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To compare cancer recurrence outcomes on the basis of
compliant semiannual versus noncompliant annual ipsilat-
eral mammographic surveillance following breast conser-
vation therapy (BCT).

A HIPAA-compliant retrospective review was performed
of post-BCT examinations from 1997 through 2008 by us-
ing a deidentified database. The Committee on Human
Research did not require institutional review board ap-
proval for this study, which was considered quality as-
surance. Groups were classified according to compliance
with institutional post-BCT protocol, which recommends
semiannual mammographic examinations of the ipsilateral
breast for S years. A compliant semiannual examination
was defined as an examination with an interval of 0-9
months, although no examination had intervals less than 3
months. A noncompliant annual examination was defined
as an examination with an interval of 9-18 months. Can-
cer recurrence outcomes were compared on the basis of
the last examination interval leading to diagnosis.

Initially, a total of 10750 post-BCT examinations among
2329 asymptomatic patients were identified. Excluding
initial mammographic follow-up, there were 8234 exam-
inations. Of these, 7169 examinations were semiannual
with 94 recurrences detected and 1065 examinations
were annual with 15 recurrences detected. There were no
differences in demographic risk factors or biopsy rates.
Recurrences identified at semiannual intervals were sig-
nificantly less advanced than those identified at annual
intervals (stage I vs stage II, P = .04; stage 0 + stage |
vs stage I, P = .03). Nonsignificant findings associated
with semiannual versus annual intervals included smaller
tumor size (mean, 11.7 vs 15.3 mm; P = .15) and node
negativity (98% vs 91%, P = .28).

Results suggest that a semiannual interval is preferable for
ipsilateral mammographic surveillance, allowing detection
of a significantly higher proportion of cancer recurrences
at an earlier stage than noncompliant annual surveillance.

©RSNA, 2012
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reast conservation therapy (BCT)

is an effective and widely accepted

treatment for women with small
and early breast cancer (1,2). However,
these women continue to be at risk for
developing recurrence, with a constant
incidence of approximately 1%-2% per
year for 10 years (3-6). In compari-
son, the average woman is at risk for
primary breast cancer at an incidence
of 0.1% per year at age 40 years to a
maximum of 0.5% by age 75 years (7).
In prospective trials, researchers who
investigated the best overall approach
for post-BCT surveillance concluded
that only mammography and clinical
breast examination are effective for de-
tection of recurrence and maintenance
of survival (8,9). Although mammogra-
phy and clinical breast examination are
complementary approaches, mammog-
raphy has been shown to depict more
breast cancers earlier (4,10).

A major limitation in implementing
mammographic surveillance is identify-
ing the optimal interval for follow-up.
To our knowledge, no study directly
compares the effect of different mam-
mographic surveillance intervals on the
frequency, size, nodal status, and stage
of recurrences. In a review (11) of obser-
vational studies, each involving a single
specific surveillance protocol (ranging
from 6- to 48-month interval examina-
tions), investigators found mammogra-
phy-only detection of recurrence to be
variable in the ipsilateral (8%-50%)
and contralateral (18%-80%) breasts.
To our knowledge, researchers in pro-
spective trials have not randomized the
data for surveillance frequency; thus,

Advance in Knowledge

B Breast cancer recurrences were
significantly less advanced in
women who were compliant with
a semiannual ipsilateral surveil-
lance protocol than in women
who were noncompliant and fol-
lowed annual surveillance; the
difference in proportion of stage
I recurrence between semian-
nual- and annual-surveillance
groups was 90% and 64%, re-
spectively (P = .04).

no data exist to validate a specific inter-
val for follow-up (12).

An annual surveillance interval
following BCT has been suggested by
organizations, including the
American Society for Clinical Oncology
(13,14), the National Comprehensive
Cancer Network (15), and the Steering
Committee on Clinical Practice Guide-
lines for the Care and Treatment of
Breast Cancer for Health Canada (16).
Because of the paucity of supporting
data, these groups have based their
guidelines for recommending annual
surveillance on expert opinion. These
recommendations are conservative, be-
cause they are equivalent to screening
recommendations for the average-risk
general population.

It is unknown whether a shorter
than annual interval is preferable for
follow-up of patients who have under-
gone BCT, because they are at higher
than average risk for subsequent can-
cer. Our institution (University of Cali-
fornia, San Francisco) has had a semi-
annual post-BCT surveillance protocol
in place for many years. Our purpose
was to compare recurrence outcomes
on the basis of compliant semiannual
versus noncompliant annual ipsilateral
mammographic surveillance following

BCT.

Materials and Methods

Study Design and Data Collection

This study was compliant with the
Health Insurance Portability and Ac-
countability Act and did not require
institutional review board approval
because it was classified as quality as-
surance and was approved by our insti-
tutional review board as exempt from
the requirement for informed consent.

Implication for Patient Care

® Women who have undergone
breast conservation therapy for
breast cancer are at increased
risk for recurrence compared
with the general population and
may benefit from more frequent
mammographic surveillance.

several

Only deidentified data were used. A
retrospective review was performed to
identify post-BCT surveillance mammo-
graphic examinations performed from
1997 through 2008, by using our elec-
tronic mammography database in which
the indication for examination (includ-
ing routine surveillance following BCT)
was prospectively stored. The post-BCT
protocol at our institution recommends
surveillance mammography and clinical
breast examination of the ipsilateral
breast every 6 months for 5 years. Sur-
veillance mammographic examinations
represent examinations only in asymp-
tomatic patients who were assessed for
recurrence for a maximum of 5 years
(a historical milestone at the time this
protocol was initiated), after which the
protocol was converted to a regular
screening mammography protocol.

To compare recurrence outcomes
between semiannual and annual exam-
inations, the last mammographic ex-
amination interval leading to detection
of recurrence was used as the primary
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predictor of recurrence outcomes. Pa-
tients who had recurrences that were
detected with surveillance mammog-
raphy were categorized into either the
semiannual or annual groups on the
basis of compliance with our semi-
annual protocol. Examination inter-
vals were determined by the number
of days from the prior to the current
surveillance examination, and intervals
could vary with each visit. Semiannual
(compliant) examinations were defined
as those with intervals of 0-274 days
(representing 0-9 months), although
no intervals were shorter than 91 days
(3 months). Noncompliant annual ex-
aminations were defined as those with
intervals of 275-548 days (representing
9-18 months). With this scheme, a pa-
tient could be compliant for some visits
and not compliant for others. There-
fore, analysis was performed by using
the last examination interval leading to
cancer recurrence detection. Examina-
tion intervals in which cancer recur-
rence was not detected were not used
in analysis. It was not feasible to calcu-
late time to recurrence on the basis of
the design of the database. This type
of analysis is supported by two obser-
vations. First, the risk of recurrence is
approximately constant and equal dur-
ing every visit interval for 5 years and is
not conditional on the basis of the time
to recurrence (3-6). Second, detection
of recurrence depends on the interval
from the most recent negative mam-
mographic examination result because
the number of prior examinations likely
does not improve detection in a nondi-
agnostic setting (17,18).

Examinations with intervals beyond
548 days (18 months) were excluded
from the study because there were very
few examinations (n = 187) that could
be used for analysis. The first surveil-
lance examinations were also excluded
because there was no preceding surveil-
lance examination from which an inter-
val could be calculated. The study end
point was mammographically identified
ipsilateral breast cancer, for which we
used the term recurrence. Contralat-
eral cancer detection was not included
in our analysis, because the contralat-
eral breast was examined at similar

intervals in both compliant and non-
compliant cohorts.

Database Design

Breast Imaging Reporting and Data
System assessment data and biopsy
data were acquired contemporaneously
as part of an ongoing quality assurance
program. For both assessments and
outcomes, the database maintains cu-
mulative deidentified data rather than
examination-by-examination data. A
subset of this database contains ex-
amination-by-examination data for pa-
tients following the BCT protocol, in
which the data stored are limited to the
number of days since the last examina-
tion, the number of examinations per
patient, the sequence number of exam-
inations, demographic information, and
cancer recurrence data for a given dei-
dentified patient.

Demographic Information

Cancer risk profile based on deidenti-
fied demographic information and a
self-reported breast health history were
prospectively collected at each mam-
mographic examination and were com-
pared to assess group differences at the
time of recurrence. Patient age was re-
corded as that on the day of the mam-
mographic examination. A patient with
a strong family history was defined as
a patient with one first-degree relative
who had a postmenopausal diagnosis of
unilateral breast cancer. A patient with
a very strong family history of breast
cancer was defined as a patient with
two or more first-degree relatives with
a breast cancer history, a first-degree
relative with premenopausal breast
cancer, or a first-degree relative with
ovarian cancer. Dates of primary can-
cer diagnosis and BCT were not en-
tered prospectively into our database
and were not available for many study
subjects who had previous breast care
at an outside institution.

Cancer Recurrence Assessment

Cancer recurrence was defined as a di-
agnosis of ductal carcinoma in situ or
invasive carcinoma within 6 months of
a surveillance mammographic examina-
tion (to match the semiannual interval

of our imaging protocol), as determined
through standard mammography au-
diting and by linkage with our regional
Surveillance Epidemiology and End Re-
sults program and the California Cancer
Registry. Per cancer registry protocol,
co-occurring invasive cancer and duc-
tal carcinoma in situ were recorded as
invasive cancer only. Previous research
showed cancer ascertainment to be at
least 95% complete (19). Linkage was
conducted according to protocols for hu-
man subjects that maintain patient con-
fidentiality. Breast cancer recurrences
were staged by using rTNM criteria,
defined by the American Joint Commit-
tee on Cancer, which have equivalent
classifications as primary cancer staging
(20). Recurrence tumor size and node
status were obtained contemporaneously
from pathology reports as part of our
routine mammography auditing practice.
Size was defined by using the longest di-
ameter at pathologic analysis and was
recorded only for invasive lesions.

Statistical Analysis

Outcomes between the compliant semi-
annual and noncompliant annual ex-
amination intervals were analyzed for
differences in proportions of cancer re-
currence by using the Fisher exact test.
Continuous data were analyzed by using
a two-sample t test, assuming unequal
variance. Data were analyzed by us-
ing statistical software (Matlab 2007a;
MathWorks, Natick, Mass).

A total of 10750 mammographic exam-
inations among 2329 patients (mean
and range of examinations per patient,
4.6 and 1-13, respectively) were ini-
tially identified as post-BCT surveil-
lance examinations. The distribution of
the number of examinations per patient
is shown in Table 1. Among the 8421
examinations with reliably determined
examination intervals (2329 first sur-
veillance examinations were excluded),
7169 (85.1%) were compliant semi-
annual examination and 1065 were
noncompliant annual examinations. A
total of 187 examinations had inter-
vals longer than 18 months and were

Radiology: \lolume 264: Number 2—August 2012 = radiology.rsna.org
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not included in the analysis. The mean
number of days between examinations
was 190 days for the compliant semi-
annual group and 369 days for the non-
compliant annual group. There were
158 examinations with abnormal in-
terpretations, 158 biopsies performed,
and 114 cancers diagnosed, resulting in
a positive biopsy rate of 72%. Of the
114 total cancers, three cancers were
detected at the first surveillance exami-
nation, and two cancers were detected
at intervals longer than 18 months,
leaving 109 cancers that were detected
at either compliant semiannual or non-
compliant annual examinations.

Of the 8234 examinations in 1841
women included for analysis, 155 bi-
opsies were performed, yielding a total
of 109 ipsilateral cancer recurrences
identified in 109 women (Table 2). The
7169 compliant semiannual examina-
tions resulted in 133 biopsies, by means
of which 94 recurrences were detect-
ed in 94 women (positive biopsy rate,
71%). The 1065 noncompliant annual
examinations resulted in 22 biopsies,
by means of which 15 recurrences were
identified in 15 women (positive biopsy
rate, 68%). In either group, only one
cancer recurrence was detected; no
women had multiple recurrences. At
the time of recurrence, cohort demo-
graphics were approximately equivalent
between compliant and noncompliant
groups, with similarities in age (60.4
years vs 60.7 years), strong family his-
tory (13.8% vs 13.3%), and very strong
family history (7.4% vs 6.7%).

No cancer recurrences beyond
stage IIA were detected (Table 2).
When analyzing surveillance cohorts
for recurrence by using stage I versus
stage II (Figure), a significantly high-
er proportion of stage I recurrences
were detected with compliant semian-
nual examinations than were detected
with noncompliant annual examina-
tions (90% vs 64%, P = .04). Repeat-
ing this analysis by including stage 0
recurrences, a higher proportion of
stage 0 + stage I recurrences (94%
vs 73%, P = .03) continued to be de-
tected with semiannual examinations.
When invasive cancer recurrences
were stratified according to size only, a

Distribution of Mammographic Surveillance Mammographic Examinations

No. of Examinations Total No. of

Subsequent Examinations
according to Interval®

Compliant Semiannual, Noncompliant Annual,

per Patient No. of Patients Examinations* 91-274 Days* 275-547 Days

1 488 438 0 0
2 288 576 200 65
3 235 705 317 114
4 226 904 487 163
® 211 1055 638 184
6 187 1122 752 167
7 176 1232 908 139
8 199 1592 1267 113
9 177 1593 1327 76
10 92 920 788 29
11 39 429 372 9
12 9 108 92 4
13 2 26 21 2

Total 2329 10750 7169 1065

Note.—The protocol at our institution recommends semiannual surveillance.
*Total number of examinations include the first surveillance examination and examinations with intervals greater than 547 days

(not shown).

T Mean number of days for compliant semiannual and noncompliant annual examinations were 190 days and 369 days,
respectively. Subsequent examinations according to interval do not include the first surveillance examinations because there
was no preceding surveillance examination from which an interval could be calculated.

Results of 109 Asymptomatic Cancer Recurrences Detected through 5 Years of

Mammographic Surveillance Following BCT

Compliant Noncompliant
Detection Data Semiannual Interval Annual Interval PValue
No. of cancer recurrences 94 15 .81
No. with stage 0* 31(33) 4(27) .04%
No. with stage I* 57 (61) 7 (47) .03*
No. with stage II* 6 (6) 4(27) .
Mean invasive size (mm)3 11.7 (7.4) 15.3(8.9) 15
=1cm* 42 (67) 4 (36) .09
>1cm* 21 (33) 7 (64)
Node-negative invasive* 62 (98) 10 (91) .28

* Numbers in parentheses are percentages.
1 Stage | versus stage II.
* Stage 0 + stage | versus stage II.

§ Mean invasive size excludes stage 0. Numbers in parentheses are standard deviations.

higher proportion of lesions of 1 cm or
smaller were detected with compliant
semiannual examinations, approach-
ing significance (67% vs 36%, P =
.09). Additional nonsignificant findings
for invasive recurrences detected with

semiannual versus annual examinations
included smaller tumor size (mean di-
ameter, 11.7 mm * 7.4 [standard devi-
ation| vs 15.3 mm = 8.8, P = .15) and
more frequent node negativity (98% vs
91%, P = .28).
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Stage of Cancer Recurrence

The major finding of this study was
that compliant ipsilateral semiannual
mammographic surveillance aided de-
tection of nonpalpable breast cancer
recurrences at an earlier stage. Cancer
recurrences detected during routine
semiannual surveillance mammography
following BCT had a significantly higher
probability of being stage I or earlier
when compared with recurrences de-
tected during mnoncompliant annual
surveillance examinations. Stated in an-
other way, noncompliant annual mam-
mographic surveillance allowed more
lesions to progress to stage IIA prior
to detection, diagnosis, and treatment.
Recurrences detected at semiannual ex-
aminations also demonstrated a nonsig-
nificant trend toward being smaller and
node negative.

A similar significant reduction in
overall cancer stage was observed for
our semiannual surveillance cohort, as
was observed when analysis was limited
to invasive cancers. These results sug-
gest that the earlier detection provided
by semiannual surveillance did not
substantially involve overdiagnosis of
recurrences.

Annual
Interval

Proportions of patients with
asymptomatic invasive cancer
recurrence according to stage

of cancer recurrence and
surveillance interval. Routine
surveillance mammograms were
acquired every 6 months for

5 years following BCT. Cohort
assignments were based on
compliance with semiannual
examinations compared with
noncompliance with annual ex-
aminations. Semiannual-interval
surveillance mammography
depicted a significantly higher

I proportion of asymptomatic
stage | cancer recurrences than
annual-interval surveillance
mammography (P = .04). When
including noninvasive recurrences
(not shown), semiannual-interval
surveillance mammography
continued to depict more stage 0
+ stage | recurrences than stage
Il recurrences (P = .03).

Compliance with our recommended
semiannual surveillance protocol was
high (85%). On the basis of this high
rate of compliance, we believe that a
large percentage of patients who have
undergone BCT, when offered ipsilat-
eral semiannual surveillance, are likely
to take advantage of its benefits.

Our results are relevant because
breast cancer recurrence following BCT
substantially increases mortality and
because early detection during surveil-
lance may decrease mortality, similar to
the benefit seen with the screening of
asymptomatic women. In the National
Surgical Adjuvant Breast and Bowel
Project randomized controlled trial,
patients who developed recurrences
following BCT had up to three times
higher mortality than patients who did
not develop recurrences at the 20-year
follow-up (2). Moreover, detection of
recurrence by using surveillance mam-
mography has been associated with a
higher rate of survival in retrospective
studies (21-23). Early detection (mam-
mographically detected recurrence in
asymptomatic patients) was associated

with 47% improved survival relative
to symptomatic patients, or 27% im-
proved survival when adjusting for
both lead-time and length biases (22).
Finally, an association is also reported
between mortality and recurrence tu-
mor size of 1 cm or smaller, suggest-
ing that mammographic detection of
smaller recurrences is predictive of im-
proved survival (24-26). The mortality
difference between patients with stage [
and patients with stage Il lesions among
recurrences has not been analyzed in
prior studies, but if similar to mortality
for primary breast cancer, one can in-
fer an approximately 10%-25% relative
difference in mortality (27). In compar-
ison, the mortality difference between
patients with stage 0 and stage I cancer
recurrence may be inferred to be an
approximately 5% difference (27). This
finding implies that earlier detection of
recurrence by semiannual surveillance
mammography may improve survival
substantially.

Mortality could not be analyzed in
our study because there has not been
sufficient follow-up time. As with screen-
ing, the effect of early detection of re-
currence is likely affected by lead-time
and length biases. The best approach
to establish true clinical effectiveness
would involve a prospective controlled
trial, with randomization of women by
invitation to either semiannual-interval
or annual-interval mammography follow-
ing BCT. However, as has been discussed
by others, such a trial would require
large numbers of subjects and a very
long period of observation after com-
pletion of 5-year post-BCT surveillance
(22). Houssami et al (22) proposed an
alternative experimental design to study
effectiveness, making use of surrogate
measures for survival and methods that
account for the effects of lead-time-bias
and length-bias sampling.

Several organizations currently
endorse annual surveillance intervals
(14-16) or offer general guidance (28)
for the frequency of post-BCT mam-
mography but admit that these recom-
mendations are based on expert opin-
ion and that direct evidence is needed
(12). To our knowledge, ours is the first
study to provide such direct evidence,
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by comparing the effect of surveillance
intervals on recurrence outcomes in the
same study population.

As a result of the retrospective de-
sign of our study, selection bias may
have contributed to some of the differ-
ences we observed. We performed our
analyses on the basis of patient compli-
ance; therefore, our results indicate the
outcomes found when patients choose
to undergo examination at semiannual
versus annual intervals. The potential
contribution of selection bias to our
observed results as a consequence of
patient compliance may not be substan-
tial, as we found no demographic-based
differences in cancer risk factors be-
tween our semiannual and annual sur-
veillance cohorts.

Patients who develop symptom-
atic recurrences would have only their
asymptomatic surveillance examina-
tions included in our database. How-
ever, this study attempts to report only
outcomes of screening asymptomatic
women following BCT, and not on the
outcomes of diagnostic mammography
in symptomatic women following BCT.

Finally, our database does not con-
tain information on the primary tumor,
BCT regimen (including radiation ther-
apy), or time to recurrence in our pa-
tients. We also could not distinguish be-
tween recurrence and second primary
cancer because of the clinical difficulty
in making the distinction (17), because
both types of malignancy can be iden-
tified with mammographic surveillance
and because we did not have access
to further imaging characteristics (eg,
breast quadrant). Our database stored
deidentified information that was not
linked to patient data. Attempting to
gather these additional data retrospec-
tively would be unfeasible and almost
certainly impossible for most of the pa-
tients because of the long interval since
the data collection began and because
many patients were referrals from out-
side institutions.

Although our analysis does not
preclude our observation that earlier
recurrences were detected with semi-
annual surveillance, it does limit our
ability to comment on what interval
may be most effective for semiannual

examinations during the course of sur-
veillance. While a previous study has
shown that semiannual mammography
is associated with a low yield of detec-
tion for invasive cancer recurrence at
the initial 6-month surveillance exam-
ination (29), we recommend continu-
ous semiannual surveillance for 5 years
to avoid confusing our patients with a
complex protocol that appears to in-
clude some and skip other 6-month
examinations. Confusion concerning
mammography protocols has been
shown to lead to decreased compliance
(30). We also were unable to analyze
the effect of biannual-interval exami-
nations because very few patients had
such intervals, as compliance with the
semiannual protocol was high.

In conclusion, our results suggest
that, following BCT, asymptomatic re-
currences are detected at a significantly
earlier stage with semiannual ipsilateral
surveillance mammography compared
with noncompliant annual mammog-
raphy. Indirect evidence suggests that
patients who accept semiannual sur-
veillance following BCT may derive a
survival benefit compared with patients
who undergo annual-interval surveil-
lance instead. Reliance on annual sur-
veillance allows more second cancers to
progress from stage I to stage IIA prior
to detection, diagnosis, and treatment.
Although demonstration of true clinical
effectiveness may require a randomized
controlled trial, our results are the first
evidence, to our knowledge, to support
more frequent surveillance following
BCT than is recommended by current
expert-opinion-based guidelines.
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