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Abstract

Objective: We sought to identify and characterize examinations in women with a personal 

history of breast cancer (PHBC) likely performed for asymptomatic surveillance.

Methods: We included surveillance mammograms (1997–2017) in asymptomatic women with a 

personal history of breast cancer diagnosed at age ≥18 years (1996–2016) from 103 Breast Cancer 

Surveillance Consortium facilities. We examined facility-level variability in examination 

indication. We modeled the relative risk (RR) and 95% confidence intervals (CI) at the exam-level 
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of a: 1) non-screening indication and 2) surveillance interval ≤9 months using Poisson regression 

with fixed effects for facility, stage, diagnosis age, surgery, examination year and time since 

diagnosis.

Results: Among 244,855 surveillance mammograms, 69.5% were coded with a screening 

indication, 12.7% short-interval follow-up and 15.3% as evaluation of a breast problem. Within a 

facility, the proportion of examinations with a screening indication ranged from 6–100% (median 

86%, interquartile range (IQR) 79–92%). Facilities varied the most for exams in the first 5 years 

post-diagnosis where 39.4% of surveillance mammograms had a non-screening indication. Within 

a facility, breast conserving surgery (BCS) compared to mastectomy (RR=1.64;95%CI=1.60–1.68) 

and less time since diagnosis (1 year vs. 5 year RR=1.69;95%CI=1.66–1.72; 3 year vs. 5 

year=1.20;95%CI=1.18–1.23) were strongly associated with a non-screening indication with 

similar results for ≤9 month surveillance interval. Screening indication and >9-month surveillance 

intervals were more common in more recent years.

Conclusion: Variability in surveillance indications across facilities in the US supports including 

indications beyond screening in studies evaluating surveillance mammography effectiveness and 

demonstrates the need for standardization.

INTRODUCTION

More than 2.8 million women in the United States[1] with a personal history of breast 

cancer (PHBC) are recommended to receive annual surveillance mammography unless they 

have bilateral mastectomy with no residual breast tissue at risk.[2–6] Mammography 

surveillance after completing breast cancer treatment aims to detect early, asymptomatic 

second breast cancers in the ipsilateral or contralateral breast. No randomized controlled 

trials have studied benefits or harms of surveillance mammography. However, current 

national clinical guidelines[2–6] support annual surveillance mammography after initial 

breast cancer treatment based on meta-analyses of observational studies showing an 

association between surveillance mammography and reduced breast cancer mortality.[7–12] 

Evidence-based guidelines and comparative effectiveness analyses have been hindered by 

excluding women with a PHBC. There is a need to be able to evaluate the benefits, failures, 

and false alarms for women undergoing surveillance examination in order to generate 

surveillance effectiveness evidence in women with a PHBC.

An important challenge in further developing the evidence on surveillance strategies in 

women with a PHBC lies with variability and accuracy in examination indication for 

surveillance mammograms.[13, 14] The American College of Radiology (ACR) specifies 

that either screening or diagnostic examination codes can be used for mammography 

performed in asymptomatic surveillance of women with treated breast cancer, resulting in a 

variety of indications including: short-interval follow-up (typically 3–6 month intervals), 

diagnostic not-otherwise-specified (NOS), breast problem and screening.[14] Variability in 

indication may be a consequence of the ACR guidelines, Center for Medicare and Medicaid 

Services (CMS) higher reimbursement for diagnostic than screening mammography[15], 

provider practice patterns[16] and/or patient-centered diagnostic evaluation that enables 

women to receive same-day evaluations.
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We evaluated variability in surveillance mammography exam indication in women with a 

PHBC across facilities in the Breast Cancer Surveillance Consortium (BCSC) over time and 

by time since diagnosis. We sought to identify and characterize examinations in women with 

a PHBC likely performed for asymptomatic surveillance, to inform evidence gaps in 

performance benchmarking and comparative effectiveness evaluations.

METHODS

This study includes data from five Breast Cancer Surveillance Consortium (BCSC) registries 

(Carolina Mammography Registry, Kaiser Permanente Washington Registry, New 

Hampshire Mammography Network, San Francisco Mammography Registry, and Vermont 

Breast Cancer Surveillance System).[17] BCSC registries and the Statistical Coordinating 

Center received institutional review board approval for active or passive consenting 

processes to enroll participants, link data, and perform analytic studies and a Federal 

Certificate of Confidentiality and other protections for the identities of participating women, 

physicians, and facilities. All procedures are Health Insurance Portability and Accountability 

Act compliant.

Surveillance study population

This study includes mammograms between 1996–2017 in women with their first breast 

cancer diagnosed at age ≥18 years in 1996–2016 with American Joint Committee on Cancer 

(AJCC) stage 0-III.[18] BCSC cancer data are collected from state and regional tumor 

registries, regional Surveillance Epidemiology and End Results programs linkages, and local 

pathology databases. Data collected include stage at diagnosis, age at diagnosis, and primary 

surgery. Women had to have evidence of definitive surgery (breast conserving surgery (BCS) 

or mastectomy).

Exam characteristics

We included mammograms that occurred ≥6-months after women’s primary cancer 

diagnosis (to allow time for surgery).[14] The BCSC collects indication for examination 

reported by the facility as screening (asymptomatic) or diagnostic categories of additional 

evaluation of recent mammogram, short interval follow-up (SIFU), evaluation of breast 

problem, or other;. A category for diagnostic not otherwise specified (diagnostic NOS) is 

used when the specific diagnostic indications cannot be distinguished. Facilities may collect 

indication in more detailed categories, which get mapped into the BCSC categories by the 

registries. Indications vary by the mammography information system, which can change 

over time.[13] Each examination was linked to facility-level information including academic 

affiliation, profit status, and practice type (multi-specialty, full diagnostic, breast imaging 

only, non-radiology practice).

Patient questionnaires at the time of mammography collect demographic and breast cancer 

risk factor data including age, symptoms, prior breast procedures, and time since last 

mammogram. Time since last mammogram was based on the last mammogram recorded in 

the BCSC database (patient-reported, radiologist-reported or completed at a BCSC facility, 

whichever was more recent).
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Surveillance mammogram definition

We aimed to include all mammograms, including screening or diagnostic exams that were 

likely performed for asymptomatic surveillance.[19, 20] ACR’s Breast Imaging Reporting 

and Data System (BI-RADS) glossary[14] defines screening mammography as “an 

examination performed on an asymptomatic woman to detect early, clinically unsuspected 

breast cancer.” The same glossary states diagnostic mammography may be performed for 

various reasons including “short interval follow-up for a cancer patient recently treated with 

breast conservation therapy…at the interpreter’s discretion, after the period of short-interval 

follow-up is complete, the patient then may be returned to screening.” The BI-RADS 

manual states that “Other types of special screening examinations, such as those performed 

on asymptomatic women with a personal history of breast cancer or benign breast biopsy, 

and those performed on asymptomatic women with breast augmentation, are often 

performed as diagnostic examinations, but for audit purposes should be included in the 

screening group.” Therefore, we excluded mammograms with: 1) indications of additional 

evaluation of recent mammogram, other, or missing; 2) self-reported symptoms except 

generalized pain; 3) prior mammogram with any indication within 90 days; 4) self-reported 

bilateral mastectomy; 5) BI-RADS assessment category 6 (known malignancy); 6) 

diagnostic indication mammogram completed on the same day as a screening mammogram, 

or 7) indications of breast problem or diagnostics NOS if performed at facilities with 

missing self-reported symptom information.

Study dataset

Since our objective was to examine facility-level variability in exam indication over time, we 

only included examinations from facilities meeting a minimum number of surveillance 

mammograms. Our analytic dataset started with 157 BCSC facilities with data on 247,146 

surveillance mammograms meeting the above definition. Facilities were excluded if they had 

less <10 surveillance exams each year (N=33), <3 consecutive years of data (N=10), or <100 

total surveillance mammograms (N=11). These combined volume by year criteria were used 

to exclude facilities with less stable estimates by year and over time. The final study dataset 

included 103 facilities and 244,855 surveillance mammograms.

Analysis

Analyses were conducted at facility and mammogram levels. At the facility level, we 

examined facility characteristics and surveillance mammogram proportions for each 

indication. Anon-parametric rank sum test was used to evaluate whether facility 

characteristics were associated with the proportion of screening exams. Variability in 

indication across facilities stratified by time since diagnosis (up to 10-years) is shown with 

boxplots containing interquartile range (IQR).

At the mammogram-level, we examined surveillance mammography indication distribution 

by time since diagnosis, stratified on calendar year. We modeled the relative risk of a non-

screening indication using a log-binomial model with Poisson regression. The model 

included fixed effects for facility, stage and age at diagnosis, surgery, examination year, and 

time since diagnosis and an independent working correction structure to account for multiple 

exams per woman. Facility was modeled as a fixed effect to control for indication variability 
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across facilities and to examine other factors within a facility. Facility relative risk was 

adjusted to be relative to the “average” facility by dividing the relative risk by the average 

risk across all facilities.

To evaluate surveillance interval, we looked for a prior mammogram up to 21 months. By 

definition, all mammogram were at least 3 months apart. We graphed the distribution of time 

since prior mammogram by indication of current examination overall and stratified by age 

and stage at diagnosis and surgery. We modeled the relative risk of a surveillance 

mammogram interval ≤9 months versus >9–21 months using the same Poisson model 

described above. Analysis were done using SAS 9.4 and Tableau 2019.1 for figures.

RESULTS

Facility-level

Most facilities were non-academic (93.2%) and not-for-profit (75.6%). Most facilities 

(57.3%) contributed ≥500 exams and most (68.0%) contributed at least 10 years of data 

(Table 1). The average number of surveillance mammograms across facilities was 2377 

(median=916, interquartile range (IQR) 252–2782) and facilities contributed an average of 

13 years (median=13, IQR 7–19) of data.

Variability by facility is shown in Figure 1. The proportion with a screening indication 

ranged from 6–100% across facilities. Nine of the 103 facilities used the diagnosis NOS 

indication. Diagnostic indications for facilities not using the diagnostic NOS indication 

ranged from 0–53% SIFU and 0–91% breast problem. For facilities using the diagnostic 

NOS indication, diagnostic variability ranged from 0–11% SIFU, 0–10% breast problem, 

and 1–43% diagnostic NOS. There was no association between screening indication and 

facility characteristics of academic status, profit status, or practice type (data not shown).

Variability in indication by number of years since diagnosis is shown in Figure 2, stratified 

by whether facilities use diagnostic NOS. A facility, represented by a dot, appears in each 

year post-diagnosis in which they contribute data with boxplots showing the median and 

IQR. Facilities not using diagnostic NOS had wide variability in indication in the first 5 

years post-diagnosis with some facilities having over 50% of exams with breast problems or 

SIFU. However, after 5 years post-diagnosis, all facilities used SIFU for less than 30% of 

examinations while breast problem continued to be used at some facilities for over 50% of 

examinations. The proportion of examinations with a screening indication by facility 

increased from a median of 70.1% (IQR 49.3–81.6%; range 1.8–100) the first year following 

diagnosis to 97.6% (IQR 94.4–100; range 22.1.–100) by 10 years following diagnosis 

(Supplement Table 2). Facility variability persisted for screening and breast problem 

indications throughout 10 years of follow-up.

Facilities that used diagnostic NOS primarily used this indication within the first 5-years 

following diagnosis; the median (IQR) decreased over time from 25.3% (IQR 7.2–38.4%; 

range 2.1–59.1%) one-year post-diagnosis to 9.8% (IQR 0–15.0%; range 0–21.4%) 10 years 

post-diagnosis. Screening indication use reflected a corresponding increase over time since 

diagnosis from a median of 69.6% (IQR 61.6–75.6%; range 15.7–92.8%) in year-1 to 90.2% 
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(IQR 85–100%; range 78.6–100%) at 10 years post-diagnosis. The use of SIFU and breast 

problem was low due to only 3 of the 9 facilities using those indications.

Mammogram-level

Among all surveillance mammograms, 69.5% were coded with a screening indication, and 

30.5% had a non-screening indication:12.7% SIFU and 15.3% as evaluation of a breast 

problem (Supplemental Table 1). Diagnostic NOS indication contributed up 3% of all exams 

and 20% of exams among facilities using that indication. Examinations with screening 

indications increased with increasing years since diagnosis regardless of calendar year 

(Figure 3). Overall, screening indication increased from 51% of all exams at 1-year post-

diagnosis to 85% at 10 years post-diagnosis (data not shown). Calendar year was associated 

with indication with a greater proportion of examinations coded with a screening indication 

in more recent years (2012–2017) compared to earlier years (1997–2001).

The non-screening indication model included 243,777 mammograms from 101 facilities 

(excluded two facilities with 100% screening). All factors in the model were associated with 

a non-screening indication (Table 2). Facility relative risks compared to an “average” facility 

ranged from 0.03 (95%CI 0.01–0.08) to 4.56 (95%CI 4.33–4.80). Within a facility, women 

with BCS were more likely to have an exam with a non-screening indication compared to 

mastectomy (RR 1.64 95%CI 1.60–1.68). Non-screening indications occurred less with 

increasing time since diagnosis compared to 5 years post-diagnosis (1 year: RR=1.69; 

95%CI 1.66–1.72 decreased monotonically to RR=1.09; 95%CI 1.07–1.10 by 4 years and 

RR=0.52; 95%CI 0.50–0.54 by 11+ year).

Figure 4 depicts time since last mammogram by indication for the current examination. 

Surveillance intervals peaked at 6 and 12 months across all indications with screening and 

breast problem examinations mostly centered at 12 months, SIFU examinations at 6-months 

and diagnostic NOS having two peaks at 6 and 12-months (larger). Surveillance interval did 

not differ by age or stage at diagnosis, but a greater proportion of exams among women with 

BCS occurred around 6-months and fewer at 12 months compared to women with 

mastectomy (Supplemental Figure 1A-C). The model for surveillance interval included 

229,410 mammograms from all facilities. Facility relative risks compared to an “average” 

facility ranged from 0.23 (95%CI 0.09–0.54) to 2.51 (95%CI 2.38–2.65). Within a facility, 

more frequent imaging was strongly associated with examinations in women with BCS 

compared to mastectomy (RR 3.11;95%CI 2.99–3.23) (Table 3). More years since diagnosis 

was also associated with longer mammography intervals.

DISCUSSION

We examined variability in surveillance mammography indications among asymptomatic 

women with a PHBC across 103 facilities in the US and observed wide variability between 

facilities that was not explained by patient characteristics. While tailoring surveillance 

strategies for women with a PHBC could improve short- and long-term outcomes, there are 

no ongoing or planned clinical trials on surveillance intervals and modalities in women with 

a PHBC. Surveillance indication variability in current clinical practice across facilities and 

women at different time points following treatment limits the availability of accurate 
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information for performance benchmarking and comparative effectiveness evaluations of 

imaging technology and surveillance intervals. Given the growing population of breast 

cancer survivors, there is a need to evaluate high-quality longitudinal, observational data to 

inform developing tailored surveillance strategies. Surveillance mammography indication 

variability across US radiology facilities likely represents different coding and referral 

practices rather than true differences in clinical indication and supports including indications 

beyond screening to evaluate surveillance mammography effectiveness.

While this study demonstrates significant variability in facility-level surveillance 

mammograms indication use, it was beyond the scope of this analysis to determine exact 

indication attribution. Possible explanations include differential reimbursement by Center for 

Medicare and Medicaid Services (CMS) for annual screening or diagnostic 

mammograms[15] and ACR guidelines[14] that support variable coding strategies for 

surveillance mammograms; both policies have increased reimbursement to radiologists for 

diagnostic mammography. However, the profit-status of a facility was not associated with 

indication, suggesting reimbursement may not be driving indication. We have also reported 

that providers[16] and facilities may prefer diagnostic mammography orders and scheduling 

to allow them to add additional projections as needed in real-time for women with a PHBC 

(and not require the patient to get another order from a physician for additional diagnostic 

views after screening).

Performance outcomes of surveillance mammography that solely include screening 

indication would systematically exclude a substantial proportion of examinations in women 

with a personal history of breast cancer (39.4% in the first 5 years), disproportionately 

excluding surveillance examinations from women with BCS and examinations most 

proximal to initial breast cancer diagnosis. Previous BCSC studies have reported 

surveillance mammography sensitivity from 65.6%[21] to 70.3%[22] with high interval-

cancer rates (2.9 per 1,000 examinations (95%CI 2.5–3.3).[23] Additionally, new breast 

imaging modalities and supplemental imaging could result in improved outcomes, but they 

complicate decision-making for women with a PHBC, providers and insurers. We also 

previously evaluated all mammograms following diagnosis to understand patterns of use in 

19,955 women diagnosed with an incident breast cancer (stages 0-III) between 2005 and 

2012.[20] In that study, we reported substantial woman-level variability in mammography 

receipt by examination indication and time since diagnosis, with screening indication 

increasing over time. Nearly one-third of women had two or more breast examination in the 

first-year post-diagnosis with examination frequency decreasing by time since diagnosis. 

Like Henderson et al[20], we observed different coding and examination frequency by 

primary surgery but not by stage. The current study provides additional information on 

facility-level variability in examination indication and time between exams.

Despite recommended annual surveillance intervals[2–6] for asymptomatic women with a 

PHBC, we observed more frequent screening intervals, particularly in women with breast 

conserving surgery. Although 6-month surveillance intervals were most commonly 

associated with SIFU, they were observed across all indications. Expanding the inclusion of 

different examination indications as surveillance will require additional consideration of 

examination intervals and their influence on performance. Traditional audit benchmarks use 
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12-month follow-up[14] to measure surveillance performance. Guidance for screening 

intervals (<12 months) have not yet been addressed for performance auditing and 

comparative studies. Performance measurement and comparative surveillance strategies in 

women with more frequent screening are likely to grow as more women with a PHBC have 

multi-modality screening, which has the potential to influence outcome attribution during 

overlapping follow-up periods of these tests. We recently reported more than 10% of women 

with a recent breast cancer diagnosis had a combination of surveillance mammography and 

MRI, which we expect will continue to rise.[20, 24]

Standardizing surveillance mammography coding practices could improve comparison of 

performance benchmarking and comparative effectiveness evaluations of surveillance 

strategies. Appropriately accounting for, and classifying, surveillance imaging exams 

impacts >2 million women with living with breast cancer treatment and impacting their 

clinical care. The ACR BI-RADS manual[14] notes that surveillance mammography is a 

special examination that is often performed as a diagnostic indication even though the 

woman is asymptomatic and should be included in medical audits as screening 

examinations. Formalizing this concept consistently in clinical practice likely requires a 

multifactorial approach. For example, facilities might create an examination code specific to 

surveillance to enable scheduling of screening examinations with immediate results 

interpretation and additional imaging as needed, and support inclusion of these examinations 

with screening mammography when performing medical audits. Additionally, a separate 

CPT code to accompany a new facility level examination code may be useful to consistently 

identify asymptomatic women receiving surveillance mammography examinations. Such a 

code would require consideration whether billing and reimbursement should be the same as 

for screening mammography or at a higher level if same day interpretation and additional 

diagnostic imaging are performed.

Limitations

We were unable to evaluate reasons behind facility coding patterns, which are likely 

multifactorial. Ordering provider practices may ultimately be determining indication coding; 

however, the BCSC does not have ordering provider information and ultimately facilities 

may recode exams based on standardized coding practices.[25] We were also unable to 

evaluate the potential influence of factors such as geography that ties to urbanicity and 

access, which may be important factors driving practice variability. Additionally, these 

results are not intended to provide surveillance mammogram performance benchmarks. 

Despite our best effort at limiting our evaluation to examinations in asymptomatic women, it 

is possible for residual misclassification if symptom data were missing.

Conclusions

Variability in surveillance mammography indication across US radiology facilities likely 

represents different coding and referral practices rather than true differences in clinical 

indication and supports including indications beyond screening to evaluate surveillance 

mammography effectiveness.

Buist et al. Page 8

J Am Coll Radiol. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

We thank the participating women, mammography facilities, and radiologists for the data they have provided for 
this study. This research was funded by the National Cancer Institute (P01CA154292). Data collection for this work 
was additionally supported, in part, by funding from the National Cancer Institute (U54CA163303) and the Patient-
Centered Outcomes Research Institute (PCS-1504–30370). Dr. CI Lee’s effort was supported in part by the 
American Cancer Society (126947-MRSG-1416001CPHPS). Ms. Bowles’ effort was supported by the National 
Cancer Institute (R50 211115). The collection of cancer and vital status data used in this study was supported in 
part by several state public health departments and cancer registries throughout the U.S. For a full description of 
these sources, please see: https://www.bcsc-research.org/about/work-acknowledgement. All statements in this 
report, including its findings and conclusions, are solely those of the authors and do not necessarily represent the 
views of the Patient-Centered Outcomes Research Institute (PCORI), its Board of Governors or Methodology 
Committee, nor those of the National Cancer Institute, the National Institutes of Health, or the Agency for Health 
Research and Quality. We thank the participating women, mammography facilities, and radiologists for the data 
they have provided for this study. For a full description of these sources, please see http://www.bcsc-research.org/
work/acknowledgement.html.

Funding: This research was supported by the National Cancer Institute’s Breast Cancer Surveillance Consortium 
P01CA154292. Data collection for this work was additionally supported, in part, by funding from the National 
Cancer Institute (U54CA163303) and the Patient-Centered Outcomes Research Institute (PCS-1504–30370). 
Cancer data collection was supported in part by several state public health departments and cancer registries 
throughout the United States. For a full description of these sources, please see http://www.bcsc-research.org/work/
acknowledgement.html. CI Lee’s effort was supported in part by the American Cancer Society (126947-
MRSG-1416001CPHPS). EJAB’s effort was supported by the National Cancer Institute (R50 211115).

Role of the Funder: The funding agencies had no role in study design; in the collection, analysis and interpretation 
of data; in the writing of the report; or in the decision to submit the article for publication.

REFERENCES

1. American Cancer Society. Breast Cancer Detailed Guide - What are the Key Statistics About Breast 
Cancer? 2016 [updated May 4, 2016. Available from: http://www.cancer.org/cancer/breastcancer/
detailedguide/breast-cancer-key-statistics.

2. Runowicz CD, Leach CR, Henry NL, Henry KS, Mackey HT, Cowens-Alvarado RL, et al. 
American Cancer Society/American Society of Clinical Oncology Breast Cancer Survivorship Care 
Guideline. J Clin Oncol. 2016;34(6):611–35. [PubMed: 26644543] 

3. Moy L, Newell MS, Mahoney MC, Bailey L, Barke LD, Carkaci S, et al. ACR Appropriateness 
Criteria stage I breast cancer: initial workup and surveillance for local recurrence and distant 
metastases in asymptomatic women. J Am Coll Radiol. 2014;11(12 Pt A):1160–8. [PubMed: 
25444069] 

4. Khatcheressian JL, Hurley P, Bantug E, Esserman LJ, Grunfeld E, Halberg F, et al. Breast cancer 
follow-up and management after primary treatment: American Society of Clinical Oncology clinical 
practice guideline update. J Clin Oncol. 2013;31(7):961–5. [PubMed: 23129741] 

5. National Comprehensive Cancer Network (NCCN). Clinical Practice Guidelines in Oncology - 
Breast Cancer Fort Washington, PA: National Comprehensive Cancer Network (NCCN); 2016 
[Clinical Practice Guidelines in Oncology - Breast Cancer, Version 1.2016. :[Available from: http://
nccn.org.

6. Lee CH, Dershaw DD, Kopans D, Evans P, Monsees B, Monticciolo D, et al. Breast cancer 
screening with imaging: recommendations from the Society of Breast Imaging and the ACR on the 
use of mammography, breast MRI, breast ultrasound, and other technologies for the detection of 
clinically occult breast cancer. J Am Coll Radiol. 2010;7(1):18–27. [PubMed: 20129267] 

7. Lu WL, Jansen L, Post WJ, Bonnema J, Van de Velde JC, De Bock GH. Impact on survival of early 
detection of isolated breast recurrences after the primary treatment for breast cancer: a meta-
analysis. Breast Cancer Research and Treatment. 2009;114(3):403–12. [PubMed: 18421576] 

Buist et al. Page 9

J Am Coll Radiol. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.bcsc-research.org/about/work-acknowledgement
http://www.bcsc-research.org/work/acknowledgement.html
http://www.bcsc-research.org/work/acknowledgement.html
http://www.bcsc-research.org/work/acknowledgement.html
http://www.bcsc-research.org/work/acknowledgement.html
http://www.cancer.org/cancer/breastcancer/detailedguide/breast-cancer-key-statistics
http://www.cancer.org/cancer/breastcancer/detailedguide/breast-cancer-key-statistics
http://nccn.org
http://nccn.org


8. Houssami N, Ciatto S. Mammographic surveillance in women with a personal history of breast 
cancer: how accurate? How effective? Breast. 2010;19(6):439–45. [PubMed: 20547457] 

9. Lash TL, Clough-Gorr K, Silliman RA. Reduced rates of cancer-related worries and mortality 
associated with guideline surveillance after breast cancer therapy. Breast Cancer Res Treat. 
2005;89(1):61–7. [PubMed: 15666198] 

10. Lash TL, Fox MP, Buist DS, Wei F, Field TS, Frost FJ, et al. Mammography surveillance and 
mortality in older breast cancer survivors. J Clin Oncol. 2007;25(21):3001–6. [PubMed: 
17548838] 

11. Lash TL, Fox MP, Silliman RA. Reduced mortality rate associated with annual mammograms after 
breast cancer therapy. Breast J. 2006;12(1):2–6. [PubMed: 16409580] 

12. Buist DS, Bosco JL, Silliman RA, Gold HT, Field T, Yood MU, et al. Long-term surveillance 
mammography and mortality in older women with a history of early stage invasive breast cancer. 
Breast Cancer Res Treat. 2013;142(1):153–63. [PubMed: 24113745] 

13. Weiss JE, Goodrich M, Harris KA, Chicoine RE, Synnestvedt MB, Pyle SJ, et al. Challenges With 
Identifying Indication for Examination in Breast Imaging as a Key Clinical Attribute in Practice, 
Research, and Policy. J Am Coll Radiol. 2017;14(2):198–207.e2. [PubMed: 27744009] 

14. Sickles EA, D’Orsi CJ, Bassett LW, et al. ACR BI-RADS® Mammography. 5th ed. Reston, VA: 
American College of Radiology; 2013.

15. Department of Health & Human Services, Centers for Medicare & Medicaid Services. Medicare 
Carriers Manual Part 3 - Claims Process 2002 [Available from: https://www.cms.gov/Regulations-
and-Guidance/Guidance/Transmittals/downloads/R1775B3.pdf.

16. Wernli K, Brandzel S, Buist D, Bush M, DeMartini W, Ichikawa L, et al. Is Breast MRI Better at 
Finding Second Breast Cancers than Mammograms Alone for Breast Cancer Survivors? 
Washington, DC: Patient-Centered Outcomes Research Institute; 2019.

17. Breast Cancer Surveillance Consortium. Breast Cancer Surveillance Consortium 2019 [Available 
from: https://www.bcsc-research.org/.

18. Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th edition of the AJCC 
cancer staging manual and the future of TNM. Ann Surg Oncol. 2010;17(6):1471–4. [PubMed: 
20180029] 

19. American College of Radiology. ACR Practice Parameter for the Performance of Screening and 
Diagnostic Mammography: American College of Radiology; 2018 [Available from: https://
www.acr.org/-/media/ACR/Files/Practice-Parameters/Screen-Diag-Mammo.pdf.

20. Henderson LM, Ichikawa L, Buist DSM, Lee JM, Bush M, Johnson D, et al. Patterns of Breast 
Imaging Use Among Women with a Personal History of Breast Cancer. J Gen Intern Med. 2019 
10;34(10):2098–2106. doi: 10.1007/s11606-019-05181-6. [PubMed: 31410813] 

21. Houssami N, Abraham LA, Miglioretti DL, Sickles EA, Kerlikowske K, Buist DS, et al. Accuracy 
and outcomes of screening mammography in women with a personal history of early-stage breast 
cancer. JAMA. 2011;305(8):790–9. [PubMed: 21343578] 

22. Wernli KJ, Ichikawa L, Kerlikowske K, Buist DSM, Brandzel SD, Bush M, et al. Surveillance 
Breast MRI and Mammography: Comparison in Women with a Personal History of Breast Cancer. 
Radiology. 2019;292(2):311–8. [PubMed: 31161975] 

23. Lee JM, Abraham L, Lam DL, Buist DSM, Kerlikowske K, Miglioretti DL, et al. Cumulative Risk 
Distribution for Interval Invasive Second Breast Cancers After Negative Surveillance 
Mammography. J Clin Oncol. 2018;36(20):2070–7. [PubMed: 29718790] 

24. Monticciolo DL, Newell MS, Moy L, Niell B, Monsees B, Sickles EA. Breast Cancer Screening in 
Women at Higher-Than-Average Risk: Recommendations From the ACR. J Am Coll Radiol. 
2018;15(3 Pt A):408–14. [PubMed: 29371086] 

25. Patel BK, Lee CS, Kosiorek HE, Newell MS, Pizzitola VJ, D’Orsi CJ. Variability of Postsurgical 
Imaging Surveillance of Breast Cancer Patients: A Nationwide Survey Study. AJR Am J 
Roentgenol. 2018;210(1):222–7. [PubMed: 29064749] 

Buist et al. Page 10

J Am Coll Radiol. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cms.gov/Regulations-and-Guidance/Guidance/Transmittals/downloads/R1775B3.pdf
https://www.cms.gov/Regulations-and-Guidance/Guidance/Transmittals/downloads/R1775B3.pdf
https://www.bcsc-research.org/
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/Screen-Diag-Mammo.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/Screen-Diag-Mammo.pdf


TAKE-HOME POINTS

• We observed variability across United States facilities in use of screening, 

SIFU, breast problem and diagnostic NOS indications for surveillance 

mammography in women with treated breast cancer. Variability was most 

strongly driven by facility, time since diagnosis and primary surgery.

• Evaluations of surveillance mammography focused solely on screening 

indication may systematically exclude a substantial proportion of 

mammograms, particularly examinations within the first five years of 

treatment completion and in women who undergo breast conserving surgery.

• Our results suggest standardization in surveillance mammography indication 

coding practices could improve comparison performance benchmarking and 

comparative effectiveness evaluations of tailored screening strategies.
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Figure 1. 
Distribution surveillance mammograms examination indications in women with a personal 

history of breast cancer* for 103 BCSC facilities†

*Diagnosed age ≥18 years in 1996 or later AJCC stage 0-III

†Each bar represents a single facility. All facilities have ≥3 consecutive years of data, ≥100 

surveillance mammograms. 244,855 surveillance mammograms occurring at ≥6-months 

after cancer diagnosis

SIFU: Short interval follow-up
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Figure 2. 
Facility-level distribution of surveillance mammograms by indication by year since 

diagnosis, stratified by facilities that use and do not use Diagnostic Not-Otherwise-Specified 

(NOS)*

*Each dot represents a facility’s proportion of each indication among exams within each 

yearly interval post-diagnosis. Boxes contain interquartile range and whiskers are 1.5 times 

the IQR.
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Figure 3. 
Distribution of surveillance mammograms by exam year* by year since diagnosis stratified 

by indication and stratified by facilities that use and do not use Diagnostic Not-Otherwise-

Specified (NOS)

*Colored lines represent the proportion of each indication among total exams within each 

yearly interval post-diagnosis stratified by exam year.
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Figure 4. 
Distribution of time since last exam (up to 21 months) by current indication for exam
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Table 1.

Description of BCSC facilities conducting surveillance examinations between 1996–2017 in women with a 

personal history of breast cancer*

Characteristic N = 103 (%)

Academic medical center

 Yes 7 (6.8)

 No 96 (93.2)

Profit status

 For profit 20 (24.4)

 Not for profit 62 (75.6)

 Missing 21

Practice type

 Multi-specialty breast center 22 (21.4)

 Full diagnostic radiology practice 68 (66.0)

 Radiology practice limited to breast imaging only 9 (8.7)

 Non-radiology practice 4 (3.9)

Number of years in study

 3–5 17 (16.5)

 6–9 16 (15.5)

 10–19 49 (47.6)

 ≥20 21 (20.4)

Number of surveillance examinations in study

 100–499 44 (42.7)

 500–1999 25 (24.3)

 2000–4999 24 (23.3)

 ≥5000 10 (9.7)

Number of facilities in each time interval post-diagnosis (not mutually exclusive)

 1y (6-<18 months) 102 (99.0)

 2y (18-<30 months) 103 (100)

 3y (30-<42 months) 103 (100)

 4y (42-<54 months) 102 (99.0)

 5y (54-<66 months) 99 (96.1)

 6y (66-<78 months) 100 (97.1)

 7y (78-<90 months) 97 (94.2)

 8y (90-<102 months) 92 (89.3)

 9y (102-<114 months) 89 (86.4)

 10y (114-<126 months) 85 (82.5)

 >10y (126+ months) 79 (76.7)

*
244,855 surveillance mammograms in women with their first breast cancer diagnosed at age ≥18 years in 1996–2016 with stage 0-III
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Table 2.

Relative risk (RR) and 95% confidence interval (CI) from Poisson model for a non-screening indication 

among N=243,777 mammograms from 101 facilities*

Characteristic  RR 95% CI p-value

Facility RR (95% CI) compared to “average” facility ranged from 0.03 (0.01, 0.08) to 4.56 (4.33, 4.80) <.0001

AJCC Stage 0-IIA 1.00 (ref) 0.03

IIB-III 1.02 (1.00, 1.04)

Surgery Mastectomy 1.00 (ref) <.0001

BCS 1.64 (1.60, 1.68)

Age at diagnosis <50 years 1.00 (ref) <.0001

50+ years 0.97 (0.96, 0.98)

Year of exam 1997–2000 1.00 (ref) <.0001

2001–2004 1.06 (1.04, 1.09)

2009–2012 0.93 (0.91, 0.95)

2013–2017 0.89 (0.87, 0.91)

Time since diagnosis 1 year (6-<18mo) 1.69 (1.66, 1.72) <.0001

3 years (30-<42 months) 1.20 (1.18, 1.23)

4 years (42-<54 months) 1.09 (1.07, 1.10)

5 years (54-<66 months) 1.00 (ref)

6 years (66-<78 months) 0.83 (0.81, 0.85)

7 years (78-<90 months) 0.73 (0.71, 0.75)

8 years (90-<102 months) 0.65 (0.62, 0.67)

9 years (102-<114 months) 0.61 (0.59, 0.64)

10 years (114-<126 months) 0.60 (0.57, 0.63)

11+ years (126+ months) 0.52 (0.50, 0.54)

     

*
Excludes n=1,078 mammograms (0.4% of total) from two facilities with 100% screening.
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Table 3.

Relative risk (RR) and 95% confidence interval (CI) from Poisson model for a surveillance interval <9 months 

compared 9–21 months among N=229,410 mammograms from 103 facilities*

Characteristic RR 95% CI p-value

Facility RR (95% CI) compared to “average” facility ranged from 0.23 (0.09, 0.54) to 2.51 (2.38, 2.65) <.0001

AJCC Stage 0-IIA 1.00 (ref) 0.21

IIB-III 0.98 (0.96, 1.01)

Surgery Mastectomy 1.00 (ref) <.0001

BCS 3.11 (2.99, 3.23)

Age at diagnosis <50 years 1.00 (ref) 0.03

50+ years 0.98 (0.96, 1.00)

Year of exam 1997–2000 1.00 (ref) <.0001

2001–2004 1.03 (1.00, 1.06)

2005–2008 0.95 (0.93, 0.98)

2009–2012 0.92 (0.89, 0.95)

2013–2017 0.83 (0.81, 0.86)

Time since diagnosis 1 year (6-<18mo) 2.55 (2.49, 2.62) <.0001

3 years (30-<42 months) 1.51 (1.48, 1.55)

4–5 years (30-<66 months) 1.00 (ref)

6–10 years (66-<126 months) 0.41 (0.39, 0.43)

11+ years (126+ months) 0.25 (0.23, 0.28)

     

*
Excludes n=15,445 mammograms (6% of total) with no prior mammogram within 21 months
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