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Background: Computer-aided detection (CAD) has rapidly diffused
into screening mammography practice despite limited and conflicting data on its clinical effect.
Objective: To determine associations between CAD use during
screening mammography and the incidence of ductal carcinoma in
situ (DCIS) and invasive breast cancer, invasive cancer stage, and
diagnostic testing.
Design: Retrospective cohort study.
Setting: Medicare program.
Participants: Women aged 67 to 89 years having screening mammography between 2001 and 2006 in U.S. SEER (Surveillance,
Epidemiology and End Results) regions (409 459 mammograms
from 163 099 women).
Measurements: Incident DCIS and invasive breast cancer within 1
year after mammography, invasive cancer stage, and diagnostic
testing within 90 days after screening among women without
breast cancer.

(adjusted odds ratio [OR], 1.17 [95% CI, 1.11 to 1.23]) but no
difference in invasive breast cancer incidence (adjusted OR, 1.00
[CI, 0.97 to 1.03]). Among women with invasive cancer, CAD was
associated with greater likelihood of stage I to II versus III to IV
cancer (adjusted OR, 1.27 [CI, 1.14 to 1.41]). In women without
breast cancer, CAD was associated with increased odds of diagnostic mammography (adjusted OR, 1.28 [CI, 1.27 to 1.29]), breast
ultrasonography (adjusted OR, 1.07 [CI, 1.06 to 1.09]), and breast
biopsy (adjusted OR, 1.10 [CI, 1.08 to 1.12]).
Limitation: Short follow-up for cancer stage, potential unmeasured
confounding, and uncertain generalizability to younger women.
Conclusion: Use of CAD during screening mammography among
Medicare enrollees is associated with increased DCIS incidence, the
diagnosis of invasive breast cancer at earlier stages, and increased
diagnostic testing among women without breast cancer.
Primary Funding Source: Center for Healthcare Policy and Research, University of California, Davis.

Results: From 2001 to 2006, CAD prevalence increased from 3.6%
to 60.5%. Use of CAD was associated with greater DCIS incidence
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In addition, CAD may differentially facilitate detection of noninvasive breast cancer, or ductal carcinoma in
situ (DCIS), rather than invasive breast cancer (6 – 8, 15–
18). Because randomized clinical trials suggest that the effect of mammography on breast cancer mortality derives
chiefly from detecting invasive cancer (19, 20), it is crucial
to delineate the effect of CAD on the detection of invasive
and noninvasive breast cancer. In multicenter studies,
CAD has not been associated with a clear improvement in
the diagnosis of invasive breast cancer (15, 16) despite
greater false-positive (15, 16) and biopsy rates (15). However, because breast cancer is uncommon, studies to date
may have had insufficient sample sizes of participants with
cancer to precisely estimate the association of CAD with
detection of invasive versus noninvasive breast cancer or its
association with invasive breast cancer stage, size, or lymph
node status, all of which are important predictors of breast
cancer survival.
As stated in a U.S. Preventive Services Task Force evidence review, new digital technologies, such as CAD,
“have become widely used in the United States without
definitive studies of their effect on screening” (21). Ideally,
clinical trials would compare breast cancer outcomes
among women screened with CAD versus without CAD,
but such trials would require long-term follow-up of very

n the past decade, 2 technologies have transformed mammography screening methods in the United States. First,
digital mammography has supplanted film-screen mammography as the predominant method of image acquisition and storage. Second, most radiologists now use computer algorithms, or computer-aided detection (CAD), to
mark and reassess potentially suspicious lesions that may
have been missed on initial mammogram review. In 2001,
Congress extended Medicare coverage to CAD, and CAD
has since diffused widely into U.S. practice (1–3). In Europe, where double-reading by 2 radiologists is common,
some have proposed replacing the second reader with CAD
(4).
Despite broad uptake, the effectiveness and clinical
utility of CAD in screening mammography remains controversial. In individual radiology practices, CAD adoption
has been associated with greater rate of cancer detection,
along with commensurate increases in false-positive rates
(5–9), and within 3 British health system breast screening
centers, outcomes were similar whether mammograms
were double-read or interpreted by a single reader using
CAD (10). However, in some practices, CAD adoption has
been associated with little, if any, clinical effect (11, 12).
The clinical effect of CAD may be heterogeneous across
practices (13) or radiologists (14).
580 © 2013 American College of Physicians
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large samples (22). To our knowledge, no such trials are
planned or ongoing. However, now that CAD has diffused
into clinical practice in the United States, the linked SEER
(Surveillance, Epidemiology and End Results)–Medicare
data enable a large-sample, population-based observational
study of the clinical effect of CAD within the Medicare
population. Although evaluation of CAD among both
younger and older women having screening is desirable,
the SEER–Medicare data offer sample sizes and analytic
precision that cannot otherwise be achieved. Therefore, we
assessed associations between CAD use during screening
mammography received by Medicare enrollees and the incidence of invasive breast cancer and DCIS; invasive breast
cancer stage, size, and lymph node status; and subsequent
diagnostic testing among women without breast cancer.

METHODS

Original Research

Context
During the past decade, use of both computer-aided
detection (CAD) in interpreting mammograms and
digital mammography dramatically increased.

Contribution
Among older women, the addition of CAD interpretation
to mammography resulted in more women having further
diagnostic testing, including biopsy. Women were more
likely to be diagnosed with ductal carcinoma in situ but
not with invasive breast cancer. Cases diagnosed with use
of CAD were at an earlier stage than those diagnosed
without CAD.

Caution
The effect of CAD mammography on breast cancer mortality could not be assessed.

Data

Implication

Analytic data sets were derived from SEER–Medicare
data, which include detailed information about persons diagnosed with breast cancer from regional SEER registries
in 15 states and their Medicare claims. SEER captures data
on diagnosis dates, tumor characteristics, and initial treatment for 98% of women with breast cancer in SEER regions (23). Medicare data include claims for physician,
outpatient, and hospital services. Medicare claims include
service dates and Healthcare Common Procedure Coding
System (HCPCS) codes, which enable identification of
clinical services, and International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM),
codes, which enable identification of symptoms and diagnoses. Claims data, however, do not contain information
on mammogram interpretation, precluding measurement
of sensitivity or specificity. We linked claims to physician
data from the American Medical Association Physician
Masterfile, which includes reliable data on selected physician characteristics (24). The SEER–Medicare database
also includes Medicare data on a random 5% sample of
women without cancer diagnoses in SEER regions. Codes
for defining study variables are given in Appendix Table 1
(available at www.annals.org).

Introduction of newer technologies, such as CAD mammographic interpretation and digital mammography, will
probably contribute to the current debate on the benefits
and harms of screening mammography.

Design, Setting, and Participants

We conducted a retrospective cohort study of Medicare enrollees who had screening mammography from
2001 to 2006 in SEER regions. Units of analyses were
screening mammograms from women aged 67 to 89 years
on mammography dates who were enrolled in Medicare
Parts A and B for 2 previous years. We used a recently
validated, claims-based algorithm to distinguish screening
from diagnostic mammography (25). According to the algorithm, study mammography occurred at least 9 months
apart and was done before any breast cancer diagnosis.
After screening mammography, we observed women
for up to 1 year or until repeated screening mammography
for breast cancer diagnoses and for 90 days for receipt of
www.annals.org
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diagnostic tests. Women were excluded if they withdrew
from Medicare parts A or B or died within 1 year after
mammography. For analyses of cancer incidence rates, we
applied probability weights of 20 to mammography derived from the 5% sample of women without breast cancer;
these analyses represent the fee-for-service Medicare population that receives screening mammography within SEER
regions. Analyses of diagnostic testing were unweighted
and restricted to the 5% sample of women without breast
cancer so analyses would represent diagnostic testing after
false-positive screening mammography.
Outcomes
Breast Cancer Outcomes

We used SEER data to identify incident DCIS and
invasive breast cancer diagnosed within 1 year of screening
mammography. Breast cancer cases were classified by stage
based on the American Joint Committee on Cancer, Seventh Edition (range, stage 0 [for DCIS] to I to IV [for
invasive cancer]) (26). We classified invasive breast cancer
by tumor size, using ordinal (0 to 0.49 cm, 0.5 to 0.99 cm,
1.0 to 1.99 cm, and ⱖ2.0 cm) and dichotomous (⬍1 vs.
ⱖ1 cm and ⬍2 vs. ⱖ2 cm) classifications, and lymph node
status (negative or positive).
Diagnostic Testing

Among women who had no breast cancer diagnosis
within 1 year of screening, we examined claims in the 90
days after mammography for HCPCS and ICD-9-CM
codes for diagnostic mammography, breast ultrasonography, and breast biopsy and classified women by receipt or
16 April 2013 Annals of Internal Medicine Volume 158 • Number 8 581
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nonreceipt of each test. We also classified women by receipt of either diagnostic mammography or breast ultrasonography because either test may be done on women
recalled after abnormal screening results.
Computer-Aided Detection

We classified mammography as using CAD if mammography claims included HCPCS codes for CAD. Codes
for CAD on Medicare claims are highly accurate for both
film and digital mammography (27). Because simultaneous
billing for both digital mammography and CAD was not
allowed until 1 April 2003, we excluded digital mammography done before that date to avoid potential misclassification by CAD status.
Patient, Mammography, and Radiologist Covariates

We classified women by age (67 to 69, 70 to 74, 75 to
79, 80 to 84, and 85 to 89 years) and race or ethnicity
(White, non-Hispanic; Black; Asian or Pacific Islander;
Hispanic; and other). Rurality of residence counties was
classified by using Rural–Urban Continuum codes. We defined patients’ neighborhood income as the median income of elderly residents within the same ZIP code according to the 2000 U.S. Census.
Because previous mammography may influence cancer
prevalence and current interpretation (28), we classified
patients on the basis of the timing of mammography
claims before the index mammography (⬍18 months, 18
to 24 months, and either ⬎24 months or no previous
mammography). Previous mammography may also reflect
patient attitudes toward preventive care and overall patient
access to health care. We further classified mammography
done within 24 months as CAD versus non-CAD.
Using outpatient and inpatient claims for the 2 years
before mammography, we identified 38 comorbid conditions and classified women on the basis of both stable (0, 1,
2, or ⱖ3) and unstable comorbid conditions (0 or ⱖ1)
(29). Examples of stable comorbid conditions include arthritis and diabetes, whereas unstable comorbid conditions
include severe heart failure and end-stage renal disease. We
also categorized mammography as digital versus film using
validated procedure codes (27) and by year and SEER
region.
We used the unique physician identification number
on claims to link mammography to radiologists’ characteristics in the American Medical Association Physician Masterfile (24) and specified the performing radiologist’s age,
sex, primary type of practice (direct patient care vs. teaching or other), graduation from a U.S. versus non-U.S.
medical school, and years since medical school graduation.

mammography with and without CAD using chi-square
tests or the Cochran–Armitage test for trend.
We used logistic regression to estimate associations between CAD use and outcomes, while adjusting for patient
and physician covariates, year, and SEER region and correcting SEs for the sampling design and within-physician
clustering. In analyses of tumor stage, size, and lymph node
status, we estimated adjusted odds ratios (ORs) that invasive breast cancer cases had earlier stage, smaller size, and
negative lymph node status after mammography with versus without CAD. Because 1 or more physician characteristics were missing for 9.8% of mammograms, we did
analyses both with adjustment for physician covariates (excluding mammograms with missing physician data) and
without adjustment for physician characteristics (including
all mammograms). Because adjustment for physician covariates had no meaningful effect on CAD associations, we
present only the latter results.
We did several sensitivity analyses. First, we did
mixed-effects regression analyses to partition CAD associations into between- and within-radiologist effects (30).
We also repeated analyses after excluding data from 2001
because CAD coding may have been less accurate during
the initial year of Medicare coverage (31). Computer-aided
detection–associated effects were not substantively different in either of these analyses, so we report only the main
analyses including data from all years. Second, we did stratified regression analyses to assess differences in CAD effects
within strata of women classified by previous mammography exposure, previous CAD exposure, current film versus
digital mammography, and patient age (Appendix, available at www.annals.org). Lastly, we assessed the potential
effect on study estimates of a hypothetical unmeasured
confounder (32).
Analyses were done with SAS, version 9.2 (SAS Institute, Cary, North Carolina), using 2-sided hypothesis tests.
The study was approved by the Institutional Review Board
at the University of California, Davis.
Role of the Funding Source

This study was funded by the Center for Healthcare
Policy and Research and the Department of Family and
Community Medicine at University of California, Davis,
and the National Cancer Institute. The funding source had
no role in the study design, analysis, interpretation, or
drafting of the report or the decision to submit the manuscript for publication.

Analyses

RESULTS

We compared the characteristics of CAD and nonCAD mammography and computed unadjusted incidence
rates and incidence rate ratios of breast cancer diagnoses by
CAD status. We compared the unadjusted stage, size, and
lymph node status of invasive breast cancer diagnosed after

The sample included 409 459 screening mammograms from 163 099 women. Women received an average
of 2.42 screening mammographies during the study
period (median, 2.0 [range, 1 to 6]). After weighting, the
data represent 5 656 860 screening mammograms from
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2 086 051 women, including 46 361 done within 1 year of
DCIS or invasive breast cancer diagnosis.
The unweighted prevalence of CAD use during
screening mammography increased during the study period
from 3.6% of mammographies in 2001 to 60.5% in 2006.
The prevalence of CAD use was greater among mammography done on white women, women living in metropolitan regions, and women with greater neighborhood incomes (Table 1). Women receiving mammography with
CAD were more likely to have had previous mammography within 24 months, previous mammography with
CAD, and concurrent digital rather than film mammography. Compared with radiologists who interpreted nonCAD mammography, those who interpreted mammography with CAD were slightly more likely to be female and
to have graduated from U.S. rather than non-U.S. medical
schools.
Breast Cancer Outcomes

After adjustment for covariates, CAD use was associated with a slightly greater overall incidence rate of breast
cancer (Table 2). This association was explained by a
greater rate of DCIS diagnosis with CAD (adjusted OR,
1.17 [95% CI, 1.11 to 1.23]; P ⬍ 0.001), whereas the rate
of invasive breast cancer overall was similar with and without CAD. On the basis of SEER data, nearly all women
diagnosed with DCIS in our sample (97.3%) received
treatment with lumpectomy, mastectomy, or radiation.
Relative to mammography interpreted without CAD,
the incidence rate of stage I invasive breast cancer with
CAD use was greater (adjusted OR, 1.06 [CI, 1.03 to
1.10]; P ⬍ 0.001), whereas the incident rate of stages II to
IV invasive breast cancer was lower (adjusted OR, 0.92
[CI, 0.87 to 0.96]; P ⬍ 0.001) (Table 2). In unadjusted
analyses of invasive breast cancer (Table 3), CAD was associated with more favorable stage distribution, smaller tumor size, and a greater proportion of node-negative cancer
(all P ⬍ 0.001).
In adjusted analyses restricted to invasive breast cancer
(Table 4), the odds of stage I (rather than stages II to IV)
breast cancer were increased relative to who received mammography with CAD than among those without CAD
(adjusted OR, 1.15 [CI, 1.09 to 1.22]; P ⬍ 0.001).
Computer-aided detection was also associated with greater
adjusted odds that an invasive tumor was smaller than 1
cm in diameter and had negative lymph node status. Similar results were obtained at alternative cut points for early
tumor stage and small tumor size.
Diagnostic Testing Among Women Without
Breast Cancer

Among women who had no breast cancer diagnosis
within 1 year of screening, women who received screening
mammography with CAD had greater adjusted odds of
subsequent diagnostic testing for breast cancer with diagnostic mammography, breast ultrasonography, and breast
www.annals.org
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biopsy than women who received screening mammography
without CAD (Table 5).
Secondary Analyses

We did secondary, post hoc analyses to evaluate the
timing of invasive cancer diagnoses after CAD versus nonCAD mammography (Appendix). These analyses did not
suggest that the lower incidence of late-stage cancer associated with CAD is likely to be attributable to earlier diagnosis of invasive cancer during the 1-year follow-up. To
address whether CAD is associated with decreased sensitivity for late-stage cancer, we assessed the longer-term incidence of late-stage breast cancer up to 48 months after
previous mammography with versus without CAD. Because longer-term incidence of late-stage cancer was similar
after CAD and non-CAD mammography, these analyses
do not suggest that reduced sensitivity for late-stage disease
with CAD explains the lower late-stage cancer incidence
with CAD during the 1-year follow-up of the primary
analysis.
We also did stratified analyses to assess whether CAD
associations varied by previous mammography exposure,
previous exposure to CAD, current use of digital mammography, and patient age (Appendix Tables 2 to 9, available at www.annals.org). Although these post hoc analyses
warrant cautious interpretation, CAD was consistently associated with increased DCIS incidence and increased diagnostic testing across all strata. However, the association
between CAD and reduced late-stage invasive cancer stage
may be stronger among women older than 75 years. In
addition, the association between CAD and increased diagnostic testing may be stronger among women whose previous mammography was non-CAD rather than CAD and
when used concurrently with digital rather than film
mammography.

DISCUSSION
Among Medicare enrollees, CAD use during screening
mammography is associated with increased incidence of
DCIS and no difference in the incidence of invasive cancer. It is, however, associated with greater likelihood that
incident invasive cancer will be early- rather than late-stage
and rates of diagnostic testing among women without
breast cancer will be greater.
Weighing the potential benefits and harms of CAD
use is complex, particularly because mortality benefits of
screening interventions likely require many years to emerge
(4). Indeed, mortality benefits in randomized trials of
breast cancer screening are probably attributable to favorable shifts in invasive breast cancer stage that evolved during several rounds of screening over many years (19, 20).
Thus, it is difficult to conceive that a favorable stage shift
could emerge during the 1-year period after mammography in this study. Moreover, secondary analyses do not
suggest that CAD was associated with earlier diagnosis of
invasive breast cancer during the follow-up, as would be
16 April 2013 Annals of Internal Medicine Volume 158 • Number 8 583
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Table 1. Patient, Mammography, and Radiologist Characteristics at Screening Mammography, by CAD Use*
Characteristic
Patient characteristics
Total
Age
67–69 y
70–74 y
75–79 y
80–84 y
85–89 y
Race or ethnicity
Asian or Pacific Islander
Black
Hispanic
White, non-Hispanic
Other
Urban vs. rural residence
Large metropolitan
Metropolitan
Nonmetropolitan
Small nonmetropolitan
Missing
Median annual income of elderly residents within the same ZIP code
⬍$30 000
$30 000–39 999
$40 000–54 999
$55 000–64 999
ⱖ$65 000
Missing
Comorbid conditions†
ⱖ1 stable comorbid conditions
ⱖ1 unstable comorbid conditions
Mammography characteristics
Time since and use of CAD in previous mammography
None or previous mammography was ⬎24 mo earlier
CAD mammography 9–18 mo earlier
Non-CAD mammography 9–18 mo earlier
CAD mammography 18–24 mo earlier
Non-CAD mammography 18–24 mo earlier
Digital (rather than film-screen) mammography
Mammography year
2001
2002
2003
2004
2005
2006
Radiologist characteristics‡
Mean age, y
Sex
Female
Male
Missing or unknown
Primary type of practice
Direct patient care
Teaching or other
Missing or unknown
Medical school location
U.S.
Non-U.S.
Missing or unknown
Mean time since medical school graduation, y

No CAD

CAD

284 501 (69.5)

124 958 (30.5)

57 018 (20.0)
89 510 (31.5)
76 593 (26.9)
45 254 (15.9)
16 126 (5.7)

24 811 (19.9)
38 194 (30.6)
32 932 (26.4)
21 171 (16.9)
7850 (6.3)

8358 (2.9)
19 137 (6.7)
7284 (2.6)
244 636 (86.0)
5085 (1.8)

3335 (2.7)
5542 (4.4)
2079 (1.7)
111 228 (89.0)
2774 (2.2)

156 038 (54.8)
80 703 (28.4)
19 263 (6.8)
28 220 (9.9)
277 (0.1)

65 182 (52.2)
44 956 (36.0)
6783 (5.4)
7959 (6.4)
78 (0.1)

32 622 (11.5)
68 681 (24.1)
86 975 (30.6)
34 868 (12.3)
56 750 (19.9)
4605 (1.6)

9928 (7.9)
26 586 (21.3)
42 756 (34.2)
18 507 (14.8)
24 615 (19.7)
2566 (2.1)

245 732 (86.4)
46 057 (16.2)

109 162 (87.4)
19 908 (15.9)

79 254 (27.9)
9137 (3.2)
174 692 (61.4)
1097 (0.4)
20 321 (7.1)
8896 (3.1)

26 277 (21.0)
14 668 (11.7)
15 246 (12.2)
1764 (1.4)
8571 (6.9)
20 346 (16.3)

70 760 (24.9)
64 875 (22.8)
52 128 (18.3)
41 634 (14.6)
32 109 (11.3)
22 995 (8.1)

2665 (2.1)
9307 (7.4)
18 596 (14.9)
27 223 (21.8)
31 955 (25.6)
35 212 (28.2)

52.7

52.2

54 094 (19.0)
201 133 (70.7)
29 274 (10.3)

28 624 (22.9)
85 347 (68.3)
10 987 (8.8)

219 949 (77.3)
35 278 (12.4)
29 274 (10.3)

102 404 (82.0)
11 567 (9.3)
10 987 (8.8)

229 252 (80.6)
38 221 (13.4)
17 028 (6.0)
25.9

103 875 (83.1)
13 751 (11.0)
7332 (5.9)
25.4

CAD ⫽ computer-aided detection.
* All values are numbers (percentages), unless otherwise indicated. All data are based on 409 459 mammograms from 163 099 women.
† Identified on Medicare claims for 2 y before mammography, including 38 comorbid conditions that were subclassified as stable and unstable based on severity and difficulty
of control (27). Examples of stable comorbid conditions include arthritis, depression, and diabetes; examples of unstable comorbid conditions include severe heart failure,
cardiac arrhythmias, and end-stage renal disease.
‡ Due to the large sample size, all variables differ significantly by CAD status (P ⬍ 0.009, using either chi-square or paired t tests).
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Table 2. Breast Cancer Incidence Rates by CAD Use*
Breast Cancer Diagnosis
Within 1 y

Any breast cancer
Invasive breast cancer¶
Stage I invasive
Stages II–IV invasive
DCIS

Non-CAD†

CAD‡

Breast Cancer
Cases, n

Incidence
Rate㥋

Breast Cancer
Cases, n

Incidence
Rate㥋

31 339
24 804
14 875
8186
6535

8.21
6.50
3.90
2.15
1.71

15 022
11 466
7335
3441
3556

8.16
6.23
3.98
1.87
1.93

Unadjusted IRR
(95% CI)

Adjusted OR§
(95% CI)

P Value§

0.99 (0.97–1.01)
0.95 (0.93–0.98)
1.02 (0.99–1.05)
0.87 (0.83–0.91)
1.13 (1.08–1.18)

1.04 (1.01–1.06)
1.00 (0.97–1.03)
1.06 (1.03–1.10)
0.92 (0.87–0.96)
1.17 (1.11–1.23)

0.009
0.98
⬍0.001
⬍0.001
⬍0.001

CAD ⫽ computer-aided detection; DCIS ⫽ ductal carcinoma in situ; IRR ⫽ incidence rate ratio; OR ⫽ odds ratio.
* Mammograms for women without breast cancer (from the SEER [Surveillance, Epidemiology and End Results]–Medicare 5% noncancer sample) are probability-weighted
by a factor of 20 so that the analysis represents the entire population of fee-for-service Medicare enrollees having screening mammography (weighted: 5 656 860 screening
mammograms, including 46 361 done within 1 y of breast cancer diagnosis).
† 284 501 woman-years of follow-up, unweighted.
‡ 124 958 woman-years of follow-up, unweighted.
§ Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, time since previous mammogram, use of CAD
on the previous examination, presence of stable and unstable comorbid conditions, digital vs. film mammography, year of examination, and SEER region. Because breast
cancer is uncommon, the adjusted OR closely approximates the adjusted incidence rate ratio. Owing to missing covariate or outcome data, 35 531 mammograms (8.7% of
total) from 13 136 women (8.3% of total) were excluded from adjusted analyses (unweighted: 373 928 mammograms from 144 022 women).
㛳 Incidence per 1000 women-years.
¶ Incidence rates for overall invasive cancer include both staged and unstaged cancer.

expected if the observed differences in early- and late-stage
cancer incidence were attributable to enhanced sensitivity
for earlier-stage cancer with CAD. On the other hand,
secondary analyses do not suggest that the observed differences in late-stage cancer incidence are due to reduced sensitivity for late-stage cancer with CAD. Longer-term studies of the association of CAD with cancer stage are
warranted to elucidate its clinical effect on invasive breast
cancer stage.
Computer-aided detection was consistently associated
with greater detection of DCIS in primary and secondary
analyses. Treatment of DCIS detected by CAD may pre-

vent progression to lethal invasive breast cancer and may
avert more extensive treatment of subsequent invasive cancer. On the other hand, recent estimates suggest that 1 in 4
screen-detected invasive breast cancer cases are detected
and treated in women who would have died of other causes
without screening (33). The potential for overtreatment
may be greater with DCIS (a noninvasive precursor of invasive cancer), particularly among an elderly population
with more limited life expectancy than a younger screening
population (34).
Among women without breast cancer, CAD use was
associated with increased diagnostic testing after screening,
especially with diagnostic mammography but also with

Table 3. Unadjusted Stage, Size, and Lymph Node Status of
Invasive Breast Cancer, by CAD Use
Variable

No CAD, n (%)

CAD, n (%)

Total

24 804 (100)

11 466 (100)

Stage
I
II
III
IV
Unstaged or unknown

14 875 (60.0)
6257 (25.2)
1556 (6.3)
373 (1.5)
1743 (7.0)

7335 (64.0)
2725 (23.8)
576 (5.0)
140 (1.2)
690 (6.0)

Tumor size
0–0.49 cm
0.50–0.99 cm
1–1.99 cm
ⱖ2 cm
Unknown or missing

1600 (6.5)
5274 (21.3)
10 216 (41.2)
6328 (25.5)
1386 (5.6)

815 (7.1)
2710 (23.6)
4752 (41.4)
2568 (22.4)
621 (5.4)

Lymph node status
Negative
Positive

19 924 (80.3)
4880 (19.7)

9441 (82.3)
2025 (17.7)

P Value*

⬍0.001

⬍0.001

⬍0.001

CAD ⫽ computer-aided detection.
* P values are for the Cochran–Armitage test for trend for stage and size (excluding
tumors with unknown or missing values) and for the chi-square test for lymph
node status.
www.annals.org

Downloaded From: http://annals.org/ by Kevin Rosteing on 07/18/2013

Table 4. Adjusted Associations Between CAD Use and
Nonuse and Invasive Breast Cancer Stage, Size, and Lymph
Node Status*
Adjusted OR Associated
With CAD Use vs.
Nonuse (95% CI)

P Value

Stage (n ⴝ 30 681)
Stage I (vs. II, III, or IV)
Stages I or II (vs. III or IV)

1.15 (1.09–1.22)
1.27 (1.14–1.41)

⬍0.001
⬍0.001

Size (nⴝ 31 071)
Size ⬍1 cm (vs. ⱖ1 cm)
Size ⬍2 cm (vs. ⱖ2 cm)

1.10 (1.04–1.16)
1.18 (1.10–1.25)

⬍0.001
⬍0.001

Lymph node status (n ⴝ 28 237)
Negative (vs. positive)

1.15 (1.08–1.24)

⬍0.001

Outcome

CAD ⫽ computer-aided detection; OR ⫽ odds ratio.
* Adjusted for age, race or ethnicity, rural vs. urban residence, median income of
elderly residents within the same ZIP code, time since previous mammogram, use
of CAD on the previous examination, presence of stable and unstable comorbid
conditions, digital vs. film mammography, year of examination, and SEER (Surveillance, Epidemiology and End Results) region. Sample sizes differ from the total
number of invasive cancer cases (n ⫽ 36 270) because of missing or unknown
stage, size, or node status or missing covariates.
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Table 5. Diagnostic Test Use After Screening Mammography Among Women Without Breast Cancer, by CAD Use*
Diagnostic Test Within 90 d of Screening Mammography

Non-CAD, n (%)†

CAD, n (%)‡

Adjusted OR Associated With
CAD Use vs. Nonuse (95% CI)§

P Value

Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

14 979 (5.8)
9767 (3.8)
19 136 (7.5)
3410 (1.3)

7939 (7.0)
4227 (3.8)
9240 (8.2)
1512 (1.3)

1.28 (1.27–1.29)
1.07 (1.06–1.09)
1.19 (1.18–1.20)
1.10 (1.08–1.12)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

CAD ⫽ computer-aided detection; OR ⫽ odds ratio.
* Data based on 369 356 mammograms from 116 738 women.
† Data based on 256 652 mammograms.
‡ Data based on 112 704 mammograms.
§ Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, time since previous mammogram, use of CAD
on the previous examination, presence of stable and unstable comorbid conditions, digital vs. film mammography, year of examination, and SEER (Surveillance, Epidemiology and End Results) region. Owing to missing covariate data on 8.5% of mammograms, adjusted analyses include 337 753 mammograms from 99 540 women.

breast ultrasonography and biopsy. These findings are consistent with previous research demonstrating associations
between CAD use and increased false-positive rates of
screening mammography (5, 6, 15–17). Diagnostic testing
after false-positive mammography is associated with patient
anxiety and accounts for a substantial part of the total costs
of mammography screening (3, 35, 36). In post hoc, subgroup analyses, associations between CAD and increased
diagnostic testing were greater among women with previous non-CAD mammography and during concurrent digital mammography. It is possible that CAD particularly
reduces screening specificity during its first application
on an individual woman or on a woman’s first digital
mammogram.
Within a study of 90 BCSC (Breast Cancer Surveillance Consortium) facilities, CAD use was not associated
with more favorable stage, size, or lymph node status of
invasive breast cancer (16). Differences in study samples
and designs may explain the contrasting results of the
BCSC analysis and the current study. First, the BCSC
analysis included a smaller breast cancer sample (7722 participants vs. 46 361 in the current study), so it may have
been underpowered to detect favorable associations between CAD and breast cancer stage, size, or lymph node
status. Second, the BCSC analysis assessed CAD use at the
facility level, potentially leading to misclassification of
CAD status of individual mammography and attenuation
of differences in outcomes by CAD use. On the other
hand, unlike the BCSC analyses, the present study lacked
measures of breast density and hormone therapy, although
our adjustment for study year addresses to some extent the
decline in use of hormone therapy since 2002 (37).
In the United States, the SEER–Medicare data may be
unique in their ability to couple mammography data from
claims with cancer outcome data for such a large sample of
women with incident breast cancer. However, these data
do not specifically address the effect of CAD during screening among women younger than 65 years. In addition,
evidence for screening mammography effectiveness among
women older than 75 years is limited (19). However, in
analyses stratified by patient age 67 to 75 years versus 75 to
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89 years, associations between CAD and outcomes were
generally consistent with main analyses (Appendix Tables
8 and 9, available at www.annals.org).
Residual confounding by unmeasured factors other
than CAD may influence results. However, secondary analyses suggest that previous mammography exposure, confounding by unmeasured breast density, or unmeasured
radiologist characteristics are not likely to explain the observed differences (Appendix). Our analysis is also limited
by the absence of information on mammogram interpretation, so we could not assess important performance measures, such as sensitivity or specificity. Results may not be
generalizable to Medicare beneficiaries enrolled in managed care plans. Results may also reflect a transitional period when many radiologists were learning to use CAD
(38). Statistically significant associations may be attributable to chance, particularly in post hoc subgroup analyses.
In conclusion, CAD use among older U.S. women
having screening mammography is associated with increased diagnosis of DCIS and the diagnosis of invasive
breast cancer at earlier stage. However, CAD use is also
associated with increased diagnostic testing among women
without breast cancer. The long-term effect of CAD on
breast cancer stage, mortality, quality of life, and costs warrants investigation.
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APPENDIX: TIMING OF INVASIVE BREAST CANCER
DIAGNOSIS BY CAD
In primary analyses, CAD use during screening mammography was associated with significantly reduced adjusted odds of
diagnosis of stage II to IV invasive breast cancer (adjusted OR,
0.92 [CI, 0.87 to 0.96]; P ⬍ 0.001). We conducted secondary
analyses to provide further information about potential biological
mechanisms for this association.
First, if CAD increases sensitivity for early-stage tumors, we
reasoned that it may be possible that some early-stage tumors
detected by CAD may be prevented from progressing to latestage, invasive cancer during the 1-year follow-up. In this case,
one would expect the time from the screening mammography to
the diagnosis of invasive breast cancer to be longer after nonCAD mammography than CAD mammography. One may also
expect that late-stage (that is, stages II to IV) cancer with a delayed diagnosis (that is, ⬎90 days after mammography) would
comprise a larger proportion of all invasive breast cancer diagnosed during the 1-year period after non-CAD than with CAD
mammography.
However, the mean number of months from the mammography date to invasive breast cancer diagnosis was similar among
CAD and non-CAD mammography (2.4 vs. 2.3 months). In
addition, of all invasive breast cancer diagnosed within 1 year
after mammography, a similar proportion both were late-stage
www.annals.org
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(stages II to IV) and were diagnosed more than 90 days after mammography (7.7% with CAD vs. 8.1% with non-CAD; P ⫽ 0.26).
Second, we considered the possibility that CAD may lead to
reduced sensitivity for late-stage cancer. Some research suggests
that CAD output may focus attention on subsets of mammographic lesions with the potential for enhancing detection of
marked lesions but decreasing the detection of unmarked (potentially later-stage) lesions (39, 40). If CAD causes radiologists to
miss late-stage cancer, then CAD may be associated with reduced
incidence of late-stage cancer during a 1-year follow-up, but increased late-stage incidence in later years as late-stage cancer cases
come to clinical attention.
We assessed this possibility by comparing incidence rates of
stage II to IV invasive breast cancer 9 to 24 months and 24 to 48
months after previous CAD versus non-CAD mammography.
(To assess the latter subgroup, we identified the subsample of
mammography done on women aged 69 to 89 years who had 4
years of previous continuous Medicare Part A and B enrollment.)
Among mammography interpreted with CAD, the unadjusted
incident rates of late-stage cancer were similar both 9 to 24
months after CAD versus non-CAD mammography (1.50 vs.
1.52 cases per 1000 woman-years) and 24 to 48 months after
CAD versus non-CAD mammography (2.44 vs. 2.39 cases per
1000 woman-years). Thus, these results do not suggest that the
association between CAD and reduced late-stage cancer incidence during the 1-year follow-up arises as a result of missed
late-stage cancer cases that become incident at a greater rate with
longer follow-up.
Secondary Stratified Analyses
In secondary, post hoc analyses, we assessed whether main
effects of CAD use may be modified by differences in the timing
of previous mammography, use versus nonuse of CAD during
previous mammography, use of digital rather than film-screen
during the index study mammography, and patient age. We also
conducted sensitivity analyses among the subgroup of women
aged 69 to 89 years on the screening mammography date who
had continuous Medicare Parts A and B coverage for the 4 previous years, allowing for longer-term assessment for previous
mammography. These analyses used stratified logistic regression
with covariate adjustment and probability weighting as in the
main analysis. Standard errors are corrected for clustering within
physicians and the sampling design. We did not conduct formal
tests of interaction between CAD and stratified variables. The
number of study events among women who had obtained previous digital (rather than film-screen) mammography was too small
to allow stratified analyses within these subgroups. Notably,
CAD was associated with increased incidence of DCIS and increased odds of 1 or more diagnostic tests in every stratum (Appendix Tables 2 to 9).
As shown in Appendix Tables 2 to 5, stratified analyses of
breast cancer incidence and diagnostic testing by previous mammography status were largely consistent with the primary analyses. Computer-aided detection was associated with increased adjusted incidence of DCIS and increased adjusted odds of
diagnostic mammography in all strata. In addition, point esti16 April 2013 Annals of Internal Medicine Volume 158 • Number 8 W-233

mates and CIs for the CAD-associated OR for the incidence of
early- versus late-stage invasive breast cancer are all consistent
with the main analysis.
In stratified analyses by current film versus digital mammography (Appendix Tables 6 and 7), CIs for cancer incidence outcomes were wide within the stratum of digital mammography.
Nevertheless, the OR for DCIS diagnosis associated with CAD
among digital mammography was greater (adjusted OR, 1.40
[CI, 1.17 to 1.68]) than the OR within the stratum of film
mammography (adjusted OR, 1.13 [CI, 1.07 to 1.19]). Meanwhile, CAD-associated ORs for diagnostic testing among women
without breast cancer were greater among the stratum of digital
mammography than among film mammography.
In stratified analyses by patient age (Appendix Tables 8 and
9), the association between CAD and decreased stage II to IV
invasive cancer was statistically significant only among women
aged 75 to 89 years. In addition, the ORs for diagnostic mammography and breast biopsy associated with CAD were greater
among women aged 67 to 75 years than among women aged 75
to 89 years.
Sensitivity Analysis of Unmeasured Confounding
Using the method of Lin and colleagues (32), we assessed
the potential effect of imbalance in the CAD and non-CAD
groups of an unmeasured confounder with as strong an effect on
study outcomes as increased breast density (defined as either heterogeneously dense or extremely dense breasts). Unmeasured in
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our study, increased breast density is associated with increased
risk for breast cancer, decreased sensitivity, and reduced specificity of screening mammography (41). Although we can see no
reason why women with increased breast density would be differentially allocated to CAD and non-CAD mammography facilities, we conducted sensitivity analyses under the assumption that
the relative prevalence of increased breast density is 10% greater
among women who received screening mammography with versus without CAD. Because the overall prevalence of increased
breast density in the population is 46.6% (4), if the relative
prevalence were 10% greater in CAD facilities, then it would be
51.3% in this group. We further assumed that the relative risk for
breast cancer associated with the greater density is 1.75 (42). We
also assumed that this relative risk affects both invasive breast
cancer incidence and DCIS. In sensitivity analyses (Appendix
Table 10), ORs are mostly attenuated toward the null. However,
most ORs that were significantly different from 1.0 in the primary analysis remain so in the sensitivity analyses.
39. Zheng B, Ganott MA, Britton CA, Hakim CM, Hardesty LA, Chang TS,
et al. Soft-copy mammographic readings with different computer-assisted detection cuing environments: preliminary findings. Radiology. 2001;221:633-40.
[PMID: 11719657]
40. Taplin SH, Rutter CM, Lehman CD. Testing the effect of computerassisted detection on interpretive performance in screening mammography. AJR
Am J Roentgenol. 2006;187:1475-82. [PMID: 17114540]
41. Carney PA, Miglioretti DL, Yankaskas BC, Kerlikowske K, Rosenberg R,
Rutter CM, et al. Individual and combined effects of age, breast density, and
hormone replacement therapy use on the accuracy of screening mammography.
Ann Intern Med. 2003;138:168-75. [PMID: 12558355]
42. Tice JA, Cummings SR, Smith-Bindman R, Ichikawa L, Barlow WE,
Kerlikowske K. Using clinical factors and mammographic breast density to estimate breast cancer risk: development and validation of a new predictive model.
Ann Intern Med. 2008;148:337-47. [PMID: 18316752]
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Appendix Table 1. Codes Used to Define Study Variables
Variable

Codes Used to Define Variable

Coding System

CAD
Diagnostic tests
Diagnostic mammography
Breast ultrasonography
Breast biopsy

G0203, G0205, G0236, 76082, 76083, 76085

HCPCS

76090, 76091, G0204, G0206
76645
19100–19103, 19120, 19125, 10021-2
85.11, 85.12, 85.20, 85.21
Large metropolitan (code 1: counties in metropolitan areas with population ⱖ1 000 000)
Metropolitan (codes 2–3: counties in metropolitan areas with population ⬍1 000 000)
Nonmetropolitan (codes 4–5: counties with urban population ⱖ20 000)
Small nonmetropolitan (codes 6–9: counties with urban population ⬍20 000)]

HCPCS
HCPCS
HCPCS
ICD-9-CM
Rural–Urban Continuum codes

Rurality of residence counties

CAD ⫽ computer-aided detection; HCPCS ⫽ Healthcare Common Procedure Coding System; ICD-9-CM ⫽ International Classification of Diseases, Ninth Revision,
Clinical Modification.

Appendix Table 2. Breast Cancer Incidence Rates by CAD Use, Stratified by Mammography Use in the Previous 24 Months and
Whether Previous Mammography Was CAD or Non-CAD*
Breast Cancer Diagnosis Within 1 y, by Previous
Mammography Stratum

Non-CAD
Breast Cancer
Cases, n

Non-CAD mammography 9–24 mo previous (n ⴝ 243 604)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

CAD

Incidence
Rate‡

Breast Cancer
Cases, n

Adjusted OR
(95% CI)†

P Value

Incidence
Rate‡

18 978
14 708
9280
4518
4270

6.86
5.32
3.36
1.63
1.54

4411
3347
2254
902
1064

7.45
5.65
3.81
1.52
1.80

1.10 (1.06–1.14)
1.08 (1.04–1.13)
1.15 (1.09–1.21)
0.97 (0.90–1.05)
1.16 (1.08–1.25)

⬍0.001
⬍0.001
⬍0.001
0.47
⬍0.001

CAD mammography 9–24 mo previous (n ⴝ 61 537)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

367
288
167
100
79

6.70
5.26
3.05
1.83
1.44

6084
4606
3030
1345
1478

6.77
5.13
3.37
1.50
1.64

0.99 (0.88–1.12)
0.94 (0.82–1.08)
1.03 (0.87–1.22)
0.84 (0.67–1.05)
1.16 (0.91–1.48)

0.85
0.39
0.72
0.118
0.24

No mammography in previous 24 mo (n ⴝ 104 318)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

12 372
10 093
5606
3653
2279

11.90
9.71
5.39
3.51
2.19

4723
3656
2144
1241
1067

12.58
9.74
5.71
3.31
2.84

1.00 (0.96–1.05)
0.95 (0.90–0.99)
1.01 (0.95–1.08)
0.86 (0.80–0.93)
1.25 (1.14–1.37)

0.96
0.029
0.73
⬍0.001
⬍0.001

CAD ⫽ computer-aided detection; DCIS ⫽ ductal carcinoma in situ; OR ⫽ odds ratio.
* Mammograms for women without breast cancer (from the SEER [Surveillance, Epidemiology and End Results]–Medicare 5% noncancer sample) are weighted by a factor
of 20 so that the analysis represents the entire population of fee-for-service Medicare enrollees having screening mammography (weighted: 5 656 860 screening mammograms,
including 46 361 done within 1 y of breast cancer diagnosis).
† Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, presence of stable and unstable comorbid
conditions, digital vs. film mammography, year of examination, and SEER region. Owing to missing covariate or outcome data, 35 531 mammograms (8.7% of total) from
13 136 women (8.3% of total) were excluded from adjusted analyses (unweighted: 373 928 mammograms from 144 022 women).
‡ Incidence per 1000 women-years.
§ Incidence rates for overall invasive cancer include both staged and unstaged cancer.
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Appendix Table 3. CAD Use and Breast Cancer Diagnostic Testing Among Women Without Breast Cancer, Stratified by
Mammography Use in the Previous 24 Months and Whether Previous Mammography Was CAD or Non-CAD*
Non-CAD, n
(unadjusted %)

CAD, n
(unadjusted %)

Adjusted OR
(95% CI)†

P Value

10 122 (5.39)
6476 (3.45)
12 906 (6.88)
2259 (1.20)

2720 (7.19)
1446 (3.82)
3202 (8.47)
533 (1.41)

1.32 (1.31–1.34)
1.14 (1.12–1.16)
1.25 (1.24–1.27)
1.22 (1.18–1.25)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

CAD mammography in previous 9–24 mo (n ⴝ 56 700)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

197 (5.89)
124 (3.71)
250 (7.47)
45 (1.34)

3412 (6.32)
1711 (3.17)
3899 (7.22)
601 (1.11)

1.13 (1.08–1.18)
0.85 (0.81–0.90)
1.01 (0.97–1.04)
0.82 (0.76–0.90)

⬍0.001
⬍0.001
0.80
⬍0.001

No previous mammography in the past 24 mo or previous
mammography >24 mo (n ⴝ 89 795)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

4834 (7.06)
3290 (4.81)
6202 (9.06)
4834 (7.06)

1889 (8.44)
1124 (5.02)
2240 (10.01)
1889 (8.44)

1.20 (1.18–1.22)
1.02 (1.00–1.04)
1.12 (1.10–1.13)
1.07 (1.03–1.11)

⬍0.001
0.093
⬍0.001
⬍0.001

Diagnostic Test, by Previous Mammography Stratum
Non-CAD mammography in previous 9–24 mo (n ⴝ 222 861)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

CAD ⫽ computer-aided detection; OR ⫽ odds ratio.
* Based on 369 356 mammograms from 116 738 women.
† Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, presence of stable and unstable comorbid
conditions, digital vs. film mammography, year of examination, SEER (Surveillance, Epidemiology and End Results) region, and a radiologist-level random effect. Owing to
missing covariate data, adjusted analyses include 337 753 mammograms from 99 540 women.

Appendix Table 4. Breast Cancer Incident Rates by CAD Use, Stratified by Mammography Use in the Previous 48 Months*
Breast Cancer Diagnosis Within 1 y, by Previous
Mammography Stratum

Non-CAD

CAD

Adjusted OR
(95% CI)†

P Value

Breast Cancer
Cases, n

Incidence
Rate‡

Breast Cancer
Cases, n

Incidence
Rate‡

Previous mammography 9–24 mo earlier (n ⴝ 268 306)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

16 999
13 234
8374
4018
3765

26.94
5.40
3.42
1.64
1.54

9218
7017
4693
1947
2201

7.12
5.42
3.62
1.50
1.70

1.05 (1.01–1.08)
1.02 (0.99–1.02)
1.08 (1.03–1.13)
0.95 (0.89–1.01)
1.14 (1.07–1.22)

0.005
0.22
⬍0.001
0.116
⬍0.001

Previous mammography 24–48 mo earlier (n ⴝ 26 122)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

2436
1922
1117
672
514

10.51
8.29
4.82
2.90
2.22

1626
1250
805
358
376

10.92
8.39
5.40
2.40
2.52

0.99 (0.92–1.07)
0.96 (0.88–1.05)
1.05 (0.94–1.17)
0.78 (0.67–0.91)
1.11 (0.95–1.29)

0.85
0.39
0.36
0.001
0.20

No mammography in previous 48 mo (n ⴝ 59 992)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

8171
6777
3695
2470
1394

13.27
11.00
6.00
4.01
2.26

2310
1819
1004
659
491

15.67
12.34
6.81
4.47
3.33

1.01 (0.95–1.08)
0.95 (0.88–1.02)
1.02 (0.93–1.11)
0.88 (0.79–0.98)
1.37 (1.20–1.57)

0.66
0.123
0.73
0.023
⬍0.001

CAD ⫽ computer-aided detection; DCIS ⫽ ductal carcinoma in situ; OR ⫽ odds ratio.
* All women were aged 69 – 89 y on mammography dates and had 4 previous y of continuous Medicare Parts A and B. Mammograms for women without breast cancer (from
the SEER [Surveillance, Epidemiology and End Results]–Medicare 5% noncancer sample) are probability-weighted by a factor of 20 so that the analysis represents the entire
population of fee-for-service Medicare enrollees having screening mammography (weighted: 4 888 409 screening mammograms, including 40 760 done within 1 y of breast
cancer diagnosis).
† Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, presence of stable and unstable comorbid
conditions, digital vs. film mammography, year of examination, and SEER region. Owing to missing covariate or outcome data, adjusted analyses include unweighted
mammograms (n ⫽ 323 771) from 126 564 women.
‡ Incidence per 1000 women-years.
§ Incidence rates for overall invasive cancer include both staged and unstaged cancer.
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Appendix Table 5. CAD Use and Breast Cancer Diagnostic Testing Among Women Without Breast Cancer, Stratified by
Mammography in the Previous 48 Months*
Non-CAD, n
(unadjusted %)

CAD, n
(unadjusted %)

Adjusted OR
(95% CI)†

P Value

Previous mammography between 9–24 mo (n ⴝ 245 512)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

8819 (5.32)
5621 (3.39)
11 238 (6.78)
1950 (1.18)

5242 (6.57)
2695 (3.38)
6073 (7.61)
971 (1.22)

1.28 (1.26–1.29)
1.06 (1.05–1.08)
1.20 (1.18–1.21)
1.11 (1.09–1.14)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

Previous mammography between 24–48 mo (n ⴝ 22 705)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

907 (6.45)
603 (4.29)
1153 (8.19)
185 (1.31)

619 (7.17)
365 (4.23)
736 (8.52)
117 (1.36)

1.16 (1.13–1.20)
0.97 (0.93–1.01)
1.07 (1.04–1.10)
1.03 (0.96–1.11)

⬍0.001
0.090
⬍0.001
0.34

No mammography in previous 48 mo (n ⴝ 50 809)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

3028 (7.24)
2068 (4.95)
3885 (9.29)
756 (1.81)

869 (9.65)
517 (5.74)
1028 (11.41)
193 (2.14)

1.20 (1.17–1.23)
1.01 (0.98–1.04)
1.13 (1.10–1.15)
1.05 (1.00–1.11)

⬍0.001
0.47
⬍0.001
0.066

Diagnostic Test, by Previous Mammography Stratum

CAD ⫽ computer-aided detection; OR ⫽ odds ratio.
* Data based on 319 026 mammograms from 97 336 women. All women were aged 69 – 89 y on mammography dates and had 4 previous y of continuous Medicare Parts
A and B.
† Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, presence of stable and unstable comorbid
conditions, digital vs. film mammography, year of examination, SEER (Surveillance, Epidemiology and End Results) region, and a radiologist-level random effect. Owing to
missing covariate data on 10.1% of mammograms, adjusted analyses include 286 829 mammograms from 89 622 women.

Appendix Table 6. Breast Cancer Incidence Rates by CAD Use, Stratified by Mammography Use in the Previous 24 Months and
Whether Mammography Was CAD or Non-CAD*
Breast Cancer Diagnosis Within 1 y, by
Mammography Type

Current film-screen mammography (n ⴝ 380 217)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS
Current digital mammography (n ⴝ 29 242)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

Non-CAD

CAD

Adjusted OR
(95% CI)†

P Value

Breast Cancer
Cases, n

Incidence
Rate‡

Breast Cancer
Cases, n

Incidence
Rate‡

30 314
23 999
14 379
7944
6315

8.23
6.51
3.90
2.16
1.71

12 378
9518
6109
2844
2860

8.12
6.24
4.01
1.86
1.88

1.01 (0.98–1.04)
0.98 (0.95–1.01)
1.05 (1.01–1.09)
0.88 (0.84–0.93)
1.13 (1.07–1.19)

0.55
0.126
0.019
⬍0.001
⬍0.001

1025
805
496
242
220

7.77
6.11
3.76
1.84
1.67

2644
1948
1226
597
696

8.38
6.17
3.88
1.89
2.21

1.07 (0.97–1.17)
0.98 (0.88–1.08)
0.98 (0.87–1.11)
1.02 (0.86–1.22)
1.40 (1.17–1.68)

0.170
0.69
0.78
0.78
⬍0.001

CAD ⫽ computer-aided detection; DCIS ⫽ ductal carcinoma in situ; OR ⫽ odds ratio.
* Mammograms for women without breast cancer (from the SEER [Surveillance, Epidemiology and End Results]–Medicare 5% noncancer sample) are probability-weighted
by a factor of 20 so that the analysis represents the entire population of fee-for-service Medicare enrollees having screening mammography (weighted: 5 656 860 screening
mammograms, including 46 361 done within 1 y of breast cancer diagnosis).
† Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, time since previous mammogram, use of CAD
on the previous examination, presence of stable and unstable comorbid conditions, digital vs. film mammography, year of examination, and SEER region. Because breast
cancer is uncommon, the adjusted OR closely approximates the adjusted incidence rate ratio. Owing to missing covariate or outcome data, 35 531 mammograms (8.7% of
total) from 13 136 women (8.3% of total) were excluded from adjusted analyses (unweighted: 373 928 mammograms from 144 022 women).
‡ Incidence per 1000 women-years.
§ Incidence rates for overall invasive cancer include both staged and unstaged cancer.
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Appendix Table 7. CAD Use and Breast Cancer Diagnostic Testing Among Women Without Breast Cancer, Stratified by Current
Film-Screen Versus Digital Mammography*
Non-CAD, n
(unadjusted %)

CAD, n
(unadjusted %)

Adjusted OR
(95% CI)†

P Value

Current film-screen mammography (n ⴝ 343 032)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

14 626 (5.88)
9520 (3.83)
18 674 (7.51)
3326 (1.34)

6731 (7.13)
3623 (3.84)
7862 (8.33)
1291 (1.37)

1.24 (1.23–1.25)
1.05 (1.04–1.06)
1.16 (1.15–1.17)
1.07 (1.04–1.09)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

Current digital mammography (n ⴝ 26 324)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

353 (4.39)
247 (3.07)
462 (5.74)
84 (1.04)

1208 (6.61)
604 (3.30)
1378 (7.54)
221 (1.21)

1.67 (1.61–1.73)
1.17 (1.12–1.22)
1.43 (1.38–1.48)
1.32 (1.22–1.42)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

Diagnostic Test, by Mammography Type

CAD ⫽ computer-aided detection; OR ⫽ odds ratio.
* Data based on 369 356 mammograms from 116 738 women.
† Adjusted for age, race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, presence of stable and unstable comorbid
conditions, time since previous mammogram, use of CAD on the previous examination, year of examination, SEER (Surveillance, Epidemiology and End Results) region,
and a radiologist-level random effect. Owing to missing covariate data on 8.5% of mammograms, adjusted analyses include 337 753 mammograms from 99 540 women.

Appendix Table 8. Breast Cancer Incidence Rates by CAD Use, Stratified by Patient Age*
Breast Cancer Diagnosis Within 1 y,
by Patient Age on Mammography
Date

Non-CAD

CAD

Adjusted OR
(95% CI)†

P Value

Breast Cancer
Cases, n

Incidence
Rate‡

Breast Cancer
Cases, n

Incidence
Rate‡

Age 67–75 y (n ⴝ 233 874)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

16 557
12 940
7741
4441
3617

7.55
5.90
3.53
2.03
1.65

7917
5910
3670
1938
2007

7.62
5.69
3.53
1.86
1.93

1.05 (1.01–1.09)
1.00 (0.96–1.04)
1.02 (0.97–1.07)
0.99 (0.92–1.05)
1.23 (1.14–1.31)

0.009
0.97
0.37
0.68
⬍0.001

Age 75–89 y (n ⴝ 175 585)
Any breast cancer
Invasive breast cancer§
Stage I invasive
Stages II–IV invasive
DCIS

14 782
11 864
7134
3745
2918

9.11
7.31
4.40
2.31
1.80

7105
5556
3665
1503
1549

8.87
6.93
4.57
1.88
1.93

1.02 (0.98–1.06)
1.00 (0.96–1.04)
1.11 (1.05–1.16)
0.84 (0.78–0.91)
1.11 (1.03–1.20)

0.25
0.96
⬍0.001
⬍0.001
0.008

CAD ⫽ computer-aided detection; DCIS ⫽ ductal carcinoma in situ; OR ⫽ odds ratio.
* Mammograms for women without breast cancer (from the SEER [Surveillance, Epidemiology and End Results]–Medicare 5% noncancer sample) are probability-weighted
by a factor of 20 so that the analysis represents the entire population of fee-for-service Medicare enrollees having screening mammography (weighted: 5 656 860 screening
mammograms, including 46 361 done within 1 y of breast cancer diagnosis).
† Adjusted for race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, time since previous mammogram, use of CAD on
the previous examination, presence of stable and unstable comorbid conditions, year of examination, and SEER region. Owing to missing covariate or outcome data, 35 531
mammograms (8.7% of total) from 13 136 women (8.3% of total) were excluded from adjusted analyses (unweighted: 373 928 mammograms from 144 022 women).
‡ Incidence per 1000 women-years.
§ Incidence rates for overall invasive cancer include both staged and unstaged cancer.
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Appendix Table 9. CAD Use and Breast Cancer Diagnostic Testing Among Women Without Breast Cancer, Stratified
by Patient Age*
Non-CAD, n
(unadjusted %)

CAD, n
(unadjusted %)

Adjusted OR
(95% CI)†

P Value

Age 67–75 y (n ⴝ 212 900)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

8966 (6.02)
6022 (4.04)
11 531 (7.74)
2049 (1.38)

4706 (7.35)
2537 (3.96)
5460 (8.53)
912 (1.42)

1.32 (1.30–1.33)
1.07 (1.05–1.09)
1.21 (1.20–1.22)
1.15 (1.12–1.18)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

Age 75–89 y (n ⴝ 156 456)
Diagnostic mammography
Breast ultrasonography
Either diagnostic mammography or breast ultrasonography
Breast biopsy

6013 (5.58)
3745 (3.48)
7605 (7.06)
1361 (1.26)

3233 (6.64)
1690 (3.47)
3780 (7.76)
600 (1.23)

1.23 (1.21–1.24)
1.08 (1.06–1.10)
1.17 (1.16–1.19)
1.03 (1.01–1.05)

⬍0.001
⬍0.001
⬍0.001
0.011

Diagnostic Test, by Patient Age on Mammography Date

CAD ⫽ computer-aided detection; OR ⫽ odds ratio.
* Data based on 369 356 mammograms from 116 738 women.
† Adjusted for race or ethnicity, rural vs. urban residence, median income of elderly residents within the same ZIP code, presence of stable and unstable comorbid conditions,
time since previous mammography, use of CAD on the previous examination, year of examination, SEER (Surveillance, Epidemiology and End Results) region, and a
radiologist-level random effect. Owing to missing covariate data on 8.5% of mammograms, adjusted analyses include 337 753 mammograms from 99 540 women.

Appendix Table 10. Effect on Primary Analyses of a Potentially Unmeasured Confounder*
Outcome by Table

OR Associated With CAD (95% CI)
Original Analysis With Potential
Unmeasured Confounding

Sensitivity Analysis Accounting for
Unmeasured Confounder

Table 1
Any breast cancer
Invasive breast cancer
Stage I invasive
Stages II–IV invasive
DCIS

1.04 (1.01–1.06)
1.00 (0.97–1.03)
1.06 (1.03–1.10)
0.92 (0.87–0.96)
1.17 (1.11–1.23)

1.00 (0.98–1.03)
0.96 (0.95–0.99)
1.03 (1.00–1.07)
0.89 (0.85–0.93)
1.15 (1.09–1.21)

Table 4
Smallest OR: Invasive size ⬍1 cm (vs. ⱖ1 cm)
Largest OR: Invasive stage I or II (vs. III or IV)

1.10 (1.04–1.16)
1.27 (1.14–1.41)

1.08 (1.02–1.14)
1.25 (1.13–1.38)

Table 5
Smallest OR: Breast ultrasonography
Largest OR: Diagnostic mammography

1.08 (1.06–1.09)
1.28 (1.27–1.29)

1.05 (1.03–1.06)
1.25 (1.24–1.26)

CAD ⫽ computer-aided detection; DCIS ⫽ ductal carcinoma in situ; OR ⫽ odds ratio.
* Sensitivity analyses assume a 10% relative imbalance in the prevalence of unmeasured increased breast density among women who receive screening mammography with
CAD compared with women who receive screening without CAD.
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