodgkin lymphoma  
treatment)

•• >20% to 25% lifetime risk for breast cancer (by risk-
assessment model)

•• Congenital cancer predisposition syndromes  
(Li-Fraumeni syndrome, Cowden syndrome,  
Bannayen-Riley-Ruvalcaba syndrome)

Recommended imaging in these patients generally 
starts at age 30, with some exceptions (such as congeni-
tal syndromes), and continues as long as the woman is in 
good health. MRI and mammography should be alternated 
at 6-month intervals. The recommended risk-assessment 
models are the Tyrer-Cuzick (www.ems-trials.org/risk 
evaluator) and Claus (http://www4.utsouthwestern.edu 
/breasthealth/cagene/default.asp) models; the Gail model 
is specifically not recommended since it does not include 
family history. Ideally, these women should be assessed 
and monitored in an approved high-risk clinic or facility. 
MRI should be performed in an American College of Radi-
ology accredited facility (www.acr.org), and MRI-guided 
biopsy must be available. 

There are other promising indications for MRI, but they 
are controversial and are not yet considered appropriate 
(due to lesser risk): preoperative staging for unsuspected 
multicentric tumors (FIGURE 1), as well as diffuse or con-
tralateral cancer, lobular histology, and monitoring of 
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neoadjuvant chemotherapy, among others. MRI’s key con-
tribution in high-risk surveillance is, however, the very high 
(approximately 99%) negative predictive value of a normal 
exam (FIGURE 2), even in a high-risk population.3

Concerns are often raised regarding the potential for 
false-positive breast MRI exams leading to anxiety and 
more biopsies. This is true and more likely in less experi-
enced imaging facilities, but it is important to recognize 
that the harm-risk/benefit ratio is significantly less in high-
risk populations due to a greater probability of cancer and 
the potential benefits of earlier detection and lower stage 
at diagnosis when MRI and mammography are used in 
conjunction. This combined approach has been demon-
strated to improve mortality in these selected patients.4 
Exclusion or detection of unsuspected contralateral cancer 
is also beneficial.5 

In summary, a combined mammography and MRI 
approach to ongoing surveillance of women at appropri-
ately established high-risk for breast cancer is effective in 
early diagnosis or near-exclusion of breast cancer in these 

selected patients. Although there is a higher probability of 
false-positive results than with mammography alone, the 
risk/benefit ratio in these patients makes this an accept-
able and appropriate clinical alternative for these at-risk 
women.
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FIGURE 2   Normal contrast-enhanced breast MR,  
MR-BI-RADS 1

Abbreviations: MR, magnetic resonance; MR-BI-RADS, Breast Imaging Reporting 
and Data System. 
Image courtesy of Bruce A. Porter, MD, FACR.

FIGURE 1   Unsuspected multicentric infiltrating 
ductal cancers (red lesions on CAD) 

This patient was thought to have a solitary 1.3-cm ductal cancer 
prior to MRI; at mastectomy, multiple cancers were confirmed.
Abbreviations: CAD, computer-aided detection; MR, magnetic resonance 
imaging.
Image courtesy of Bruce A. Porter, MD, FACR.
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