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After skin cancer, breast cancer is the cancer most diagnosed 
in U.S. women and has the second highest death rate. Breast 
cancer will develop in approximately one in eight American 
women during their lifetimes; more than 230,000 new cases of 
invasive cancer and 40,000 deaths were expected in 2015. Al-
though the incidence and the death rate have declined over 30 
years, more than 2.8 million Americans have a current history 
of breast cancer. Approximately 85% of these cases occur in 
patients with no family history; the most important risk factors 
are female sex and increasing age [1].

Although there is variability by subtype and histopatho-
logic features, it is widely accepted that advanced breast 
cancer with axillary or distant metastases is associated with 
a poorer prognosis [2]. As reported by the Surveillance, Epi-
demiology, and End Results Program (SEER) [3], the 5-year 
relative survival of breast cancer localized to the breast is 
98.6%, decreasing to 84.9% after spread to regional lymph 
nodes and 25.9% with distant metastases. Consequently, the 
trend toward screening evaluation and early-stage diagnosis 
has gained increasing importance in the last several decades. 
Important metrics for the efficacy of a screening examina-
tion include sensitivity, specificity, positive predictive value 
(PPV), and recall rate. In the case of screening mammography 
for patients 40–89 years old, the Breast Cancer Surveillance 
Consortium reports sensitivity of 83.5%, specificity of 90.9%, 
PPV of 4.1%, and a recall rate of 9.3%. Notably, sensitivity, 
specificity, and PPV for screening mammography all improve 
with increasing age [4]; sensitivity and specificity decrease 
with increasing breast density [5].

Screening Mammography
A typical screening mammographic examination includes 

craniocaudal and mediolateral oblique views of both breasts 
with strict adherence to patient positioning, examination tech-
nique, and quality. Under ideal circumstances, images are ac-
quired with rapid throughput and batch interpreted in an unin-
terrupted environment, and the results are mailed to the patient 
and referring physician. In approximately 10% of patients, an 
abnormality is detected at screening mammography, and a pa-

tient is recalled for diagnostic imaging, which consists of addi-
tional mammographic views, ultrasound, or both under direct 
supervision of the radiologist. Recall rates are generally higher 
after the initial examination compared with subsequent exami-
nations and are typically higher among younger than among 
older patients [6], likely owing to differences in breast density.

Efficacy of Screening Mammography
Determination of the efficacy of screening mammography 

is extremely complex. As described by Kopans [7], establish-
ing benefit of evidence, such as improved survival or diag-
nosis of cancer at an earlier stage, is different from proof of 
evidence, such as decreased breast cancer mortality. Benefit 
of evidence can be influenced by bias, which must be mini-
mized to establish proof of evidence. Important forms of bias 
include lead-time bias, length-bias sampling, and selection 
bias. As it pertains to screening mammography, lead-time bias 
is an apparent increase in survival time discerned by identify-
ing cancer earlier by screening but with no alteration in the 
date of death. Length-bias sampling, also known as prognos-
tic selection bias, refers to the likelihood that slower-growing, 
indolent cancers will more often be detected with screening 
mammography than will rapidly growing, aggressive cancers, 
resulting in better apparent outcomes. Selection bias suggests 
that healthy women are more likely to participate in screening, 
also resulting in better apparent outcomes.

The effects of bias can be minimized with prospective ran-
domized controlled trials (RCTs), which in this case seek to es-
tablish the statistical significance of screening mammography 
in reducing death from breast cancer in a randomly selected 
population that is invited to undergo screening compared with 
a population that is not invited to undergo screening. To date, 
eight RCTs, most of which were population based, have been 
completed to assess the efficacy of screening mammography. 
Critical features of the RCTs included large sample sizes and 
long follow-up periods. The trials varied slightly in subgroup 
ages, techniques compared with mammography, and interval 
follow-up, but the overall results of the RCTs suggest a statisti-
cally significant 20% reduction in breast cancer mortality in the 
screening population 40–74 years old, including a 22% reduc-

1Both authors: Department of Diagnostic Radiology, Section of Breast Imaging, The University of Texas MD Anderson Cancer Center, 1155 Pressler, CPB5.3244,  
Houston, TX 77030. Address correspondence to R. S. Legha (rlegha@mdanderson.org).



260 Oncologic Imaging: From Diagnosis to Cure

Legha and Leung

tion among women 50–74 years old and 
a 15% reduction among women 40–49 
years old [4]. There is also a belief that 
these numbers are conservative estimates 
of the true value of screening mammogra-
phy with improvement in techniques and 
technology [4]. The findings of the RCTs 
are summarized in Table 1 [8].

The first two RCTs were the Health 
Insurance Plan (HIP) trial in New York 
in 1963 and the Malmö trial in Sweden 
in 1976. In the HIP trial, 18 years after 
study enrollment, the breast cancer mor-
tality in the intervention group was ap-
proximately 25% lower than that in the 
control group [9]. The Malmö trial re-
vealed an approximately 36% decrease 
in breast cancer mortality in the inter-
vention group after 19 years [10]. The 
largest RCT performed was the two-
county trial in Sweden, which invited 
a total population of 163,000 women 
40–74 years old and divided them into 
screening and nonscreening groups. This 
trial was also notable for performing 
only single-view mammography (me-
diolateral oblique view), for screening 
women 40–49 years old every 2 years 
and women 50 years old and older every 
3 years, and for its long-term follow-up 
analysis lasting 29 years. The findings 
revealed a highly significant 30% re-
duction in breast cancer mortality in the 
population invited to undergo screening. 
Furthermore, reduction in breast cancer 
mortality lasted over the duration of the 
follow-up period, and the absolute ben-
efit of an invitation to screen improved 
with time [11]. Most of the breast cancer 
deaths prevented occurred more than 10 
years after the beginning of screening, 
highlighting the importance of long-term 
follow-up [4].

The Canadian National Breast Screen-
ing Studies (CNBSS) evaluated women 
40–49 years old (CNBSS-1) and 50–59 
years old (CNBSS-2) [12, 13]. The goal 
of CNBSS-1 was to test the efficacy of 
screening mammography with either 4 
or 5 years of annual mammography and 
clinical breast examinations (CBE). The 
goal of CNBSS-2 was to evaluate the ef-
ficacy of screening with mammography 
and CBE versus CBE alone with either 
4 or 5 years of annual examinations. 

The trial concluded that more small, 
node-negative tumors were detected 
with screening with annual mammog-
raphy and CBE than were detected with 
CBE alone, but there was no effect on 
the death rate after 7 years of follow-up 
[12, 13]. It is important to note that the 
blinded randomization in this trial was 
flawed. Randomization was done only 
after volunteers accepted invitations to 
the trial and after CBE had already been 
performed. In addition, there were seri-
ous concerns over the suboptimal quality 
of mammograms obtained [2].

Limitations of  
Screening Mammography

Screening mammography reduces 
breast cancer mortality, but it has draw-
backs. Some of these limitations include 
ionizing radiation exposure, financial 
cost, false-positives findings, and anxiety 
associated with false-positive results and 
recalls. The concept of overdiagnosis that 
is often discussed also must be addressed.

Radiation exposure in two-view 
screening digital mammography is esti-
mated at approximately 4.7 mGy, which 
corresponds to a lifetime attributable risk 
of five to seven cases of breast cancer per 
100,000 and 1.3–1.7 breast cancer deaths 
per 100,000 [14]. At a similar dose, how-
ever, the number of lives saved has been 
estimated at 350 per 100,000 [15]. Critics 
of mammography also refer to the high 
false-positive rate, because there is consid-
erable overlap in the appearance of cancer 
and benign lesions. Approximately 10% of 

patients are recalled for additional views 
and fewer than 2% of women screened 
undergo biopsies, 30–40% of which result 
in a cancer diagnosis [16]. The benefit, 
however, is earlier diagnosis of otherwise 
advanced breast cancer and reduction in 
mortality. Recall imaging and need for bi-
opsy to exclude cancer may cause anxiety 
in some patients. However, although there 
may be increased short-term anxiety, there 
is no measurable health utility decrement 
and no decrease in patients’ intentions to 
undergo future screening as a result of this 
potential anxiety [17].

Overdiagnosis of breast cancer is 
the concept of diagnosing and treating 
breast cancers that may never become 
clinically apparent or affect patient 
lives, such as low-grade ductal carci-
noma in situ. In one study [18], it was 
estimated that as many as 31% of breast 
cancer diagnoses among U.S. women 
older than 40 years were related to 
overdiagnosis. Critics suggest, howev-
er, that the data and design of the study 
were flawed, and it is more likely that 
the overdiagnosis rate is in the range 
of 1–10% after accounting for preex-
isting trends and lead time [4]. Given 
that it is often not possible to select out 
the less clinically significant cancers 
on the basis of imaging findings, and 
given that RCTs have shown statisti-
cally significant mortality reduction, it 
is important to view overdiagnosis in 
the appropriate clinical context. That 
is, mortality reduction is present despite 
the possibility of overdiagnosis. On the 

TABLE 1: Randomized Controlled Trials of Screening Mammography

Study Age Range (y)
No. of 

Patients
Relative 

Risk

95% Confidence Limits

Lower Upper

Health Insurance Plan 40–64 60,995 0.78 0.61 1.00

Malmö 43–70 60,076 0.78 0.65 0.95

Swedish two county 40–74 133,065 0.68 0.59 0.80

Edinburgh 45–64 44,268 0.78 0.62 0.97

Stockholm 40–64 60,117 0.90 0.63 1.28

Canadian National Breast 
Screening Service 1

40–49 50,430 0.97 0.74 1.27

Canadian National Breast 
Screening Service 2

50–59 39,405 1.02 0.78 1.33

Gothenburg 39–59 51,611 0.79 0.58 1.08

Overall 0.80 0.73 0.86
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whole, the mortality reduction benefit 
of screening mammography outweighs 
the drawbacks.

Screening Modalities
Although the original RCTs were per-

formed with film-screen mammography, 
the current standard for mammogra-
phy is full-field digital mammography 
(FFDM). Because image acquisition and 
display are separated in FFDM, both fea-
tures can be optimized because contrast 
can be adjusted and display optimized. 
In 2005, the Digital Mammographic 
Screening Trial sought to quantify the 
differences in film-screen mammogra-
phy and FFDM over a 2-year period with 
a 50,000-patient enrollment [19]. The in-
vestigators concluded that digital mam-
mography was superior to film-screen 
mammography in the detection of breast 
cancer in premenopausal and perimeno-
pausal women and in women with dense 
breasts. Though breast cancer mortal-
ity was not assessed, it can be inferred 
that digital mammography may decrease 
mortality by affording earlier detec-
tion. Notably, no statistically significant 
difference in diagnostic utility was ob-
served between film-screen mammogra-
phy and FFDM in the general population 
or other subgroups. Nevertheless, digital 
mammography has additional advan-
tages, including improved access and 
transmission of images, lower average 
radiation dose, and the ease of applying 
computer-aided detection [19]. Although 
increased cost was a significant concern 
in the conversion to digital mammogra-
phy, currently more than 97% of accred-
ited mammography units in the United 
States use FFDM [20].

Although mammography is the only 
screening modality proven in RCTs to be 
associated with a decrease in breast cancer 
mortality [6], there are potential roles for 
adjunctive screening with other imaging 
modalities. Because mammographic im-
ages are 2D, both suspicious and benign 
findings can be obscured by adjacent 
structures with similar attenuation, partic-
ularly in dense breast tissue. At the same 
time, overlapping (benign) structures may 
cause pseudolesions. These phenomena 
lead to both decreased sensitivity and an 

increased rate of false-positive findings. 
Digital breast tomosynthesis (DBT) is an 
emerging technology developed to solve 
this problem by projection of multiple low-
dose x-rays through an angled arc around 
compressed breast tissue. The projections 
are reconstructed into 1-mm cross-sec-
tional slices of breast tissue, which can be 
viewed sequentially, as on a CT scan [5].

The U.S. Food and Drug Administra-
tion approved the use of tomosynthesis 
for two-view mammography in 2011. 
DBT has been found to reduce the false-
positive rate and increase the rate of de-
tection of invasive cancers [21] and the 
PPV [22]. With DBT, it may also be pos-
sible to more readily differentiate mass-
es and asymmetry, characterize mar-
gins, and detect architectural distortion. 
Concerns about DBT include increased 
radiation dose, limited perception of mi-
crocalcifications, a paucity of long-term 
data, and an increase in interpretation 
time, data requirements, and cost.

The Oslo Tomosynthesis Screening 
Trial is the largest DBT study to date, 
enrolling more than 12,000 patients. In 
the study, standard two-view FFDM im-
ages are compared with a combination 
of two-view DBT and two-view FFDM 
images [21]. The results show a 40% in-
crease in detection of invasive cancer, a 
27% increase in cancer detection rate, 
and a 15% decrease in recall rate. No in-
crease in detection of ductal carcinoma 
in situ was observed, addressing con-

cerns about the possibility of overdiag-
nosis. Not surprisingly, the interpretation 
time was twice as long with combined 
DBT and two-view FFDM [21].

The Tomosynthesis Mammographic 
Screening Trial is a randomized clinical 
screening trial underway at more than 30 
sites for 5 years. The primary aim is to 
compare tomosynthesis and digital mam-
mography with respect to numbers of ad-
vanced cancers detected. Advanced can-
cers are considered all tumors diagnosed 
at stage II or higher and all tumors larger 
than 6 mm that have markers suggesting 
they are aggressive [23]. One concern 
about the trial is that there will be no con-
trol group of unscreened women, limiting 
the assessment of breast cancer mortality.

The uses of breast ultrasound for tar-
geted evaluation of a clinical symptom 
and further evaluation of an abnormal 
mammographic finding are well estab-
lished. However, screening whole-breast 
ultrasound is not universally accepted. 
Potential indications for screening breast 
ultrasound include being at high risk and 
unable to undergo screening MRI and 
dense breast tissue screening of women 
with extremely dense (10% of women) or 
heterogeneously dense (40% of women) 
breasts [24]. The sensitivity and specifici-
ty of mammography decrease with denser 
breast tissue, going from 87% and 97% 
among women with fatty breasts (Fig. 
1) to 63% and 89%, among women with 
dense breasts [25] (Fig. 2). In addition, 

A
Fig. 1—Screening mammograms of almost entirely fatty breast.
A, Craniocaudal projection.
B, Mediolateral oblique projection.

B
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dense breast tissue has been reported to 
be associated with increased risk of de-
velopment of breast cancer [26]. Twenty-
four states have enacted breast density 
notification laws [27], which require ra-
diologists to inform patients if they have 
dense breast tissue and advising them to 
discuss these findings with their referring 
physicians. The most important limitation 
of screening breast ultrasound is its un-
acceptably high false-positive rate [28]. 
Other drawbacks include operator depen-
dence and increase in costs and time.

The American College of Radiology 
Imaging Network (ACRIN) 6666 trial 
was conducted to investigate the added 
effects of supplemental annual screen-
ing with handheld ultrasound performed 
by expert physicians in conjunction with 
screening mammography [26]. The trial 
also evaluated the effects of screening 
breast MRI in a subset of women who 
had three consecutive rounds of nega-
tive results of screening mammographic 
and ultrasound examinations. The par-

ticipants had dense breast tissue and in-
creased risk of breast cancer. Thus, there 
was no control group for assessing the 
effects on mortality, and there was no as-
sessment of women at average risk. On 
average, 4.3 additional cancers were de-
tected per 1000 women screened. How-
ever, recommendations for follow-up 
(BI-RADS category 3) and biopsy were 
also increased with decreased PPV. Fur-
thermore, the decrease in PPV persisted 
during the incident screening rounds.

Overall, ACRIN 6666 showed the num-
ber of screening examinations needed to 
detect one cancer with mammography to 
be 127, with screening ultrasound after 
negative mammographic findings to be 
234, and with screening MRI after nega-
tive results of screening mammography 
and ultrasound to be 68 [26]. During the 
screening MRI round, 14.7 additional can-
cers were found per 1000 women screened, 
approximately four times as many as for 
the addition of ultrasound to screening 
mammography. The trial investigators 

concluded that though additional cancers 
are detected with the addition of screening 
ultrasound, even more cancers are detected 
with screening MRI. Furthermore, there is 
no need for screening ultrasound if screen-
ing MRI is performed. However, either ex-
amination must be performed in conjunc-
tion with screening mammography [26]. 
In considering whether a facility should 
perform screening ultrasound, the benefits 
of additional cancer detection must be 
weighed against the drawbacks of false-
positive results and additional procedures.

MRI certainly has a role in screening, 
particularly of patients at high risk with 
BRCA mutations, a family history of breast 
cancer (lifetime risk ≥ 20%), and a history 
of mantle radiation [29]. A more complete 
discussion of screening MRI and other 
modalities, such as automated breast ul-
trasound and molecular breast imaging, is 
beyond the scope of this chapter.

Screening Mammography 
Recommendations and Controversy

Differing interpretations of the data from 
the RCTs have resulted in different screen-
ing recommendations by different orga-
nizations. A central topic of debate relates 
to the age-specific benefits of screening 
mammography and at which age screening 
should begin. The age of 50 years is often 
arbitrarily selected as the division between 
premenopausal and postmenopausal sta-
tus. Although there is improved sensitiv-
ity, specificity, PPV, and mortality reduc-
tion with increasing age, mammographic 
screening of women 40–50 years old re-
duces mortality 15% according to RCT 
results and as much as 24–29%, according 
to several other studies [30, 31]. The Ameri-
can College of Radiology [32], American 
Cancer Society [33], American College of 
Obstetricians and Gynecologists [34], and 
National Comprehensive Cancer Network 
[35] all call for routine annual screening 
beginning at the age of 40 years. The U.S. 
Preventive Services Task Force (USPSTF) 
[36] recommends routine biennial screen-
ing for women 50–74 years old.

The American College of Radiology 
offers additional recommendations for 
earlier screening mammography for popu-
lations at high risk [37]. The USPSTF, an 
independent volunteer panel in the fields 

A
Fig. 2—Screening mammograms of extremely dense breast. Mammographically occult cysts are 
present but obscured by dense tissue.
A, Craniocaudal projection.
B, Mediolateral oblique projection.

B
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of preventive medicine and primary care, 
most recently issued a C grade for screen-
ing mammography before the age of 50 
years [38]. A C grade suggests that there 
is at least moderate uncertainty that the net 
benefit is small [39]. The task force there-
fore recommends that the decision about 
screening before the age of 50 years “be an 
individual one and take patient context into 
account, including the patient’s values re-
garding specific benefits and harms” [36].

The task force recommendations not 
to start routine screening until age 50 has 
drawn considerable criticism from experts 
in different organizations. Of note, a C rec-
ommendation by the USPSTF may result 
in denial of insurance coverage, limiting 
access to screening for women younger 
than 50 years, even if the woman wants 
to undergo screening after considering her 
personal values regarding specific ben-
efits and harms. The conclusions of the 
USPSTF may be flawed because of ques-
tionable data analysis techniques, including 
observational modeling and meta-analyses 
of the RCTs—which tend to underestimate 
the benefit of screening of younger patients 
and overestimate the drawbacks associated 
with screening [4]—and overreliance on 
potentially flawed studies such as the CN-
BSS [2]. Notably, no radiologists, oncolo-
gists, surgeons, or pathologists are part of 
the task force [40]. It has been estimated 
that considerably fewer lives would be 
saved if the USPSTF guidelines were fol-
lowed [41]. As the breast cancer screening 
debate continues, it remains paramount for 
radiologists to remain experts on the sub-
ject and to educate patients about the bene-
fits and drawbacks of breast cancer screen-
ing so that they are able to make informed 
decisions about their care.
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