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Objective. To develop and validate Medicare claims-based approaches for identify-
ing abnormal screening mammography interpretation.
Data Sources. Mammography data and linkedMedicare claims for 387,709 mammo-
grams performed from 1999 to 2005 within the Breast Cancer Surveillance Consor-
tium (BCSC).
Study Design. Split-sample validation of algorithms based on claims for breast imag-
ing or biopsy following screening mammography.
Data Extraction Methods. Medicare claims and BCSC mammography data were
pooled at a central Statistical Coordinating Center.
Principal Findings. Presence of claims for subsequent imaging or biopsy had sensi-
tivity of 74.9 percent (95 percent confidence interval [CI], 74.1–75.6) and specificity of
99.4 percent (95 percent CI, 99.4–99.5). A classification and regression tree improved
sensitivity to 82.5 percent (95 percent CI, 81.9–83.2) but decreased specificity
(96.6 percent, 95 percent CI, 96.6–96.8).
Conclusions. Medicare claims may be a feasible data source for research or quality
improvement efforts addressing high rates of abnormal screening mammography.
Key Words. Breast cancer, mammography, Medicare, quality assessment,
screening

The recall rate is a widely used measure of screening mammography per-
formance. Abnormal screening mammography, in which a woman is
recalled for diagnostic evaluation for possible breast cancer, occurs com-
monly, affecting about 1 in 10 screening mammograms in the United
States (Rosenberg et al. 2006). Screening mammography recall rates in
U.S. community practice are much higher than in other countries,
although cancer detection rates are similar (Smith-Bindman et al. 2003),
suggesting that recall rates in the United States could be lowered without
compromising cancer detection.
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Benchmarks for acceptable mammography recall rate have been estab-
lished (Sickles, Wolverton, and Dee 2002; Rosenberg et al. 2006; Carney et al.
2010), and the federal Mammography Quality Standards Act (MQSA)
requires mammography facilities to audit radiologist- and facility-level recall
rates as a means of quality assurance, although these data are not publicly
available (FDA 2014). The recall rate is included in the Medicare Hospital
Outpatient Quality Reporting Program, which incents hospital outpatient
departments to allow public reporting of claims-based quality metrics in
exchange for potentially higher Medicare payments (Centers for Medicare
and Medicaid Services 2014). However, to our knowledge, the claims-based
recall measure used in this program has not been externally validated. With
over 8.5 million women receiving mammograms paid for by Medicare annu-
ally (Lee et al. 2009), Medicare claims data might facilitate mammography
quality assessment. If coupled with valid measures of breast cancer detection,
a validated claims-based recall measure could provide an efficient means of
direct public evaluation of this important dimension of mammography qual-
ity. However, no direct information on radiologist’s interpretation is available
inMedicare claims.

Although several studies have attempted to use Medicare claims to esti-
mate measures of screening mammography performance (Welch and Fisher
1998; Tan et al. 2006), claims provide no direct information about abnormal
interpretation. Identifying recalled mammograms using claims is challenging
because claims only contain information on women who return for subse-
quent diagnostic evaluation. Estimating facility- or radiologist-specific recall
rates is further complicated by small sample sizes, which may lead to unstable
estimates and possible errors in the attribution of claims to individual radiolo-
gists or facilities.

In this study, we sought to validate the use of Medicare claims for
identification of abnormal screening mammography using linked reference
standard data from the Breast Cancer Surveillance Consortium (BCSC). By
combining claims data with clinical information on mammography
interpretation, we were able to estimate the accuracy of claims-based
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approaches to defining abnormal mammography results. We also compared
radiologist recall rate estimates based on reference standard data to esti-
mates based on claims alone. We hypothesized that Medicare claims codes
for diagnostic evaluation procedures, breast-related symptoms, and breast
cancer diagnoses subsequent to a screening mammogram would accurately
predict abnormal mammography and enable accurate estimation of radiolo-
gist recall rates.

METHODS

Data

Medicare claims from 1998 to 2006 were linked with BCSC mammography
data derived from regional mammography registries in four states (North Car-
olina; San Francisco Bay Area, CA; New Hampshire; and Vermont) (http://
breastscreening.cancer.gov/). BCSC facilities submit prospectively collected
patient and mammography data to regional registries, which link the data to
breast cancer outcomes ascertained from cancer registries. Mammography
data include radiologist information on examination purpose (screening or
diagnostic) and interpretation (normal or abnormal). BCSC sites have
received institutional review board approval for active or passive consenting
processes or a waiver of consent to enroll participants, link data, and perform
analytic studies. All procedures are Health Insurance Portability and Account-
ability Act compliant, and BCSC sites have received a Federal Certificate of
Confidentiality to protect the identities of patients, physicians, and facilities.
Women in the BCSC database were matched to Medicare claims data using
Social Security number, name, date of birth, and date of death. Among
women aged 65 years and older and BCSC enrolled during the study period,
over 87 percent were successfully matched to Medicare claims. We used data
fromMedicare claims files (the Carrier Claims, Outpatient, and Inpatient files)
and theMedicare denominator file, which provides demographic, enrollment,
and vital status data.

SUBJECTS

We identified a sample of screening mammograms inMedicare claims and the
BCSCwith the same date of service among women who were aged 66 or older
on mammography dates from January 1, 1999, to December 31, 2005. Screen-
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ing mammograms were identified from Medicare claims data using a previ-
ously validated algorithm for distinguishing screening and diagnostic mam-
mograms (Fenton et al. 2012). We chose to identify screening mammograms
using Medicare claims codes (rather than BCSC data on the radiologist’s indi-
cation) so that our data would resemble a sample of mammograms that would
be available to researchers who only had access toMedicare claims.

From this matched sample, we selected screening mammograms for
women with continuous enrollment in fee-for-service Medicare (parts A and
B) for 12 months before and after mammography and with no enrollment in a
Medicare HMO during this period. These enrollment criteria ensured com-
plete capture of Medicare claims. Premammogram enrollment was required
to facilitate correct classification of screening mammography purpose. Post-
mammogram enrollment was required for identification of claims codes indic-
ative of an abnormal mammography result. We randomly divided the
matched sample into two half-samples, one for algorithm training and one for
validation.

Definitions

We defined the reference standard for mammography interpretation using
BCSC data on radiologists’ assessments and recommendations. A screening
mammogram was considered abnormal if the American College of Radiology
Breast Imaging Reporting and Data System (BI-RADS�) (American College
of Radiology 2003) assessment was 0 (needs additional imaging evaluation); 4
(suspicious abnormality); 5 (highly suggestive of malignancy); or 3 (probably
benign finding) with a recommendation for immediate follow-up.

We used Healthcare Common Procedure Coding System (HCPCS)
codes, International Classification of Disease (ICD)-9 codes, and diagnosis-
related groups (DRG) fromMedicare claims to identify service date for proce-
dures potentially suggestive of diagnostic evaluation following an abnormal
screening mammogram (see Appendix SA2). These included diagnostic
breast imaging tests, breast biopsies, breast symptoms, and breast cancer diag-
noses.

Patient age and race were defined based on a self-administered sur-
vey collected by BCSC facilities at the time of mammography. In statisti-
cal analyses, we used age- and race-stratified results to evaluate whether
performance of the algorithm was consistent across patient subgroups.
Although age and race information was also available in Medicare data,
we selected to use information from the BCSC patient questionnaire
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because these data are based on self-report and have been carefully vali-
dated. Previous research has demonstrated that Medicare enrollment files
on race/ethnicity tend to underidentify members of racial/ethnic minority
groups (Zaslavsky, Ayanian, and Zaborski 2012). We therefore chose to
use BCSC data to define these patient characteristics. Information on
facility characteristics, including for-profit status, academic medical center
affiliation, and facility type, were obtained from a survey completed by
the BCSC registries. Facility type was classified as hospital, specialty cen-
ter, or nonspecialty center. Specialty centers included radiology private
offices and hospital outpatient centers. Nonspecialty centers included
obstetrics and gynecology offices, primary care offices, and multispecialty
clinics.

Statistical Analysis

We computed descriptive statistics to characterize the study sample stratified
by BCSC classification of the mammography result as normal or abnormal.
We report the number and percentage of screening mammograms followed
by a claims procedure code for diagnostic imaging or biopsy or a diagnosis
code for breast-related symptoms, abnormal mammography, or breast cancer
diagnoses within 365 days. Among those with a subsequent claims code, we
estimated the median and interquartile range (IQR) for the number of days
from the screening mammogram to the code.

We first classified mammograms as abnormal if any claims codes for
diagnostic mammography, breast ultrasound, breast MRI, or breast biopsy/
fine needle aspiration (FNA) were found in the 90 days subsequent to the
screening mammogram. Because this is an ad hoc method, we investigated
whether a formal, statistical prediction model could improve classification
accuracy. We developed a classification algorithm using classification and
regression tree (CART) analysis because this method can identify important
interactions in predictor variables without requiring prespecification, does not
require assumptions about the functional form of the relationship between
continuous predictors and the outcome, and returns an algorithm that is sim-
ple to communicate and implement in external data sets (Breiman et al. 1984).
The outcome variable in our analysis was the BCSC classification of mam-
mography result (normal/abnormal) based on the radiologist’s assessment
and recommendations. Potential predictors were number of days from the
screening mammogram to each of the categories of claims codes described
above.
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The CART was developed using the training half-sample. The
CART selected splits in predictor variables on the basis of the Gini
index, and continued splitting until no further splits improved the Gini
index by more than 0.00001. The Gini index is a measure of impurity
and was defined as the product of the proportion of normal mammo-
grams and the proportion of abnormal mammograms in a terminal node
(Breiman et al. 1984). To develop a high sensitivity classification rule, we
penalized misclassification of abnormal mammograms as normal approxi-
mately 40 times more highly than misclassification of normal mammo-
grams as abnormal. We selected this degree of penalization because in
our training sample this was the highest penalty that produced improved
sensitivity without unduly compromising specificity. To minimize overfit-
ting, our final algorithm only included the first five splits of the pruned
tree.

We quantified the operating characteristics of both classification
approaches using the validation half-sample. Performance characteristics
included the following: sensitivity (the proportion of abnormal mammo-
grams classified as abnormal); specificity (the proportion of normal mam-
mograms classified as normal); positive predictive value (PPV) (the
proportion of mammograms classified as abnormal that were abnormal
according to radiologists’ assessments and recommendations); and nega-
tive predictive value (NPV) (the proportion of mammograms classified as
normal that were normal based on radiologists’ assessments and recom-
mendations). We computed performance measures overall and stratified
by age, race, facility profit status, and radiology practice type. For mam-
mograms misclassified by the claims-based approaches, we investigated
the proportion with a subsequent cancer diagnosis within 1 year and the
BI-RADS assessment assigned by the radiologist to better understand pos-
sible causes of misclassification.

We used data from the validation half-sample to estimate radiologist
recall rates based on BCSC data and using each of the two Medicare claims-
based approaches. This analysis was restricted to radiologists with at least 100
mammograms included in the validation sample. Medicare claims-based
approaches were compared to BCSC estimates using the Spearman correla-
tion coefficient.

We performed statistical analyses using R, version 2.15.1 (R Foundation
for Statistical Computing, Vienna, Austria).
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RESULTS

The sample included 387,709 screening mammograms received by 150,395
women. These mammograms were interpreted by 551 radiologists, practicing
at 146 facilities. The majority were performed on nonHispanic white women
(79.4 percent) who were 66–74 years of age (58.3 percent) (Table 1). Overall,
7.2 percent of mammograms were interpreted as abnormal. Of the categories
of claims codes considered, diagnostic mammography, breast ultrasound, and
diagnosis codes for breast-related signs or symptoms were the most com-
monly occurring during the 1-year period after the screening mammogram
(see Appendix SA3).

Claims codes for breast imaging or biopsy/FNAwithin 90 days subse-
quent to screening mammography correctly classified abnormal mammo-
grams with 74.9 percent sensitivity and 99.4 percent specificity in the
validation half-sample (Table 2). A CART that included claims codes for diag-
nostic mammography, breast signs and symptoms, breast ultrasound, breast
cancer, and abnormal mammography had sensitivity of 82.5 percent and
specificity of 96.6 percent in the validation half-sample (Figure 1).

Among mammograms misclassified as abnormal by the presence of
claims within 90 days, 5.2 percent were followed by a cancer diagnosis within
1 year. Analogously, 3.3 percent of mammograms misclassified as abnormal
by the CARTwere followed by a cancer diagnosis within 1 year. In both the
claims within 90 days and CARTapproaches, 18 percent of normal mammo-
grams misclassified as abnormal had a BI-RADS assessment of 3 with no rec-
ommendation for immediate evaluation. Meanwhile, among abnormal
mammograms misclassified as normal, in both the claims within 90 days and
CART approaches, <1 percent were followed by a cancer diagnosis within
1 year, and the vast majority (94 percent) had a BI-RADS assessment of 0.

Sensitivity of the claims-based algorithms varied across patient and
facility characteristics. Sensitivity was lower for women older than 85 years
compared to younger women (Appendix SA4). Sensitivity was also lower for
black women and American Indian/Alaskan Native women compared to
nonHispanic white women. Sensitivity was similar for mammograms from
hospitals and specialty centers and somewhat lower for mammograms from
nonspecialty centers. Specificity was similarly high across patient and facility
subgroups.

Recall rate estimates for 325 radiologists with at least 100 mammograms
included in the validation half-sample agreed well when estimated using
BCSC data or Medicare claims (Appendix SA5). On average, recall rates
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Table 1: Patient and Screening Mammogram Characteristics Stratified by
Mammography Result Based on Radiologist’s Assessment and Recommenda-
tions Captured by the BCSC

Characteristic
All (N = 387,709) Normal (N = 359,922) Abnormal (N = 27,787)

N (%) N (%) N (%)

Age
66–74 226,167 (58.3) 209,398 (58.2) 16,769 (60.4)
75–84 141,740 (36.6) 132,006 (36.7) 9,734 (35.0)
85+ 19,802 (5.1) 18,518 (5.2) 1,284 (4.6)

Race
White, non-
Hispanic

307,783 (79.4) 285,220 (79.2) 22,563 (81.2)

Black, non-
Hispanic

28,390 (7.3) 26,522 (7.4) 1,868 (6.7)

Asian/Pacific
Islander

12,014 (3.1) 11,518 (3.2) 496 (1.8)

American
Indian/
Alaskan
Native

1,591 (0.4) 1,488 (0.4) 103 (0.4)

Hispanic 5,675 (1.5) 5,308 (1.5) 367 (1.3)
Other/mixed/
unknown

32,256 (8.3) 29,866 (8.3) 2,390 (8.6)

Year of mammogram
1999 49,974 (12.9) 46,691 (13.0) 3,283 (11.8)
2000 52,099 (13.4) 48,597 (13.5) 3,502 (12.6)
2001 53,358 (13.8) 49,575 (13.8) 3,783 (13.6)
2002 59,346 (15.3) 54,960 (15.3) 4,386 (15.8)
2003 60,660 (15.7) 56,137 (15.6) 4,523 (16.3)
2004 56,704 (14.6) 52,559 (14.6) 4,145 (14.9)
2005 55,568 (14.3) 51,403 (14.3) 4,165 (15.0)

BI-RADS assessment of screeningmammogram
1 253,839 (65.5) 253,839 (70.5) –
2 102,706 (26.5) 102,706 (28.5) –
3 4,014 (1.0) 3,377 (0.9) 637 (2.3)
0 257,22 (6.6) – 25,722 (92.6)
4 1,261 (0.3) – 1,261 (4.5)
5 167 (0.0) – 167 (0.6)

Facility profit status
Not for profit 98,675 (25.4) 91,722 (25.5) 6,953 (25.0)
For profit 218,208 (56.3) 202,023 (56.1) 16,185 (58.2)
Unknown 70,826 (18.3) 66,177 (18.4) 4,649 (16.7)

Facility associated with academicmedical center
No 326,829 (84.3) 304,305 (84.5) 22,524 (81.1)
Yes 34,697 (8.9) 31,774 (8.8) 2,923 (10.5)
Unknown 26,183 (6.8) 23,843 (6.6) 2,340 (8.4)

continued
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were slightly underestimated by the approach that identified abnormal mam-
mograms based on any breast-related claims within 90 days and slightly over-
estimated by the CART. Correlation of BCSC estimates with the algorithm
based on any claims within 90 days was 0.84 (95 percent confidence interval
[CI]: 0.78, 0.89) and with the CARTwas 0.82 (95 percent CI: 0.76, 0.87).

DISCUSSION

In this validation study, we evaluated two claims-based approaches for identi-
fying abnormal screening mammograms. An approach based on the presence
of claims for diagnostic breast imaging or biopsy within 90 days of a screening
mammogram achieved good classification accuracy. Overall, 75 percent of
abnormal mammograms and 99 percent of normal mammograms were

Table 1. Continued

Characteristic
All (N = 387,709) Normal (N = 359,922) Abnormal (N = 27,787)

N (%) N (%) N (%)

Facility type
Hospital 184,435 (47.6) 171,645 (47.7) 12,790 (46.0)
Specialty
center

136,178 (35.1) 126,208 (35.1) 9,970 (35.9)

Nonspecialty
center

35,652 (9.2) 33,055 (9.2) 2,597 (9.3)

Other/unknown 31,444 (8.1) 29,014 (8.1) 2,430 (8.7)

BCSC, Breast Cancer Surveillance Consortium; BI-RADS, Breast Imaging Reporting and Data
System.

Table 2: Performance of Classification Based on Claims Codes for Breast
Imaging or Biopsy/FNAwithin Ninety Days or Classification and Regression
Tree Analysis for Classifying Screening Mammograms as Normal versus
Abnormal Assessed in Validation Half-Sample (N = 193,855)

Performance Measures
Claims Codes for Breast Imaging or Biopsy CART

Estimate (95%CI) Estimate (95%CI)

Sensitivity 74.9 (74.1, 75.6) 82.5 (81.9, 83.2)
Specificity 99.4 (99.4, 99.5) 96.6 (96.6, 96.7)
PPV 90.9 (90.4, 91.5) 65.3 (64.6, 66.0)
NPV 98.1 (98.0, 98.2) 98.6 (98.6, 98.7)

CART, classification and regression tree; CI, confidence interval; NPV, negative predictive value;
PPV, positive predictive value.
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accurately classified by this simple approach. A CART increased sensitivity to
83 percent but at the cost of decreased specificity. Using either approach to
estimate radiologist recall rates displayed good correlation with recall rate
estimates based on clinical data.

We found that normal mammograms falsely classified as abnormal
were more likely to be followed by a cancer diagnosis within the next year
than correctly classified normal mammograms. They were also more likely
to have had an initial BI-RADS assessment of 3 compared to other normal
mammograms. This suggests that algorithmic misclassification of mammo-
grams as abnormal may be due to women returning for short interval fol-
low-up examinations or diagnostic work-up for a missed cancer that had
become symptomatic. Abnormal mammograms misclassified as normal
may have occurred because women did not receive recommended diagnos-
tic evaluation within a timely interval following the screening mammogram.

We observed some differences in sensitivity of claims-based approaches
by patient age and race. These may reflect differences in the proportion of
women within age or racial subgroups receiving timely follow-up care. Timely
receipt of follow-up previously has been shown to vary according to patient
characteristics (Elmore et al. 2005). We also observed poorer sensitivity for
mammograms performed in nonspecialty centers. However, these facilities
comprised less than 10 percent of the study sample. Observed differences
between facility types may be due to differences in the characteristics of
patients served by these facilities. Risk-adjustment should therefore be used to
account for difference in case mix variation across providers when estimating
recall rates.

Our algorithms may be useful for several purposes. First, they could be
used to estimate facility or radiologist recall rates for purposes of quality
assessment. In our comparison of claims-based and BCSC estimates of recall
rate we found that claims-based measures correlated well with those based on
clinical data. However, the approach based on any claims within 90 days
tended to underestimate recall rates, while the CART overestimated recall
rates. Since Medicare’s current measure of outpatient imaging efficiency uses
a shorter 45-day window following screening and only includes subsequent
claims for mammography, breast ultrasound, or breast MRI, it would under-
estimate recall rates to an even greater degree. Assessment of relative perfor-
mance based on our claims-based recall measures may be reasonable, but
comparisons to fixed benchmarks would be inappropriate due to the under-
and overestimation of absolute recall rates noted above. Nevertheless, our val-
idation study provides general support for Medicare’s current claims-based
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approach to measuring provider-level recall rates within hospital outpatient
departments and suggests that Medicare claims could be used to expand this
measure to community-based mammography facilities.

An alternative use of these algorithms is for evaluation of mammogra-
phy performance in the Medicare population broadly, across regions, or
between patient subgroups. Previous studies of abnormal mammography
using Medicare claims have classified mammograms as abnormal based on
the presence of codes for diagnostic mammography, breast ultrasound, and
breast biopsy or FNA (Welch and Fisher 1998; Tan et al. 2006). Our valida-
tion study found that this approach has good specificity (99 percent) but fails
to identify about one in four abnormal mammograms. Previous research has
demonstrated that a claims-based approach with good specificity but imper-
fect sensitivity can still enable estimation of unbiased relative recall rates
between regions or providers (Chubak et al. 2012).

Strengths of this study include the large sample size. Our data comprised
mammography information from over 140 mammography facilities and over
500 radiologists in a geographically diverse population. Our study also draws
on the strength of a unique linkage ofMedicare claims to detailed, high-quality
mammography data, including information on the indication for examination
and radiologists’ assessments and recommendations. Limitations of the study
include use ofMedicare claims data collected from 2000 to 2005. Performance
may not be equivalent in other claims databases or years. However, we
believe performance is likely to be similar in more recent Medicare claims
data because no notable changes in practice patterns for follow-up of abnor-
mal mammography have occurred between 2005 and the present.

We have validated two approaches to using Medicare claims data to
identify abnormal screening mammography interpretation. This research may
facilitate use of Medicare claims for estimating provider-level recall rates.
However, in evaluating screening mammography accuracy, recall rates would
ideally be considered in conjunction with breast cancer detection rates (Fenton
et al. 2013). If claims-based metrics of breast cancer detection can be validated
at the provider-level, the recall rate algorithms described herein may facilitate
robust research and quality improvement efforts in screening mammography.
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Additional supporting information may be found in the online version of this
article:

Appendix SA1: AuthorMatrix.
Appendix SA2: Claims Codes for Procedures and Diagnoses Assessed

as Predictors of Abnormal Mammography.
Appendix SA3: Frequency and Timing of Breast-Related Medicare
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Claims after Screening Mammography by Normal versus Abnormal Refer-
ence Standard Classification.

Appendix SA4: Sensitivity and Specificity of Claims-Based Measures of
Abnormal Mammography Interpretation Stratified by Patient Age and
Racial/Ethnic Sub Groups and Facility Characteristics Evaluated in the Vali-
dation Half-Sample.

Appendix SA5: Plot of Radiologist Recall Rates Estimated Based on the
Presence of Any Medicare Claims for Breast-Related Procedures in Ninety
Days after the Mammogram (Left) or the Medicare Claims-Based CART
(Right) versus Recall Rates Estimated Using Clinical Data from the Breast
Cancer Surveillance Consortium (BCSC) on Abnormal Mammography.
Point Estimates and 95 percent Confidence Intervals Are Plotted for Each
Radiologist.
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