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There are millions of breast cancer survivors in the United States
currently, and expectations are that the number will continue to in-
crease in the years to come.1,2 Survivors of early-stage breast cancer are
at increased risk for developing second primary breast cancers.3 Data
regarding the effectiveness of surveillance mammography among sur-
vivors of early-stage breast cancer are limited,4 but suggest that mam-
mography may reduce breast cancer mortality for this cohort5 as it
does when used to screen the general population.6-8 Although national
guidelines recommend annual mammographic surveillance for survi-
vors of early-stage breast cancer,9,10 studies suggest surveillance mam-
mography is underutilized.11,12

Mammography is not a perfect test. In fact, it may be particularly
insensitive at detecting breast cancer among selected high-risk popu-
lations, such as BRCA carriers, young women, and women with dense
breast tissue. Magnetic resonance imaging (MRI) has consistently dem-
onstratedgreatersensitivityversusmammographyinthesepopulations.13

However, MRI screening is more costly and time consuming, requires
the injection of intravenous contrast, generates more false-positive
results, and has not been shown to impact breast cancer mortality.

Debate regarding the role of MRI as a screening test led the
American Cancer Society to convene an expert panel to develop
guidelines in 2007. The panel recommended breast MRI screening as
an adjunct to mammography for: BRCA mutation carriers and their
first-degree relatives; women with a lifetime breast cancer risk � 20%
to 25%; women with a history of chest radiation between ages of 10
and 30 years; and women with predisposing genetic syndromes (eg,
Li-Fraumeni, Cowden). The group felt there was insufficient evidence
to recommend for or against MRI screening among women with a
personal history of invasive breast cancer or ductal carcinoma in situ.

On one hand, MRI surveillance may seem appropriate for breast
cancer survivors. Compared to women with a higher than 20% life-
time risk of primary breast cancer as defined by BRCAPRO or other
family history–based models, many survivors of early-stage breast
cancer could experience an even greater risk of second primary breast
cancer. In addition, the sensitivity of mammography among survivors
could be impaired by changes in the breast caused by previous treat-
ments. In contrast, no studies have explored the utility of surveillance
MRI among survivors. Moreover, this cohort also faces a competing
risk of mortality from the primary breast cancer diagnosis. Based on

personal observations, use of surveillance MRI among women with a
personal history of early-stage breast cancer appears to be increasing.

These issues raise serious questions regarding the appropriate use
of surveillance breast MRI among survivors of early-stage breast can-
cer. To explore the implications of applying the American Cancer
Society risk threshold to women with a personal history of breast
cancer who are not BRCA carriers, we constructed an analytic model
to calculate lifetime risk of developing a second breast cancer after
diagnosis of an initial breast cancer. Specifically, we sought to deter-
mine which subsets of breast cancer survivors met a 20% or 25%
lifetime risk threshold of having a new cancer, taking into account the
competing risk of cancer mortality from the first diagnosis and age-
dependent noncancer mortality. The model was designed to provide
customized values for lifetime risk of developing breast cancer for each
year after diagnosis, as a function of the initial cancer (hormone
receptor–positive v –negative, mortality risk), its treatment (breast-
conserving surgery v mastectomy, and tamoxifen v not for hormone
receptor–positive cancers), and age at initial diagnosis.

Our model assumed the risk of developing a second breast cancer
was constant over time, not related to a patient’s age, and the same for
the ipsilateral versus contralateral breast—as demonstrated in multi-
ple prospective and retrospective studies.14-22 Adjuvant tamoxifen
therapy was associated with a 47% reduction in the risk of developing
a new breast cancer over the 10-year period after the primary cancer
diagnosis.21 Therefore, the risk of developing a second breast cancer
was only a function of the number of intact breasts and use of tamox-
ifen. No assumptions were made regarding the sensitivity or specificity
of MRI screening in women with a personal history of breast cancer.
Mortality risk from the initial diagnosis was assumed to be constant
and completed within 7 years for hormone receptor–negative can-
cers23 and 15 years for hormone receptor–positive cancers.22 Patients
with an initial diagnosis of ductal carcinoma in situ were assumed to
have no mortality risk associated with their primary breast cancer
diagnosis. Nonbreast cancer mortality was determined using 2004
United States female life-tables.24 The annual likelihood of a survivor
developing a second breast cancer was determined by multiplying the
per year probability of developing a new breast cancer with the per
year probability of being alive (ie, not dying from the primary breast
cancer or a nonbreast cancer cause). The lifetime risk of developing a
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second breast cancer was calculated to be annual likelihood of devel-
oping a second breast cancer multiplied by the likelihood of surviving
that year summed over the remaining years of life until age 99, divided
by the probability of being alive at that individual age.

Model results for lifetime risk of breast cancer for a 45-year-old
woman diagnosed with a hormone receptor–positive breast cancer
carrying 30% mortality risk treated with lumpectomy or mastectomy,
with or without tamoxifen, are shown in Figure 1. Tamoxifen initially
lowers the risk of developing a second breast cancer. Among
tamoxifen-treated patients, there is an initial increase in the lifetime
risk of a second breast cancer diagnosis; this is attributable to the
falling mortality risk from the primary breast cancer diagnosis as time
elapses after this diagnosis. This example patient would meet the 20%
lifetime-risk threshold for screening until age 66 if treated with

lumpectomy, but would qualify for screening if the threshold were set
at 25% only if treated with lumpectomy without tamoxifen and only
until age 56. Figure 1 also shows that the same patient treated with
mastectomy would never reach the 20% threshold for screening. Re-
sults after breast-conserving therapy using the 20% threshold (Fig 2)
reveal that all women diagnosed at or before age 50 meet this thresh-
old. In contrast, after mastectomy and using the 25% threshold for
MRI screening, only patients between the ages of 31 and 33 would be
considered screening candidates.

Themodel revealedscreeningrecommendations tobeverysensitive
to the type of surgical treatment at diagnosis, mastectomy, or breast-
conserving therapy; the lifetime risk of breast cancer was a function of the
number of breasts at risk for developing new cancers. Women treated
with mastectomy were less likely to meet the threshold, because they had
less residualbreast tissueatrisk. Ingeneral,womenwere less likely tomeet
the threshold if the initial cancer was hormone receptor positive (due to
the longer clinical course of hormone-positive disease), carried a high
mortality risk, or were treated with tamoxifen. Women were more likely
to meet the threshold if they were first diagnosed at a younger age or the
lower (20%) risk threshold was used.

In summary, our model demonstrated that many women with a
personal history of early-stage breast cancer who are not BRCA carri-
ers exceed the 20% to 25% lifetime risk of developing a second breast
cancer diagnosis, even when considering the competing mortality
associated with primary breast cancer diagnoses. Although national
guidelines recommend MRI screening for high-risk women and our
analysis demonstrates that women with a personal history of breast
cancer can be considered high risk, we do not believe this provides
justification for the routine use of surveillance MRI testing among
breast cancer survivors, for several reasons.

No clinical trials have demonstrated an improvement in out-
comes associated with MRI screening among breast cancer survivors.
Decision analytic models focusing on high-risk women have not
found MRI screening to be cost effective.25,26 While breast cancer risk
is an important factor in estimating the potential benefit of MRI
screening, it is not the only important factor that must be considered.
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Fig 1. Model results for lifetime risk of breast cancer for a 45-year-old woman
diagnosed with a hormone receptor–positive breast cancer carrying 30% mor-
tality risk treated with lumpectomy and tamoxifen (dark blue triangles), lumpec-
tomy without tamoxifen (light blue circles), mastectomy with tamoxifen (gold
diamonds), and mastectomy without tamoxifen (dark gold squares). Lifetime risk
values, which lie in the blue shaded area, represent ages at which this patient
would meet the 20% threshold for magnetic resonance imaging screening.
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Fig 2. Model results for screening rec-
ommendations for women who receive
breast-conserving surgery using the 20%
screening threshold. Recommendations
are given for women as a function of age at
diagnosis, type of cancer (hormone recep-
tor [HR] positive or negative), mortality risk
from primary cancer, and treatment with or
without tamoxifen. Red boxes indicate
women who never meet the screening
threshold during their lifetime. Blue boxes
indicate women who meet this threshold
from the year after diagnosis to age 66.
Beige boxes indicate that women meet
this threshold during their lifetime but that
the start date (shown in box) for screening
is later than the year after diagnosis. Gold
boxes indicate women who meet the
threshold the year after diagnosis but fall
below the screening threshold before age
66 (until age shown in box).
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Our analysis found that the cohort of patients who demonstrated a �
20% to 25% lifetime risk of developing second breast cancer was quite
varied. It is not necessarily true that all women in this cohort will be
more likely to survive if they have combined mammography/MRI
screening versus mammographic screening alone, because the perfor-
mance characteristics of MRI may not be constant across the group.
MRI screening might offer incremental benefit to some women in this
cohort (eg, those who are younger or have dense breast tissue, for
whom mammography is less sensitive), but not others (eg, those who
are postmenopausal after completing primary breast cancer therapy).
Moreover, some women who experience an 18% to 19% lifetime risk
of developing a second breast cancer might benefit substantially from
combined mammography/MRI screening. These findings highlight
the significant limitations of using lifetime risk as the primary mech-
anism for identifying which women should be considered eligible for
MRI screening/surveillance.

While data regarding breast surveillance among survivors of
early-stage breast cancer are sparse, the standard remains yearly mam-
mography. Clinical trials are needed to evaluate the benefits and risks
of surveillance MRI testing among selected subsets of breast cancer
survivors. The challenge will be to determine which women, if any,
experience a reduction in breast cancer mortality as a result of MRI
surveillance. Studies assessing the utility of surveillance MRI testing
among women who, at the time of screening, face a high risk of
developing second breast cancer, a low risk of death from primary
breast cancer, and a relatively greater sensitivity from MRI testing than
mammography are warranted.
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