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regimen to monitor for recurrence and sec-
ond primary breast cancers (second breast 
cancers)? What factors should be considered 
to determine this management?

Background and Importance
Early breast cancer detection and advanc-

es in treatment have improved patient survival 
[1–8]. Consequently, the breast cancer mortal-
ity rate has declined by 36% from peak rates 
in the 1990s [9] with an estimated 1.9% annu-
al decrease between 2003 and 2012 [10]. The 
corresponding number of breast cancer sur-
vivors has increased over time, with over 3.1 
million women survivors living in the Unit-
ed States as of January 2014 [11]. According 
to data from the Breast Cancer Surveillance 
Consortium, approximately 8% of women un-
dergoing a screening mammogram had a per-
sonal history of breast cancer [12]. Prima-
ry surgical breast cancer treatment includes 
breast conservation therapy or mastectomy. 
These women continue to be at risk of sec-
ond breast cancers—that is, local breast can-
cer recurrence or contralateral breast cancer—
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Clinical Vignette
A 59-year-old, postmenopausal woman 

presents to your imaging clinic after having 
completed lumpectomy and radiation therapy 
for her T1N0 right breast cancer. She is cur-
rently undergoing adjuvant hormonal therapy 
with an aromatase inhibitor. Her breast cancer 
was diagnosed on a screening mammogram, 
which showed scattered fibroglandular densi-
ties and a mass in the upper outer quadrant 
of her right breast. Her primary cancer was 
a 12-mm grade 1 invasive ductal carcinoma. 
The tumor was positive for estrogen recep-
tor (ER) and progesterone receptor (PR) and 
negative for human epidermal growth factor 
receptor 2 (HER2; also known as HER2/neu 
and ERB-B2) by immunohistochemistry, with 
a Ki-67 proliferation rate of 3%. She has no 
significant family history of cancer. 

Imaging Questions
For patients with a personal history of 

sporadic breast cancer treated with breast 
conservation therapy or unilateral mastecto-
my, what is the best imaging modality and 
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OBJECTIVE. Current clinical guidelines are consistent in supporting annual mammog-
raphy for women after treatment of primary breast cancer. Surveillance imaging beyond stan-
dard digital mammography, including digital breast tomosynthesis (DBT), breast ultrasound, 
and MRI, may improve outcomes. This article reviews the evidence on the performance and 
effectiveness of breast imaging modalities available for surveillance after treatment of spo-
radic unilateral primary breast cancer and identifies additional factors to be considered when 
selecting an imaging surveillance regimen. 

CONCLUSION. Evidence review supports the use of mammography for surveillance 
after primary breast cancer treatment. Variability exists in guideline recommendations for 
surveillance initiation, interval, and cessation. DBT offers the most promise as a potential 
modality to replace standard digital mammography as a front-line surveillance test; a single 
published study to date has shown a significant decrease in recall rates compared with stan-
dard digital mammography alone. Most guidelines do not support the use of whole-breast 
ultrasound in breast cancer surveillance, and further studies are needed to define the char-
acteristics of women who may benefit from MRI surveillance. The emerging evidence about 
surveillance imaging outcomes suggests that additional factors, including patient and imag-
ing characteristics, tumor biology and gene expression profile, and choice of treatment, war-
rant consideration in selecting personalized posttreatment imaging surveillance regimens. 
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which are associated with increased rates of 
distant metastasis and breast cancer mortality 
[13, 14]. The aim of surveillance in patients 
after primary breast cancer treatment is to de-
tect second breast cancers before symptoms 
develop, which allows interventions that per-
mit improved survival and quality of life [15].

Current guidelines support the use of 
mammography for breast cancer surveil-
lance after treatment of women breast can-
cer [16–22] and do not apply to women who 
have undergone bilateral mastectomy, who 
have minimal residual breast tissue at risk. 
These guidelines factor in evidence from 
randomized controlled trials showing the ef-
fectiveness of screening mammography for 
reducing breast cancer mortality in the gen-

eral population [4, 5], as well as observa-
tional mammography studies conducted in 
the surveillance setting [15, 23, 24]. In ad-
dition to standard digital mammography, ad-
ditional imaging modalities such as digital 
breast tomosynthesis (DBT), whole-breast 
ultrasound, and breast MRI are available for 
breast cancer screening and surveillance. In 
this article, we review the available evidence 
for each breast imaging modality and addi-
tional factors to consider when making sur-
veillance management decisions.

Synopsis and Synthesis of Evidence
To date, to our knowledge, there have 

been no randomized controlled trials com-
paring different imaging modalities and fre-

quency of imaging for breast cancer surveil-
lance of patients after primary breast cancer 
treatment. The evidence regarding the effec-
tiveness of available imaging modalities for 
posttreatment breast cancer surveillance var-
ies across modalities.

Mammography
Mammography continues to be the im-

aging mainstay for breast cancer screening, 
on the basis of randomized controlled trials 
showing significant reductions in breast can-
cer mortality for women ages 40–74 years [4, 
5]. The benefit of surveillance mammography 
is generalized from these trials and from ob-
servational studies evaluating mammography 
in the surveillance setting [15, 23–25]. For 

TABLE 1: Evidence-Based Guidelines for Imaging Surveillance After Treatment of Primary Breast Cancer

Organization, Imaging Modality Routine Imaging Surveillance Recommendation

American Cancer Society and American Society of Clinical Oncology (ASCO), 2015 
[16]: general survivorship guidelines after primary breast cancer treatment

Mammography Initiation, not specified; frequency, annual

Breast MRI If patient meets high-risk criteria (> 20% lifetime risk for primary cancer 
per American Cancer Society guidelines)

Ultrasound Not specified

ASCO, 2013 [17]: women who have undergone breast-conserving surgery and 
chemotherapy

Mammography Initiation, 1 year after initial mammogram and at least 6 months after 
completion of radiation therapy; frequency, annual

Breast MRI Not recommended

Ultrasound Not specified

National Comprehensive Cancer Network (NCCN), 2016 [18]

Mammography Initiation, 6–12 months after completion of radiation therapy; frequency, 
annual

Breast MRI Not specified

Ultrasound Not specified

American College of Radiology (ACR), 2014 [19]: stage I breast cancer after 
breast-conserving therapy

Mammography Initiation and frequency per local institutional protocol

Breast MRI Based on risk assessment

Ultrasound Based on risk assessment if breast MRI is contraindicated

European Society for Medical Oncology (ESMO), 2015 [21]: women with personal 
history of breast cancer

Mammography Initiation, not specified; frequency, annual

Breast MRI May be indicated for young patients with dense breasts and genetic or 
family history

Ultrasound Annual

National Institute for Health and Care Excellence (United Kingdom), 2014 [22]

Mammography Initiation, not specified; frequency, annual mammography for the first 5 
years after breast cancer therapy, then based on patient risk category

Breast MRI Not recommended

Ultrasound Not recommended

Note—This table is modified from Lee and Houssami [112] with permission from Elsevier.

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 5

8.
11

0.
23

4.
12

6 
on

 1
1/

24
/2

1 
fr

om
 I

P 
ad

dr
es

s 
58

.1
10

.2
34

.1
26

. C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



678	 AJR:208, March 2017

Lam et al.

patients with a personal history of breast can-
cer undergoing mammographic surveillance, 
decreased mortality is associated with ear-
lier detection of second breast cancers. This 
is true across different observational study 
designs: mammographic versus clinical de-
tection, asymptomatic versus symptomatic 
presentation, or routine versus nonroutine fol-
low-up [26]. A meta-analysis of the survival 
effect of early second breast cancer detection 
estimated an absolute breast cancer mortal-
ity reduction of 17–28% if the recurrence was 
found by surveillance mammography versus 
clinical detection [15]. The largest observa-
tional study of asymptomatic versus symp-
tomatic detection of second breast cancers 
showed a hazard ratio for mortality of 0.53–
0.73 for asymptomatic detection, after adjust-
ing for length time bias [23].

All organizations issuing surveillance 
guidelines recommend mammography [16–
19, 21, 22] (Table 1). Although there is con-
sistency in the support of mammography as a 
surveillance modality, there is heterogeneity 
in the recommendations for the time of initi-
ation, frequency, or cessation of mammogra-
phy surveillance. A survey of breast surgeons 
and radiologists within the United Kingdom 
showed a wide variation in the time of ini-
tiation (i.e., 6–24 months after surgery) and 
frequency (annually, every 18 months, ev-
ery 2–3 years, or annually for 5 years and 
then biennially) of surveillance mammogra-
phy. The most common practice was annual 
mammography starting 12 months after sur-
gery [27]. Support for a shorter surveillance 
interval, in particular semiannual surveil-
lance, is based on the majority of in-breast 
recurrence events being observed within the 
first 5 years of treatment [8, 28, 29], and also 
observational evidence that semiannual fol-
low-up may detect a higher proportion of 
cancer recurrences at an earlier stage than 
annual surveillance [30]. However, a more 
frequent surveillance regimen for the entire 
population of women treated for early-stage 
breast cancer may not be of benefit. Kokko et 
al. [31] compared diagnostic testing at 3- ver-
sus 6-month intervals in women treated for 
early-stage breast cancer. Additional arms 
of the trial compared routine testing versus 
testing only when clinically indicated. The 
study indicated that more intensive surveil-
lance (either at increased frequency or with 
an increased number of tests) increased costs 
but did not improve patient overall survival.

Houssami et al. [32] evaluated the test per-
formance characteristics of 58,870 mam-

mograms in a cohort of 19,078 women and 
found that the sensitivity of mammography 
was lower in women with a history of breast 
cancer compared with those without this his-
tory, with a sensitivity of 65.4% (95% CI, 
61.5–69.0%) versus 76.5% (95% CI, 71.7–
80.7%), respectively, even as the underlying 
cancer detection rate in women with prior 
breast cancer was significantly higher: 6.8 
versus 4.4 per 1000 mammograms, respec-
tively (p  < 0.001). The time from primary 
breast cancer treatment also influenced can-
cer detection, with mammographic sensitiv-
ity lower within the initial 5 years (60.2%) 
compared with more than 5 years (70.8%) af-
ter primary breast cancer treatment.

Risk factors for the development of in-
terval invasive second breast cancers with-
in 1 year after negative surveillance mam-
mography and within 5 years after primary 
breast cancer treatment have also been stud-
ied. Lumpectomy without radiation therapy 
and mammographically dense breasts were 
significant predictors of interval invasive sec-
ond breast cancers within 1 and 5 years af-
ter surveillance mammography [33, 34]. Age 
at primary breast cancer diagnosis younger 
than 40 years was significant at 1 year but 
not within 5 years after treatment, which is 
attributable to fewer younger (<  40 years) 
and older (> 80 years) women in the dataset 
with longer follow-up. Primary breast cancer 
grade and mode of detection were also iden-
tified as significant predictors within 5 years 
of surveillance mammography [34].

These studies have identified factors 
known at the time of primary breast cancer 
diagnosis and treatment that predict an ad-
verse surveillance outcome. In particular, 
evidence that interval presentation of a pri-
mary breast cancer after a negative screen-
ing mammogram predicts subsequent inter-
val invasive second breast cancer suggests 
that the mode of detection may be important 
in imaging modality selection for posttreat-
ment surveillance [34]. Additional research 
is warranted to tailor imaging (single or mul-
tiple modalities) to individual women’s char-
acteristics, risks, and preferences.

Digital Breast Tomosynthesis
Digital breast tomosynthesis (DBT) ac-

quires mammographic projections at differ-
ent angles in an arc over the breast, which are 
reconstructed to create multiple thin images 
through the breast. This technology was de-
signed to eliminate overlapping breast tissue, 
which may either mimic or obscure breast 

cancer on standard mammography, and to 
increase conspicuity of true lesions [35] and 
is poised to replace mammography as the 
front-line imaging modality for breast can-
cer screening and surveillance.

Early reports of DBT for routine breast 
cancer screening in Europe and the United 
States have shown its potential to decrease re-
call rates by 13–48%, increase cancer detec-
tion rates (0.5–2.7 cancers per 1000 screening 
examinations), or both, compared with digital 
mammography alone [36–40]. The Oslo To-
mosynthesis Screening Trial [37] was a pro-
spective study comparing full-field digital 
mammography (FFDM) alone versus FFDM 
and DBT. The addition of DBT increased the 
cancer detection rate from 6.1 to 8.0 cancers 
per 1000 examinations, with an associated 
decrease in false-positive examinations from 
61.1 to 53.1 false-positives per 1000 examina-
tions [37]. The Screening with Tomosynthe-
sis OR standard Mammography trial in Italy 
[36] also compared FFDM alone with FFDM 
and DBT. The addition of DBT increased the 
cancer detection rate from 5.3 to 8.1 cancers 
per 1000 examinations and reduced false-
positive recalls from 19.5 to 10.1 recalls per 
1000 examinations [36]. The largest multisite 
retrospective observational trial in the Unit-
ed States showed that the addition of DBT to 
FFDM increased the cancer detection rate 
from 4.2 to 5.4 cancers per 1000 examina-
tions and decreased the recall rate from 107 
to 91 recalls per 1000 examinations [38]. The 
sensitivity of DBT has yet to be reported be-
cause of the longer follow-up time required, 
and whether the cancer detection rates seen 
at prevalence DBT screening will continue as 
incidence screening commences has not yet 
been established [41].

Regarding the sustainability of DBT out-
comes, two studies published to date have 
reported results for prevalence versus in-
cidence screening of DBT. In one study 
[42], over a 3-year period DBT recall rates 
at the population level remained statistical-
ly significantly lower than those for digi-
tal mammography alone, with recall rates 
of 88, 90, and 92 cancers per 1000 women 
screened for the first 3 years of DBT, respec-
tively, versus a recall rate of 104 recalls per 
1000 women screened with FFDM alone. A 
nonsignificant trend of increasing cancer de-
tection rate over time was noted, from 5.5 at 
the prevalence screening examination to 6.1 
cancers per 1000 women in year 3 of DBT 
[42]. A prospective trial conducted within a 
European screening program [43] reported a 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 5

8.
11

0.
23

4.
12

6 
on

 1
1/

24
/2

1 
fr

om
 I

P 
ad

dr
es

s 
58

.1
10

.2
34

.1
26

. C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:208, March 2017	 679

Surveillance After Breast Cancer Treatment

significantly increased cancer detection rate 
for women screened with both FFDM and 
DBT compared with FFDM alone (6.3 vs 8.5 
cancers per 1000 women, respectively). How-
ever, for the subset of women undergoing in-
cidence screening with combination FFDM 
and DBT (1771/9672; 18%), the incremental 
increase in cancer detection rate compared 
with FFDM alone was not significant [43].

A single study of DBT for surveillance 
published to date included 618 women with 
a personal history of breast cancer treated 
with lumpectomy with or without radiation 
or mastectomy [44]. Patient characteristics, 
including age, initial tumor characteristics, 
and time from cancer diagnosis, were not re-
ported. The addition of DBT to FFDM re-
duced recall rates from 131 to 105 recalls per 
1000 screening examinations (p  = 0.018), 
suggesting that the decrease in recall rates 
seen in general screening may be extended 
to the surveillance setting. Further research 
is needed to evaluate whether DBT use will 
improve longer-term outcomes for women 
with treated breast cancer.

Breast MRI
Breast MRI takes advantage of tumor 

neovascularity to identify cancers with in-
travenous contrast agents. As invasive breast 
cancers develop, their demand for oxygen 
and nutrients exceeds that available from 
the normal blood supply of breast parenchy-
ma. These cancers stimulate the release of 
growth factors that promote the formation of 
new blood vessels in the peritumoral stro-
ma, a process referred to as neoangiogenesis 
[45]. Breast cancer detection with contrast-

enhanced breast MRI is based on uptake of 
contrast agents by these new and abnormal 
blood vessels. Consequently, breast MRI is 
not limited by mammographic breast densi-
ty. MRI has no role in surveillance of wom-
en treated with bilateral mastectomies.

Studies of breast MRI in women with in-
creased genetic or familial risk of breast can-
cer have shown a high sensitivity for detect-
ing breast cancer, ranging from 71% to 100% 
[46]. In a meta-analysis of 11 studies eval-
uating the use of MRI in screening high-
risk women, for a positivity threshold of 
a BI-RADS category 3, 4, or 5 lesion, sen-
sitivity and specificity were 77% (95% CI, 
70–84%) and 86% (95% CI, 81–92%), re-
spectively. With a positivity threshold of 
BI-RADS category 4 or 5 lesions, the sensi-
tivity and specificity were 75% (95% CI, 62–
88%) and 96% (95% CI, 95–97%), respec-
tively [47]. These studies included women 
with high familial and genetic breast cancer 
risk factors; nine of the 11 studies included 
women with a personal history of breast can-
cer in the setting of genetic predisposition. 
Women with nonhereditary sporadic breast 
cancers were excluded. The current evidence 
for breast MRI surveillance of patients with 
a personal history of sporadic breast cancer 
is based on relatively small single-institution 
retrospective studies [48–54] and is summa-
rized in Table 2. The largest of these stud-
ies, by Lehman et al. [52], showed that breast 
MRI in patients with a personal history of 
cancer had sensitivity and cancer detection 
rate similar to those for patients with a genet-
ic or family history of breast cancer, with a 
lower false-positive rate. The range of cancer 

detection rates across these studies of MRI 
surveillance may be attributed in part to the 
differential selection and small number of 
women in these surveillance cohorts. Addi-
tional research studies of MRI performance 
and outcomes in women with a personal his-
tory of sporadic breast cancer are needed.

Whole-Breast Ultrasound
Breast ultrasound has traditionally been 

used to aid in the evaluation of palpable 
breast abnormalities in the diagnostic set-
ting, as well as the evaluation of masses seen 
on mammography. More recently, whole-
breast ultrasound, performed either using 
handheld ultrasound or an automated whole-
breast ultrasound device, is considered an 
appropriate supplemental screening exam-
ination for women who are at high risk for 
developing breast cancer and cannot under-
go breast MRI [55]. To our knowledge, there 
have been no studies of automated whole-
breast ultrasound for surveillance of women 
after breast conservation therapy.

A recent systematic review identified 12 
screening ultrasound studies since 2000 in 
women with dense breast tissue [56]. Al-
though the proportion of patients with a per-
sonal history of breast cancer varied in these 
studies from 6% to 53%, only one study spe-
cifically reported the results of these wom-
en as a separate subgroup [57]. This was the 
American College of Radiology Imaging 
Network 6666 study, which evaluated the 
combination of mammography and handheld 
ultrasound compared with mammography 
alone in women with dense breasts and ad-
ditional risk factors, including personal his-

TABLE 2: Breast MRI Surveillance in Women With a Personal History of Breast Cancer

Reference Year

No. of Women With 
Personal History of 

Breast Cancer
Age (y), Mean 

(Range) No. of MRI Examinations

No. of  
MRI-Detected 

Cancers

Cancer Detection Rate  
(No. of Cancers/1000 

Examinations)

Elmore and Margenthaler [49] 2010 141a 51 (24–73) 202 2 9.9

Brennan et al. [48] 2010 144 49 (22–73) NR (1–11 examinations/woman) 18b 10.6c

Schacht et al. [53] 2014 208 52 (NR) NR 6 28.8c

Gweon et al. [51] 2014 607 48d (20–72) 932 13 13.9e

Giess et al. [50] 2015 691f 52d (26–86) 1194 12 10.1

Weinstock et al. [54] 2015 249 46d (25–64) 571 11 19.3

Lehman et al. [52] 2016 915 NR (< 40 to ≥ 70) 915 18 19.7

Note—NR = not reported.
aIncludes eight women with known genetic mutation.
bIncludes one woman with two metachronous cancers.
cNumber of cancers per 1000 women, because the number of examinations was not reported.
dMedian age.
eCancer detection rate over three rounds of surveillance. Cancer detection rate for first round was 11/607, or 18.1 per 1000 examinations.
fIncludes 172 women with additional family history of breast cancer.
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tory of breast cancer, lifetime risk of 25% or 
higher by the Gail or Claus models, 5-year 
Gail model risk of 2.5% or higher, known 
BRCA gene mutation, atypia on prior biopsy, 
or prior chest, mediastinal, or axillary irradi-
ation [57, 58]. In that study, 53% of the wom-
en studied had a personal history of breast 
cancer. The cancer detection rate for mam-
mography alone was 7.6 cancers per 1000 
examinations for the first screening round, 
whereas the combination of mammography 
and handheld ultrasound detected an addi-
tional 5.3 cancers per 1000 examinations. Of 
note, women with a personal history of breast 
cancer had a similar incremental cancer de-
tection rate for combination of mammogra-
phy and handheld ultrasound compared with 
those without this history. Nonetheless, there 
was a 2.3-fold increase in recalls and 4.2-
fold increase in the number of breast biop-
sies for the patients in the combination mam-
mography and handheld ultrasound arm. The 
cancer yield overall was 8.6% for handheld 
ultrasound, signifying that over 90% of the 
biopsies were performed for benign lesions. 
For women with a personal history of breast 
cancer who had lesions biopsied because of 
an ultrasound-only finding, the cancer yield 
was higher (15.3%) and was still lower than 
the mammography benchmark of 31.0% [59].

The only randomized controlled trial of 
screening ultrasound conducted to date was 
performed in Japanese women 40–49 years 
old and excluded those with a personal his-
tory of breast cancer. Their results indicat-
ed that screening adjunct whole-breast ul-
trasound had a higher sensitivity of 91.1% 
versus 77.0% for mammography alone. In-

creased sensitivity was also associated with 
significantly lower specificity of 87.7% ver-
sus 91.4% [60]. Although handheld ultra-
sound may increase the number of cancers 
detected, the substantially higher number of 
false-positive findings offset its benefits and 
may outweigh them.

The Adjunct Screening With DBT or 
Handheld Ultrasound in Mammography 
Negative Dense Breast trial in Italy [61] 
showed that handheld ultrasound had a higher 
incremental cancer detection rate of 7.1 can-
cers per 1000 screening examinations versus 
4.0 cancers per 1000 screening examinations 
with DBT, with no significant difference be-
tween false-positive recalls from screening or 
biopsy between the two modalities. Of note, 
patients with a personal history of breast can-
cer were excluded from this study. In addi-
tion, the screening ultrasound cases were a 
mix of prevalence and incidence screening 
with radiologists who had expertise in whole-
breast ultrasound screening, compared with 
prevalence DBT screening [61].

Operator dependency for handheld ultra-
sound and length of acquisition time are ad-
ditional considerations for this imaging mo-
dality as a screening examination [56, 62, 
63]. An evaluation of lesion detection by 64 
potential investigators of the American Col-
lege of Radiology Imaging Network 6666 
trial showed that detection was more consis-
tent for lesions at least 5 mm in size, with 
decreased detection with increasing lesion 
depth [64]. A separate study of handheld ul-
trasound in 10 women with numerous known 
breast lesions also supports that larger le-
sions (>  11 mm) are more consistently de-

tected; overall sensitivity was 55% (536 de-
tections of 968 potential lesions). Once the 
lesions were identified, there was substantial 
agreement for shape and margins of solid le-
sions (κ  = 0.62 and 0.67, respectively) with 
moderate agreement (κ = 0.52) for the final 
BI-RADS assessment, comparable to those 
for mammography and MRI. The average 
time to complete the examination for the 11 
breast radiologists trained in handheld ultra-
sound was 31 minutes [65].

Other Imaging Modalities
Other imaging modalities available for 

breast cancer screening include contrast-
enhanced spectral mammography, positron 
emission mammography, and gamma im-
aging, including molecular breast imaging 
or breast-specific gamma imaging. To our 
knowledge, no studies to date have evaluated 
these imaging modalities for posttreatment 
imaging surveillance of women with a per-
sonal history of breast cancer, and there is in-
sufficient evidence to support their use.

Guidelines for metastatic disease evalu-
ation are consistent in their recommenda-
tions. In the United States, guidelines from 
the Choosing Wisely initiative of the Ameri-
can Board of Internal Medicine Foundation, 
American Cancer Society and American 
Society of Clinical Oncology, and Nation-
al Comprehensive Cancer Network recom-
mend against advanced imaging (e.g., PET, 
PET/CT, or radionuclide bone scan) or cir-
culating biomarker testing to monitor for re-
currence in patients without symptoms who 
have been treated for breast cancer with cu-
rative intent [66]. Internationally, multiple or-

TABLE 3: Major Breast Cancer Molecular Subtypes

Subtypea

Hormone Receptors and Genes

Clinical AssociationsER and PR HER2 Proliferationb

Luminal A High expression Low expression Low expression Frequency, 50–60%; prognosis, favorable; 
grade, low to intermediate

Luminal B High expression High expression Low expression Frequency, 10–20%; prognosis, intermediate to 
poor; grade, intermediate to highHigh expression Low expression High expression

HER2 enriched (nonluminal HER2) Low expression High expression Any Frequency, 10–15%; prognosis, traditionally 
poor before HER2-targeted therapies and 
variable after HER2-targeted therapies; 
grade, high

Basal (high expression of basal 
cytokeratin)

Low expression Low expression High expression Frequency, 10–20%; Prognosis, poor; grade, 
high; associated with BRCA1 mutation 
carriers

Note—ER = estrogen receptor, PR = progesterone receptor, HER2 = human epidermal growth factor receptor 2.
aOther subtypes (normal breast–like, claudin-low, and molecular apocrine) are not included in this table.
bProliferation genes include Ki-67 and epidermal growth factor receptor.
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ganizations [20–22] also recommend against 
additional imaging to evaluate for metastatic 
disease. These recommendations are based 
on randomized trials that showed no surviv-
al benefits in screening for metastasis in the 
population without symptoms. Specifically, 
routine use of imaging such as a chest radio-
graph, a bone scan, or abdominal ultrasound 
in patients without symptoms had no surviv-
al benefit for patients [32, 67–69].

Breast Cancer Subtype and Imaging 
Characteristics

Conventional pathologic features of breast 
cancer, such as tumor size, histologic grade, 
and lymph node status, have helped direct 
treatment and predict patient outcomes. The 
ability to classify breast cancer according to 
the expression of hormone receptors (ER, PR, 
and HER2) has also led the way toward tar-
geted therapies against these receptors. Fur-
thermore, with gene expression profile anal-
ysis (also known as molecular subtyping), 
breast cancer development and progression 
are now recognized to have multiple path-
ways regulated by expression of different 
genes with varying clinical manifestations.

There were originally four major breast 
cancer subtypes identified, each with its own 
clinical behavior, imaging appearance, and 
response to therapy [70–74] (Table 3). Sub-
sequently as more-robust DNA microar-
rays have been developed and larger clinical 
datasets are available, at least eight molecu-
lar subtypes have now been described: lumi-
nal A, luminal B, luminal C, basal, HER2-
enriched (or ERB-B2 positive), normal 
breast–like, claudin-low, and molecular apo-
crine [73, 75–77]. The clinical significance 
of some of these newer subgroups, such as 
claudin-low, has yet to be determined. Fur-
thermore, a new hormone receptor, andro-
gen receptor, may play a role in differenti-
ating these newer subtypes [73]. However, 
in current clinical practice, the critical issue 
is not the separation of genetically distinct 
subtypes but rather the discrimination be-
tween patients who will or will not benefit 
from specific therapies. Consequently, some 
studies define luminal B as ER- and PR-pos-
itive with either HER2-positive or high pro-
liferation. Other studies separate luminal B 
into two subtypes: luminal B (HER2 nega-
tive with high proliferation) versus lumi-
nal HER2 (HER2 positive with any level of 
proliferation) because patients in these two 
groups will receive different targeted treat-
ment regimens.

Because molecular subtyping is not rou-
tinely performed in the clinical setting and 
definitions of subtype have varied across 
studies [78–83], the imaging appearance of 
each distinct subtype is not well character-
ized at the present time [74]. Immunohisto-
chemical classification of tumor phenotype 
has also been used as a surrogate for molec-
ular subtype, with imaging studies focusing 
on the original four breast cancer subtypes 
(luminal A, luminal B, HER2-enriched, and 
basal). In particular, the luminal A and lu-
minal B molecular subtypes are approximat-
ed by ER- and PR-positive HER2-negative 
cancers with varying levels of proliferative 
markers; HER2-enriched with HER2-posi-
tive cancers, stratified by hormone receptor 
status; and basal subtype with triple-negative 
cancers [83]. Although most triple-negative 
breast cancers are the basal subtype, approx-
imately 25% are not [84].

Trop et al. [74] reviewed the imaging char-
acteristics of the different molecular subtypes 
in invasive breast cancers. In their review, the 
luminal A and luminal B subtypes (described 
as ER-positive HER2-negative cancers) often 
appear as masses with or without calcifica-
tions on mammography [74, 85]. It is impor-
tant to note that microcalcifications are pres-
ent in the majority of breast cancers (both 
luminal and nonluminal) with the exception 
of the basal or triple-negative type and should 
not be used to distinguish different molecular 
subtypes. On ultrasound, HER2-negative tu-
mors present more often as masses compared 
with HER2-enriched or HER2-positive tu-
mors, which were more frequently nonmass 
lesions [85]. ER-positive HER2-negative 
breast cancers more often have associated 
segmental nonmass enhancement on MRI, 
likely reflecting associated ductal carcinoma 
in situ compared with basal, or triple-nega-
tive, cancers [79, 85, 86].

Basal subtype, or triple-negative, tumors 
are associated with interval breast cancer di-
agnosis (with a clinical abnormality) after a 
negative screening mammogram [87–91]. On 
imaging, these tumors usually appear as ir-
regularly shaped masses with noncircum-
scribed margins. Sonographically, triple-
negative tumors can have benign features, 
including an oval shape, circumscribed mar-
gins, with marked hypoechogenicity [74, 85, 
91–93], which are also features associated 
with high-grade cancers in general [94]. Al-
though irregular margins also are commonly 
seen in these types of tumors, circumscribed 
margins are thought to be more specific for 

triple-negative tumors [79, 75]. In high-risk 
patients, particularly those with BRCA1 mu-
tations, triple-negative tumors may look sim-
ilar to fibroadenomas on ultrasound [96]. 
Similarly, on MRI, triple-negative tumors 
typically present as unifocal lesions with 
a round or oval shape and high T2 internal 
signal intensity, reflecting high grade and 
proliferation and associated necrosis.

In the context of surveillance for breast 
cancer recurrence, subtype is associated with 
local and regional relapse [80, 81, 97]. In a 
study of 2985 women, 42% of whom under-
went breast conservation treatment with ra-
diation, those with luminal A breast cancers 
had the lowest local recurrence rate (8% at 10 
years), whereas women with HER2-enriched 
subtype had significantly higher 10-year lo-
cal recurrence rates (21%). Of note, none of 
the patients in that study received HER2-tar-
geted chemotherapy agents [80]. In a separate 
study of women with invasive breast cancer 
treated with lumpectomy and radiation thera-
py, the local recurrence rates at 5 years varied 
significantly depending on subtype, with lu-
minal A having the best prognosis and HER2-
enriched and triple-negative subtypes having 
the worst prognosis [81]. Mammographical-
ly occult primary breast cancer diagnosis is 
associated with both basal subtype and with 
subsequent interval presentation of relapse af-
ter negative mammography, with a lower dis-
ease-free survival rate at 10 years [98].

In addition to local recurrence, breast can-
cer subtype is also associated with the de-
velopment and pattern of distant metastasis, 
with luminal B and basal subtypes associat-
ed with increased rate of distant metastasis at 
5 years compared with luminal A, luminal-
HER2, HER2-enriched, and triple-negative 
subtypes [99]. Bone is the most common site 
of metastasis in all subtypes except for basal 
tumors, where there are higher rates of brain, 
lung, and distant nodal metastasis [100]. 
The timing of recurrence also differed, with 
nonluminal subtypes experiencing relapse 
within the first 5 years after primary breast 
cancer treatment, and luminal subtypes re-
lapsing beyond this period, up to 15 years af-
ter treatment.

Evidence-Based Guidelines
Current clinical guidelines for imaging 

surveillance after primary breast cancer treat-
ment are summarized in Table 1. These guide-
lines are from the leading medical oncologic 
organizations in the United States (American 
Society of Clinical Oncology and National 
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Comprehensive Cancer Network) and in Eu-
rope (European Society for Medical Oncolo-
gy), as well as the national agency providing 
guidance on quality standards, technology ap-
praisals, and clinical pathways in the United 
Kingdom (National Institute for Health and 
Care Excellence). Recommendations from the 
American Cancer Society and the American 
College of Radiology are also included.

These guidelines are consistent in rec-
ommendations for at least annual surveil-
lance mammography to evaluate for local 
recurrence or contralateral breast cancers. 
The timing of initiation for mammographic 
surveillance after breast conservation treat-
ment is less clearly defined. Both American 
Society of Clinical Oncology and National 
Comprehensive Cancer Network guidelines 
recommend the first posttreatment mam-
mogram no earlier than 6 months after de-
finitive radiation therapy [17, 18]; it is not 
otherwise mentioned in other guidelines. 
Guidelines supporting consideration of a 
more frequent semiannual surveillance in-
terval also support a return to routine an-
nual surveillance either after 2 years [20] or 
when “mammographic findings are stable” 
[17]. The American College of Radiology 
notes that “frequency of imaging may vary 
by institution, based on local protocol” [19]. 
The decision on when to end surveillance 
mammography is also not presented in most 
guidelines. The National Institute for Health 
and Care Excellence in the United Kingdom 
[22] recommends risk stratification for sur-
veillance mammography beyond the first 5 
years of primary breast cancer treatment. 
The American Cancer Society supports the 
cessation of screening mammography in the 
general population if the patient has less 
than a 10-year life expectancy [101].

Although DBT has recently been added as a 
modality to consider for screening mammog-
raphy in the National Comprehensive Cancer 
Network guidelines [102], it is not discussed 
separately from mammography in any current 
guidelines for breast cancer surveillance. The 
guidelines do not support the use of breast 
ultrasound for supplemental surveillance in 
women, except for the European Society for 
Medical Oncology [21], which recommends 
annual mammography with ultrasound. Rou-
tine MRI surveillance is also not recommend-
ed; however, breast MRI is supported for 
supplemental screening for women with a life-
time risk of breast cancer greater than 20%, 
with use of familial risk assessment models, 
and selectively in women with a personal his-

tory of sporadic breast cancer, after risk as-
sessment [16, 19–21].

The use of additional imaging studies, 
such as chest x-ray, bone scan, liver ultra-
sound, nonbreast MRI, PET/CT, or tumor 
markers, to evaluate for recurrent or meta-
static disease is not recommended in any of 
the guidelines.

Considerations for Further Research
As health care shifts from volume-based 

care to value-based care, risk-based surveil-
lance of breast cancer survivors offers the 
potential to optimize the balance of bene-
fits and harms by tailoring surveillance regi-
mens to a woman’s individual second breast 
cancer risk. As discussed above, some of 
these individual risk factors have been iden-
tified and relate to a woman’s clinical, tumor, 
imaging, and treatment characteristics. Im-
provements in our understanding of tumor 
biology with the use of DNA microarrays for 
molecular subtyping suggest additional im-
portant factors worth considering in creating 
tailored surveillance imaging plans.

Further evaluation of patient characteris-
tics (age, clinical presentation, and mammo-
graphic breast density), primary tumor char-
acteristics (histologic grade and molecular 
subtypes), and how these aspects relate to sec-
ond breast cancer risk and imaging detection 
is needed. Improved understanding of these 
factors can potentially guide the development 
and selection of more patient-specific surveil-
lance regimens, such as a more-frequent inter-
val surveillance for those at increased risk for 
interval cancers [30] or with a supplemental 
modality like breast MRI [48, 50–53] or ultra-
sound [57, 58]. Evaluation of the comparative 
effectiveness of multimodality surveillance 
regimens will also be needed.

Given the evolving paradigms of breast 
cancer treatment, conducting prospective 
trials with large enough sample sizes to eval-
uate meaningful outcomes in breast cancer 
survivors is challenging. Large-scale ob-
servational databases such as the National 
Cancer Institute–funded Breast Cancer Sur-
veillance Consortium offer resources to ad-
dress this challenge [103]. The Breast Can-
cer Surveillance Consortium is composed 
of six regional registries that collect data on 
patient demographics, clinical risk factors, 
breast imaging examinations (mammog-
raphy, DBT, ultrasound, and MRI) and re-
sults. The data are linked to regional Sur-
veillance, Epidemiology, and End Results 
programs or state tumor registries to deter-

mine breast cancer outcomes. Data on breast 
cancer recurrence are supplemented with bi-
opsy and pathology data from Breast Can-
cer Surveillance Consortium facilities. Pri-
or Breast Cancer Surveillance Consortium 
studies have provided the evidence basis 
for the American College of Radiology’s 
BI-RADS performance benchmarks for 
breast imaging [59], as well as the Ameri-
can Cancer Society’s 2015 guidelines for 
screening mammography [104]. The Na-
tional Mammography Database, originally 
designed as a quality improvement tool by 
the American College of Radiology as part 
of the National Radiology Data Registry, is 
also a potential source of facility-level data 
for future studies [105]. Current limitations 
of the National Mammography Database are 
incomplete data on patient demographic fac-
tors (race, breast density, and personal his-
tory of breast cancer) and incomplete biopsy 
follow-up compared with the Breast Cancer 
Surveillance Consortium, as well as lack of 
tumor registry linkage to determine breast 
cancer status.

For rapidly evolving imaging technolo-
gies, studies of long-term outcomes are not 
possible because of insufficient length of 
follow-up. One approach to addressing this 
challenge is the Cancer Intervention and 
Surveillance Modeling Network, which is 
also supported by the National Cancer In-
stitute. The Cancer Intervention and Sur-
veillance Modeling Network uses multiple 
computer simulation models to integrate 
common input parameters from multiple 
sources and predict the long-term clini-
cal outcomes and costs of different can-
cer screening strategies [106]. Results from 
Cancer Intervention and Surveillance Mod-
eling Network breast models have informed 
U.S. Preventive Services Task Force recom-
mendations for breast cancer screening in 
average-risk women [107].

The six-tiered model of clinical efficacy 
proposed by Fryback and Thornbury [108], 
ranging from technical efficacy to societal ef-
ficacy, provides a useful framework for con-
sidering the effect and outcomes of diagnostic 
imaging. As the imaging research community 
seeks to show the value of imaging beyond di-
agnostic accuracy and the ability to reduce dis-
ease-specific mortality, future studies will in-
creasingly include patient-centered outcomes 
research, to understand effects on quality of 
life and costs of care, and to guide shared deci-
sion making on the basis of patients’ tumor bi-
ology, risk tolerance, preferences, and values.
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Summary and Recommendations for 
Best Practices

Current clinical guidelines are consis-
tent in recommending a minimum of annual 
screening mammography for posttreatment 
surveillance. Variability exists in recom-
mendations for surveillance initiation, inter-
val, and cessation. Although DBT has been 
shown to decrease the number of false-pos-
itive findings with stable to increased can-
cer detection, studies evaluating the perfor-
mance of DBT in the surveillance setting are 
sparse and incomplete. The state of evidence 
for the performance of DBT is evolving rap-
idly with the publication of ongoing studies 
and is an area where guidelines are likely to 
change as new evidence emerges.

Most guidelines do not support the use of 
whole-breast ultrasound in breast cancer sur-
veillance. Regarding breast MRI, current data 
suggest that, for selected women with a person-
al history of breast cancer, surveillance MRI 
may have cancer detection rates comparable to 
those of high-risk women with genetic predis-
position to developing breast cancer [59, 109–
111]. More specific characterization of breast 
cancer survivors who may benefit from supple-
mental surveillance is a critical current knowl-
edge gap. Currently, most guidelines recom-
mend surveillance MRI only for patients who 
are also at high (> 20%) lifetime risk.

Patient, tumor, imaging, and treatment 
factors may contribute to a higher risk of 
developing an interval second breast can-
cer. Current evidence supports consideration 
of these factors when developing patient-
centered surveillance regimens. Addition-
al studies are needed to more definitively 
identify strategies for specific subgroups of 
breast cancer survivors.

For the woman in the initial clinical vi-
gnette, a postmenopausal woman with a per-
sonal history of a T1aN0M0 breast cancer 
with favorable prognostic factors and molec-
ular subtype (luminal A) and no additional 
breast cancer risk factors, the evidence sup-
ports annual surveillance mammography 
without supplemental imaging.
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