
Under Utilization of Surveillance Mammography among Older
Breast Cancer Survivors

Terry S. Field, DSc1,2,3,4, Chyke Doubeni, MD, MPH2, Matthew P. Fox, DSc, MPH5,
Diana S. M. Buist, PhD6, Feifei Wei, PhD7, Ann M. Geiger, MPH, PhD8, Virginia P. Quinn, PhD9,
Timothy L. Lash, DSc, MPH5,10, Marianne N. Prout, MD, MPH5, Marianne Ulcickas Yood, DSc11,12,
Floyd J. Frost, PhD13 and Rebecca A. Silliman, PhD, MD5,10

1 Meyers Primary Care Institute, Worcester, MA, USA; 2 University of Massachusetts Medical School, Worcester, MA, USA; 3 Fallon Community
Health Plan, Worcester, MA, USA; 4 Fallon Foundation, Worcester, MA, USA; 5 Boston University School of Public Health, Boston, MA, USA; 6

Group Health Center for Health Studies, Seattle, WA, USA; 7 HealthPartners Research Foundation, Minneapolis, MN, USA; 8Division of Public
Health Sciences, Department of Social Sciences and Health Policy, Wake Forest University School of Medicine, Winston-Salem, NC, USA;
9Department of Research and Evaluation, Kaiser Permanente Southern California, Pasadena, CA, USA; 10Geriatrics Section, Department of
Medicine, Boston University School of Medicine, Boston, MA, USA; 11Josephine Ford Cancer Center, Henry Ford Health System, Detroit, MI, USA;
12Epidemiology and Public Health, Yale University School of Medicine, New Haven, CT, USA; 13 Lovelace Health Systems, Albuquerque, NM,
USA.

BACKGROUND: Annual surveillance mammography is
recommended for follow-up of women with a history of
breast cancer. We examined surveillance mammogra-
phy among breast cancer survivors who were enrolled
in integrated healthcare systems.

METHODS: Women in this study were 65 or older when
diagnosed with early stage invasive breast cancer (N=
1,762). We assessed mammography use during 4 years
of follow-up, using generalized estimating equations to
account for repeated measurements.

RESULTS: Eighty-two percent had mammograms dur-
ing the first year after treatment; the percentage
declined to 68.5% in the fourth year of follow-up.
Controlling for age and comorbidity, women who were
at higher risk of recurrence by being diagnosed at stage
II or receiving breast-conserving surgery (BCS) without
radiation therapy were less likely to have yearly mam-
mograms (compared to stage I, odds ratio [OR] for stage
IIA 0.72, confidence interval [CI] 0.59, 0.87, OR for
stage IIB 0.75, CI 0.57, 1.0; compared to BCS with
radiation, OR 0.58, CI 0.43, 0.77). Women with visits to
a breast cancer surgeon or oncologist were more likely
to receive mammograms (OR for breast cancer surgeon
6.0, CI 4.9, 7.4, OR for oncologist 7.4, CI 6.1, 9.0).

CONCLUSIONS: Breast cancer survivors who are at
greater risk of recurrence are less likely to receive
surveillance mammograms. Women without a visit to
an oncologist or breast cancer surgeon during a year
have particularly low rates of mammography. Improve-
ments to surveillance care for breast cancer survivors
may require active participation by primary care physi-
cians and improvements in cancer survivorship pro-
grams by healthcare systems.
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INTRODUCTION

As a result of improved survival and the increasing incidence
of breast cancer with age, a large number of women age 65 and
older in the USA are breast cancer survivors. Compared to
women who have never had breast cancer, breast cancer
survivors are at 2 to 6 times greater risk of a new primary
cancer in the contralateral breast.1 In addition, breast cancer
survivors who receive breast-conserving surgery have a 5 to
15% risk of recurrent cancer in the remaining breast tissue,1

with highest risk for those diagnosed at advanced stage2 and
those who do not receive radiation therapy after breast-
conserving surgery3,4 or adjuvant systemic therapy.5

Surveillance mammography is the only recommended im-
aging examination for the routine follow-up of women with a
history of breast cancer. Routine annual mammograms are
recommended by most guidelines6 with the expectation that
they will ensure early detection of local recurrence and new
primary breast cancers when they are treatable with favorable
prognoses.

The limited number of studies examining use of surveillance
mammography among survivors have found mammography is
underused by survivors7–11 with steady declines during the
years after diagnosis. However, the patterns of underuse and
the factors associated with underuse are not well defined.

The purpose of the current study was to examine the use of
mammography in a cohort of breast cancer survivors with
complete information on follow-up derived from medical
records and to assess the relationship between mammography
use and patient and health care utilization factors. This study
focuses on older women, a group at higher risk of breast
cancer that is understudied.
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METHODS

Data for this study were derived from the Breast Cancer
Treatment Effectiveness in Older Women (BOW) study. The
methodology of the BOW study has been previously de-
scribed.12 The BOW study was designed to examine out-
comes among women age 65 and older diagnosed and
treated with incident early stage invasive breast cancer.
The study was conducted among 6 health systems collabo-
rating within the Cancer Research Network (CRN): Group
Health (Washington), Kaiser Permanente (Southern Califor-
nia), Lovelace (New Mexico), Henry Ford Health System
(Michigan), HealthPartners (Minnesota), and Fallon Clinic
(Massachusetts). Institutional Review Boards at all sites
approved the study. The CRN includes the research pro-
grams, enrollee populations, and data systems of 12 inte-
grated healthcare systems across the USA.

We used automated administrative databases and medical
record review at 2 study sites (HealthPartners and Fallon) and
health system tumor registries at the 4 remaining sites to
identify eligible patients. Eligible patients were all women aged
65 years or older who were diagnosed for the first time with
histologically confirmed, early-stage breast cancer from Janu-
ary 1, 1990 through December 31, 1994 and who received
mastectomy or breast-conserving surgery. We excluded women
with a clinically active malignancy (except nonmelanoma skin
cancer) diagnosed within the 5 years before or the 30 days after
breast cancer diagnosis. We included all eligible patients from
all sites except Kaiser Permanente, Southern California, the
largest site, where we sampled 10% of the subgroup of non-
Hispanic white women younger than age 80 with stage I breast
cancer because including the complete sample of these
patients would only marginally increase the statistical power
of the study but would substantially decrease its cost efficien-
cy. The women included in the current report were alive with
no documented clinical evidence of breast cancer recurrence
and enrolled with their respective health plans for at least
15 months after completion of breast cancer treatment. The
original cohort included 1,859 women. Of these, 14 had no
follow-up time. During the first 15 months after treatment, 11
disenrolled from their health plan, 9 died from breast cancer,
16 died from causes other than breast cancer, and 47 had a
recurrence. The final cohort for this manuscript is 1,762.
During the follow-up period, 359 of these women died, had a
recurrence, or disenrolled: 33 died from breast cancer, 121
died from causes other than breast cancer, 149 had a
recurrence, and 56 disenrolled.

DATA COLLECTION

As described in detail elsewhere,12 using an automated data
collection system and trained medical records abstractors, we
collected demographic, tumor, and treatment data from cancer
registry, administrative, and clinical databases, as well as
patient medical records. We assessed comorbidity diagnosis
through medical record abstraction using the Charlson
Comorbidity Index13 for the year before diagnosis with repeat-
ed assessment at 1 and 3 years after diagnosis. This index
includes 18 conditions weighted to predict mortality among
breast cancer patients. We excluded cancer and categorized
the remaining score at each time point as 0, 1, or 2+. We

abstracted from medical records the dates and indications for
all mammographic examinations beginning 90 days after
completion of initial breast cancer therapy (defined as the last
day of breast cancer surgery, radiation therapy, or chemother-
apy, whichever was the latest) and continuing for 4 years.
Based on whether women had a mammogram and the type of
clinician ordering the mammogram within each 1-year period,
we categorized each woman as having received at least 1
mammogram ordered by a primary care physician; if no
mammogram was ordered by the primary care physician,
women were categorized as having a mammogram ordered by
an oncologist or oncology nurse, a breast cancer surgeon, a
different mechanism (such as self-referral), or not having a
mammogram during the year. Within each year, we categorized
each woman as having a visit to a medical or radiation
oncologist or oncology nurse during the year, or no such visit
but a visit to a breast cancer surgeon, or no visit to any of these
specialists.

ANALYSIS

During each yearly period beginning 90 days after completion
of initial therapy, we determined the proportion of women
having at least 1 mammogram and identified the demographic,
tumor, and treatment characteristics for women who did and
did not receive mammography during that year. We also
determined the proportion who received a mammogram or-
dered by a primary care physician. During each follow-up year,
women were excluded if they developed a recurrence, died, or
disenrolled from the health plan.

We fit a series of repeated-measures regression analyses to
examine factors associated with use of yearly mammography,
using the generalized estimating equations approach to ac-
count for the correlation of repeated measurements and to
provide an estimate of the effect of time elapsed since breast
cancer diagnosis. Models included year of follow-up, year of
diagnosis, and study site and added race/ethnicity, primary
breast cancer therapy received, tumor stage at diagnosis,
category of current age at the beginning of the year, the most
recent Charlson Comorbidity Index category, and indicators of
visits to oncologists and breast cancer surgeons during the
year. To assess the extent to which nonreceipt of mammogra-
phy might be associated with serious level of illness, we
included a variable indicating that the woman died during
the next year of follow-up. The final model excluded from each
year those women who died during the following year.

The analyses for this study were generated using SAS
software (version 9.1) of the SAS System for Windows (SAS
Institute, Cary, NC).

RESULTS

A total of 1,762 women were included in the study. The
majority were 70 years or older at the time of diagnosis, non-
Hispanic white, diagnosed at American Joint Committee on
Cancer stage I, and received either mastectomy (52.5%) or
breast-conserving surgery with radiation therapy (36.4%;
Table 1). Throughout the follow-up period, most women had
a low burden of comorbid illnesses, and the majority of the
women had a visit to an oncologist or breast cancer surgeon
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during each of the 4 years of follow-up. During each year, the
proportion receiving mammography was lower for women age
75 or older and for those who had received breast-conserving
surgery without radiation therapy. More than 90% of these
women had at least 1 visit to an oncologist or breast cancer
surgeon during the first year of follow-up. However, that
percent steadily declined to 60% in the fourth year. Women
without a visit to a medical or radiation oncologist or breast
cancer surgeon during a year had particularly low rates of
mammography—ranging from 38.4 to 46%.

The majority of women (82.1%) had a mammogram during
the first year of follow-up, but there was a steady decline in the
use of mammography over time; by the fourth year of follow-
up, the percent receiving a mammogram had declined to
68.5% (Fig. 1). During each year, primary care physicians
ordered at least 1 mammogram for less than 17% of subjects,
although the percent increased slightly from 14.7% in the first
year of follow-up to 16.3% in year 4 (Table 2).

We examined the factors associated with use of mammog-
raphy combining all follow-up years (Table 3). Two demograph-
ic characteristics were independently associated with lower
odds of having an annual mammogram: age 80 or older or
nonwhite ethnicity. Women at higher risk of recurrence
because of being diagnosed at stage II or receiving breast-
conserving surgery without radiation therapy had lower odds
of receiving mammograms. The strongest association was with

visits to oncologists and breast cancer surgeons; women who
had a visit to an oncologist had an odds ratio (OR) of 7.4 (95%
confidence interval [CI] 6.1, 9.0) of receiving a mammogram
during that year and those with no oncologist visit but a visit to
a breast cancer surgeon had an OR of 6.0 (CI 4.9, 7.4).

Several approaches were used to examine and control for
comorbidity. Women with a Charlson Comorbidity Index score

Table 1. Subject Characteristics and Receipt of Mammography During each of 4 Years of Follow-up

Time since end of first course of therapy

Year 1 Year 2 Year 3 Year 4

Characteristic Number Percent
mammogram

Number Percent
mammogram

Number Percent
mammogram

Number Percent
mammogram

Total 1,762 1,624 1,492 1,403
Current age † † † †

Age 65–69 573 86.6 424 80.4 295 81.4 181 76.2
Age 70–74 536 86.0 515 83.1 502 81.1 495 74.9
Age 75–79 298 80.2 327 76.5 326 81.0 341 73.3
Age 80+ 355 70.4 358 65.6 369 55.3 386 52.3

Most recent Charlson * † † *
0 1,209 83.4 1,069 78.9 992 77.2 869 71.7
1 473 80.5 467 77.1 428 71.3 446 64.3
>1 80 71.3 88 58.0 72 61.1 88 58.0

Race/ethnicity † †

White (non-Hispanic) 1,431 83.9 1,317 78.6 1,207 74.6 1,135 69.9
Asian 52 69.2 46 63.0 42 69.0 41 68.3
African American 182 74.7 169 69.2 157 75.8 146 61.0
Hispanic 93 75.3 89 79.8 83 78.3 80 63.8

Stage *
Stage I 1,014 82.3 962 79.5 893 76.1 848 69.2
Stage IIA 546 81.3 485 73.8 452 72.6 418 66.0
Stage IIB 202 80.2 177 74.0 147 72.8 137 71.5

Surgery † † † †

BCS‡ + radiation therapy 634 89.0 613 86.1 581 81.1 555 81.1
BCS‡ without radiation therapy 183 64.5 156 60.9 134 56.0 121 56.0
Mastectomy 925 80.9 838 74.0 761 73.3 713 73.3
Other or no Surgery 20 80.0 17 64.7 16 68.8 14 68.8

Visits to specialists † † † †

Visit to an oncologist 1,160 88.5 975 85.1 815 84.5 693 81.2
Visit to a surgeon 432 81.5 364 83.2 301 84.1 255 82.4
Visit to neither 170 39.4 285 42.5 376 46.0 455 41.3

*Significant at the P<0.05 level
†Significant at the P<0.001 level
‡Breast-conserving surgery

0%

20%

40%

60%

80%

100%

year 1 year 2 year 3 year 4

Year of follow-up

Fig. 1. Percent of women obtaining annual mammography by
years since completion of breast cancer treatment (P<0.001).
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greater than 1 were less likely to receive a mammogram during
a year (OR 0.65, CI 0.46, 0.92). During the year before death,
the OR for receipt of mammography was 0.37 (CI 0.27, 0.52).
To account for this level of illness burden, we fit a model that
excluded women who died in the following year, but the results
were unchanged (Table 3).

DISCUSSION

This study among older women diagnosed and treated for a
first primary breast cancer in integrated healthcare systems
found a decline in the use of mammography over time after
completion of initial therapy. We found that women at higher
risk of recurrence because of being diagnosed at later stage or
not receiving radiation therapy after breast-conserving therapy
were less likely to receive mammograms. Women with visits to
oncology or breast cancer surgery specialists during a year
were much more likely to receive a mammogram during that
year than those without such visits.

Several previous studies have examined use of surveillance
mammograms among breast cancer survivors using a variety
of data sources. Studies using the combined Surveillance
Epidemiology and End Results/Medicare data have relied on
Medicare claims and found rates among women age 65 and
older ranging from 62%7 over 2 years of follow-up to 78%
during the initial period postdiagnosis.10 In a previous study
among health systems participating in the Cancer Research
Network that included women age 55 and older diagnosed in
1996 and 1997, we found slightly lower rates.11 That study
and those using Medicare data did not have access to medical
records and were missing information on the reason for
mammography orders or the type of ordering physician. A
number of studies have found nonreceipt of radiation therapy
after breast-conserving surgery associated with lower rates of
follow-up mammography.8,9,10 Older age has also been consis-
tently associated with lower rates.

Strengths of this study include the existence of a carefully
defined sample, access to complete medical records, and a
high level of follow-up. Our loss to follow-up because of
disenrollment during the 4 years was 3%. There are several
limitations. We ascertained receipt of surveillance mammogra-
phy through medical record review. Although the women
included in the study were enrollees of health plans that are
responsible for their ambulatory and in-patient medical care
and the medical records are thorough, we may not have
captured some mammograms that did not produce negative
findings if they were not documented. This would lead to an
underestimate of the rate of mammography. The rates of
mammography found in this study may not be generalizable
to older women who receive medical care in the fee-for-service
system, where rates may be lower.

Guidelines for the follow-up of women with a history of
breast cancer recommend annual surveillance mammogra-
phy.6 The impact of annual mammography on survival has not
been evaluated in randomized trials; trials of intensive surveil-
lance have used annual mammography as the comparison

Table 2. Distribution of Type of Clinician Ordering the Mammograms over the 4 Years of Follow-up (Mutually Exclusive)

Year of follow-
up

Primary care physician,
N (%)

Breast cancer surgeon,
N (%)

Oncologist or oncology nurse,
N (%)

Other,
N (%)

No mammogram,
N (%)

Year 1 259 (14.7) 532 (30.2) 587 (33.3) 68 (3.9) 316 (17.9)
Year 2 240 (14.8) 381 (23.5) 545 (33.6) 88 (5.4) 370 (22.8)
Year 3 239 (16.0) 316 (21.2) 460 (30.8) 100 (6.7) 377 (25.3)
Year 4 228 (16.25) 236 (16.8) 373 (26.6) 120 (8.55) 446 (31.8)

Table 3. Multivariate Models Predicting Receipt of Mammography
(All Years Combined)

Variable Primary model Excluding women
who die in next year

OR* 95% CI OR*

Age 65–69 1.0 Referent 1.0
Age 70–74 1.0 0.83, 1.3 1.0
Age 75–79 0.94 0.74, 1.2 0.94
Age 80+ 0.54 0.43,

0.68
0.52

Charlson=0 1.00 Referent 1.0
Charlson=1 0.96 0.80, 1.1 0.94
Charlson>1 0.65 0.46,

0.92
0.68

Year before death 0.37 0.27,
0.52

NA

White (non-Hispanic) 1.00 Referent 1.0
Asian 0.62 0.39,

0.96
0.61

African American 0.74 0.58,
0.93

0.74

Hispanic 0.85 0.60, 1.2 0.85
Other/unknown 0.45 0.23,

0.90
0.47

Stage I 1.00 Referent 1.0
Stage IIA 0.72 0.59,

0.87
0.69

Stage IIB 0.75 0.57, 1.0 0.72
BCS† with radiation
therapy

1.00 Referent 1.0

BCS† w/o radiation
therapy

0.58 0.43,
0.77

0.57

Mastectomy 0.87 0.72, 1.1 0.89
Other or no Surgery 0.57 0.29, 1.1 0.59
No visit to a breast cancer
surgeon or oncologist

1.0 Referent 1.0

Visit to a breast cancer
surgeon

6.0 4.9, 7.4 5.8

Visit to an oncologist 7.4 6.1, 9.0 7.6
Time since end of first
course of therapy

1.0 Referent 1.0

Year 1
Year 2 0.87 0.74, 1.0 0.85
Year 3 0.88 0.74, 1.1 0.88
Year 4 0.73 0.61,

0.87
0.72

Odds ratios in italics are statistically significant at the 0.05 level.
*Odds ratio, adjusted for site
†Breast-conserving surgery
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standard of care with the assumption that surveillance
mammography is necessary to diagnose recurrences and new
primary breast cancers at an early stage when they have the
best prognosis.14,15 Population-based screening for cancers of
the breast has been shown to reduce the risk of death from
breast cancer,16 and routine mammograms after breast cancer
diagnosis have been found to detect subsequent contralateral
disease at an earlier stage than the initial breast cancer.17

Several studies have suggested better outcomes among women
whose local recurrences were detected through surveillance
mammography18, and recent studies of surveillance mammog-
raphy in older women with breast cancer have found an
association with both improved survival and reduction in
cancer-related worries.19

The potential importance of surveillance mammography is
highlighted by the results of 2 studies based on the experiences of
the women followed in the BOWproject. More than 5%developed
a local or regional breast cancer recurrence during the 10 years of
follow-up.20 These recurrences occurred as long as 8 years after
initial diagnosis, and 43% were identified before they were
symptomatic. Three percent were diagnosed with a new primary
breast cancer in the contralateral breast as long as 9 years after
the first diagnosis, and 62% were identified when presymptom-
atic. Assessment of the impact of surveillance mammography in
this group found that each additional surveillance mammogram
was associated with a 0.69-fold decrease in the odds of breast
cancer mortality (95% CI 0.52, 0.92).21

Receipt of surveillance mammography by breast cancer
survivors is a product of several factors, including physician
recommendations, access to oncology specialists, the existence
of clinical reminder systems, and, most importantly, the
decisions of the women themselves to participate in this aspect
of their medical care. Our finding of a strong association
between visits to oncologists and breast cancer surgeons and
receipt of surveillance mammography suggests that older
breast cancer survivors who do not visit these specialists may
not be aware of the role of surveillance mammography within
their survivorship care. The question of when to stop surveil-
lance mammography is not addressed in this study, although
the benefits of surveillance mammography clearly extend to at
least 5 years after initial diagnosis. The study also does not
identify when surveillance mammography is futile because of
comorbid conditions and short life expectancy. However, the
low rate of surveillance mammograms in women who died
within 12 months suggests that the clinicians caring for these
women did not continue surveillance mammography inappro-
priately. Our concern remains that women who could poten-
tially benefit from surveillance mammograms and their
physicians are more likely to underappreciate when these
studies still offer benefit than when they are futile.

Whether care is provided by primary care physicians alone
or in collaboration with cancer specialists, older breast cancer
survivors need to be aware of their increased risk of recur-
rences and second primaries and the potential for surveillance
mammography to detect these new occurrences asymptomat-
ically. Decisions by physicians and patients to discontinue
surveillance mammography should be informed by the risks
and benefits while taking into account the patient’s future life
expectancy, values, and preferences.

As highlighted in the recent Institute of Medicine Report,
From Cancer Patient to Cancer Survivor: Lost in Transition,22

there is a dearth of evidence about cancer survivors’ expecta-

tions and experiences with follow-up care. In the general
population of women, physician recommendations are strongly
associated with receipt of screening mammography.23 The
health systems included in this study all track mammography
utilization among their enrollees following the Health Plan
Employer Data and Information Set guidelines. These guide-
lines do not call for breast cancer screening for women more
than the age of 69 with no specific mention of breast cancer
survivors.

In this study, women without a visit to an oncologist or
breast cancer surgeon during a year had low rates of
mammography during that year. Moreover, the rates of such
visits steadily declined during the 4 years of follow-up.
Relying on specialist care for on-going surveillance may
undermine continuity of care, leaving survivors poorly
prepared for long periods of potentially increased risk. In
contrast to this finding, several randomized trials have
demonstrated that primary care physicians can provide
ongoing surveillance care to breast cancer survivors with
comparable outcomes,24 similar health-related quality of life
and costs, and greater satisfaction. Within 1 of the health-
care delivery systems participating in this study, implemen-
tation of an organized breast cancer screening program for
its general enrolled population of women age 40 and older
substantially increased the rate of mammography screening
and lowered the rate of late stage diagnosis.25 Similar
strategies that target healthcare systems, clinicians,
patients, and public policy need to be developed for surveil-
lance among breast cancer survivors.

CONCLUSIONS

We found that older breast cancer survivors at highest risk of
recurrence were least likely to receive surveillance mammog-
raphy and that women without a visit to an oncologist or
breast cancer surgeon during a year had particularly low rates
of mammography during the year. Improvements to surveil-
lance care for breast cancer survivors may require active
participation by primary care physicians and improvements
in cancer survivorship programs by healthcare systems.
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