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Abstract

Background—Established mammography screening performance metrics use the initial 

screening mammography assessment because they were developed for radiologist performance 

auditing, yet these metrics are frequently used to inform health policy and screening decision-

making. We developed new performance metrics based on the final assessment that consider the 

entire screening episode, including diagnostic work-up.

Methods—We used data from 2,512,577 screening episodes during 2005–2017 at 146 facilities 

in the United States participating in the Breast Cancer Surveillance Consortium. We compared 

screening performance metrics based on the final assessment of the screening episode to 
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conventional metrics defined using the initial assessment. We also stratified results by breast 

density and breast cancer risk.

Results—The cancer detection rate was similar for final (4.1 per 1000; 95% CI: 3.8–4.3) vs. 

initial assessment (4.1 per 1000; 95% CI: 3.9–4.3). The interval cancer rate was 12% higher based 

on final (0.77 per 1000; 95% CI: 0.71–0.83) vs. initial assessment (0.69 per 1000; 95% CI: 0.64–

0.74), resulting in a modest difference in sensitivity (84.1% [95% CI: 83.0–85.1] vs. 85.7% [95% 

CI: 84.8–86.6%], respectively). Absolute differences in interval cancer rate between final and 

initial assessment increased with breast density and breast cancer risk (e.g., difference of 0.29 per 

1000 for women with extremely dense breasts and 5-year risk >2.49%).

Conclusions—Established screening performance metrics underestimate the interval cancer rate 

of a mammography screening episode, particularly for women with dense breasts or elevated 

breast cancer risk. Women, clinicians, policymakers, and researchers should use final assessment 

performance metrics to support informed screening decisions.

PRECIS

Existing mammography screening performance metrics based on the initial assessment of the 

screening examination underestimate the interval cancer rate of a screening episode. Metrics based 

on the final assessment of the screening episode should be used to inform routine screening and 

supplemental screening guidelines.
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INTRODUCTION

Existing screening mammography performance metrics, including cancer detection rate, 

sensitivity, and specificity, are based on the well-established definitions developed by the 

American College of Radiology (ACR).1, 2 These metrics were designed to evaluate 

radiologist performance in breast imaging interpretation, yet they are also widely used to 

inform women, healthcare providers, and policymakers regarding the potential benefits, 

harms, and limitations of mammography screening.3–5

A breast cancer screening episode starts with an initial screening mammogram, and if that 

screening exam is positive, is followed by diagnostic mammography or other imaging tests 

to either resolve any suspicious findings on the screening mammogram or to refer the 

woman for either short-interval follow-up imaging or a biopsy. The ACR recommends 

separate audits of screening and diagnostic mammography such that the performance of 

each type of breast imaging exam can be evaluated specifically.1 The ACR screening 

mammography performance metrics consider only the assessment made by the radiologist 

interpreting the initial screening mammogram (i.e., the “initial assessment”). Subsequent 

diagnostic imaging work-up is interpreted separately and results in a final assessment. 

Audits of diagnostic imaging include these exams following abnormal screening, combined 

with diagnostic exams for women presenting with clinical signs and symptoms.6 Thus, no 

existing metrics describe the performance of the entire screening episode.
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This approach is useful for evaluating radiologist performance, particularly since the 

diagnostic examinations following an abnormal screen may be interpreted by a different 

radiologist than the one who interpreted the initial screening exam.7 However, metrics for 

screening performance that are based only on the initial assessment are not entirely 

informative for women trying to understand the likely outcomes of mammography screening 

or for researchers evaluating or comparing woman-level outcomes with different screening 

modalities. One example is a woman who has an abnormal screening mammogram followed 

by diagnostic mammography that is interpreted as normal. A breast cancer that presents 

symptomatically in the ipsilateral breast within the following 12 months would be 

considered a true-positive (based on the positive initial assessment), despite the fact that the 

screening episode did not detect her cancer. The diagnostic mammogram would be 

considered a false-negative and the performance statistics for diagnostic mammography 

would reflect that. Yet, the performance statistics for diagnostic mammography are rarely 

considered when evaluating screening strategies.

Screening outcomes that inform clinical decision-making are impacted by the interpretative 

performance of the entire episode, which includes interpretation of both screening 

mammography and diagnostic imaging performed to work-up abnormal screens. The debate 

around breast density notification laws and supplemental screening for women with dense 

breasts8–10 calls further attention to the need for screening metrics that accurately identify 

women at risk of poor screening outcomes, aside from evaluating radiologist performance. 

We sought to calculate mammography screening performance metrics based on the final 

assessment of an entire screening episode. We compared these new metrics to conventional 

screening performance metrics based on initial assessment and illustrated the impact of these 

definitions by determining screening performance and outcomes measures according to 

breast density and breast cancer risk.

METHODS

Study Design and Setting

We used observational data prospectively collected from the six active breast imaging 

registries of the Breast Cancer Surveillance Consortium (BCSC): the Carolina 

Mammography Registry, Kaiser Permanente Washington Registry, New Hampshire 

Mammography Network, Vermont Breast Cancer Surveillance System, San Francisco 

Mammography Registry, and Metropolitan Chicago Breast Cancer Registry.2, 11 Each 

registry collects clinical data on women undergoing breast imaging exams at participating 

facilities within its catchment area. Each registry and the Statistical Coordinating Center 

received institutional review board approval for either active or passive consenting processes 

or a waiver of consent.

Study Participants

Women aged 40–79 with a screening mammogram (digital mammography or digital breast 

tomosynthesis) during 2005–2017 were eligible for the study. To reflect regular participation 

in screening, all analyses were limited to women undergoing a screening mammogram 

within 30 months after a prior screening mammogram. Thus, women undergoing their first 
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screening mammogram and women undergoing a screening mammogram more than 30 

months since their most recent screen were excluded. We also excluded screening exams 

among women with a personal history of breast cancer, mastectomy, or breast augmentation 

(among whom screening performance statistics are known to differ greatly) and exams 

occurring within 9 months of a prior mammogram or breast ultrasound examination (to 

avoid inclusion of misclassified screening exams).

Data Collection

BCSC registries capture imaging modality, exam indication, breast density, and assessment 

data from participating radiology facilities using standard nomenclature defined by Breast 

Imaging Reporting and Data System (BI-RADS).1 Breast density was recorded by the 

interpreting radiologist using the BI-RADS categories (almost entirely fatty, scattered areas 

of fibroglandular density, heterogeneously dense, and extremely dense).1 Demographic, risk 

factor, and medical history information for women was obtained via a questionnaire 

completed at each mammogram or by extraction from the electronic medical record. Data on 

breast cancer diagnoses (invasive cancer or DCIS) diagnosed within 1 year after each 

screening mammogram and prior to the next screening mammogram were obtained by 

linking to pathology databases; regional Surveillance, Epidemiology, and End Results 

programs; and state tumor registries.

Key Measures and Definitions

Radiologists interpreting screening mammograms in clinical practice assign one of six 

assessment categories: 0) Incomplete: need additional imaging evaluation; 1) Negative; 2) 

Benign; 3) Probably benign; 4) Suspicious; 5) Highly suggestive of malignancy. Based on 

ACR guidelines 1, screening mammograms should receive an initial assessment of 0, 1, or 2, 

though in practice radiologists occasionally record an initial assessment of 3, 4, or 5.12 

Screening exams with an initial assessment of 0 should be followed by diagnostic imaging 

(mammography or ultrasound), which after interpretation should be assigned a final 

assessment of 1, 2, 3, 4, or 5. Recommendations for follow-up are linked to the assessment 

as follows: 1,2) return to routine screening; 3) short-interval follow-up imaging at 6 months; 

4,5) recommendation for tissue biopsy.

In our analyses a screening episode was defined by identifying screening mammography 

exams and all subsequent diagnostic imaging occurring within the 90 days following 

screening exams with an initial BI-RADS assessment of 0 (needs additional evaluation) and 

prior to a breast biopsy. Screening performance metrics were defined separately based on a) 

the initial screening assessment as per established American College of Radiology BI-RADS 

definitions 1; and b) the final assessment after diagnostic workup.

For metrics based on initial assessment, we used the standard BI-RADS definitions of a 

positive screen (initial BI-RADS assessment category 0, 3, 4, or 5), cancer detection rate, 

interval cancer (false negative) rate, sensitivity, and specificity.1 For metrics based on final 

assessment, we defined a positive screening episode as final BI-RADS assessment categories 

3, 4, or 5. While the ACR does not consider a category 3 assessment to be positive in 

diagnostic mammographic audits,1 we observed that the majority of cancers diagnosed after 
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category 3 final assessments were detected within 7–8 months after the screening exam 

(eFigure S1, Supplemental Material), consistent with the premise that the category 3 

assessment led to the cancer diagnosis via further work-up at 6 months short-interval follow-

up. Sensitivity analyses examined the impact of classifying category 3 final assessments as 

negative instead of positive. Cancer status for all metrics was determined based on the 

standard 365 day follow-up stipulated by BI-RADS.1

Additional screening outcome measures defined based on initial vs. final assessment 

included rates of early stage (American Joint Committee on Cancer anatomic stage I and IIa) 

screen-detected invasive breast cancers and interval- and screen-detected advanced stage 

(American Joint Committee on Cancer anatomic stage IIb or higher) breast cancers. We also 

calculated the false-positive rate of a) additional imaging recommendation on the initial 

screen; b) biopsy recommendation at the conclusion of screening episode; and c) short 

interval follow-up recommendation at the conclusion of the screening episode.

Statistical Analyses

The screening episode was the unit of analysis for all statistics. We calculated screening 

performance metrics measures separately based on the screening episode’s initial assessment 

and final assessment. We estimated 95% confidence intervals using generalized estimating 

equations with a working independence correlation structure to account for correlation 

among mammograms from the same woman, radiologist, or facility.13, 14 Selected screening 

performance measures were calculated for subgroups of women defined by breast density 

and estimated 5-year BCSC breast cancer risk. We estimated each woman’s 5-year invasive 

breast cancer risk using the BCSC version 2.0 risk model,15 and categorized as low (0 to 

<1.00%), average (1.00–1.66%), intermediate (1.67%−2.49%), high (2.5%−3.99%) and very 

high (>3.99%).5, 16 SAS statistical software version 9.4 (SAS Institute Inc.) was used for all 

analyses.

RESULTS

Over 2.5 million mammography screening episodes were identified among 791,347 

individual women, with exams interpreted by 705 radiologists at 146 facilities (Table 1). A 

total of 12,131 cancers occurred during the 1 year period following a screening 

mammogram. A higher proportion of women diagnosed with breast cancer were older, 

postmenopausal, had a first degree family history of breast cancer, had heterogeneously or 

extremely dense breasts, and had an elevated BCSC 5-year risk compared to women not 

diagnosed with breast cancer.

Of the 2,512,577 screening episodes, 8.6% had a positive (abnormal) initial assessment 

(Table 2). Among the initial positive screens, 64.8% had a negative final assessment, 19.5% 

had a category 3 short-interval follow-up final assessment, and 15.7% had a category 4/5 

biopsy recommendation final assessment. Among the 12,131 cancers, 85.7% were diagnosed 

among women after a positive initial assessment (Table 2). 1.6% of cancers occurred after a 

positive initial assessment that was resolved to a category 1 or 2 final assessment, and 4.5% 

of cancers occurred after a positive initial assessment that was resolved to a category 3 final 

assessment.
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The cancer detection rate was comparable based on the final vs. initial assessment (Table 3). 

The rate of interval cancers was 12% higher based on the final assessment (0.77 per 1000; 

95% CI: 0.71–0.83 per 1000) compared to the initial assessment (0.69 per 1000; 95% CI: 

0.61–0.79 per 1000). Sensitivity was higher based on initial assessment (85.7%; 95% CI: 

84.8–86.6%) compared to final assessment (84.1%; 95% CI: 83.0–85.1), whereas specificity 

was lower based on initial assessment (91.8%; 95% CI: 91.0–92.4%) compared to final 

assessment (97.4%; 95% CI: 97.0–97.6%).

There were no large absolute differences in rates of screen-detected early stage breast 

cancer, or advanced stage interval- and screen-detected breast cancers according to final vs. 

initial assessment (Table 3). The false-positive rate based on initial assessment was 82.1 per 

1000, whereas the false-positive rate of short interval follow-up (category 3) and biopsy 

recommendation (categories 4, 5) were 16.5 per 1000 and 9.8 per 1000, respectively.

The absolute differences in screening performance metrics based on final vs. initial 

assessment were greatest for women with dense breasts (Table 4). The interval cancer rate 

for women with extremely dense breasts was 1.57 per 1000 (95% CI: 1.38–1.80 per 1000) 

based on final assessment, compared to 1.42 (95% CI: 1.23–1.63 per 1000) based on initial 

assessment. The absolute difference in interval cancer rates according to final vs. initial 

assessment also increased with increasing BCSC 5-year risk (Figure 1). For example, among 

women with almost entirely fat breast density and low breast cancer risk there was no 

difference in interval cancer rate based on final vs. initial assessment, whereas among 

women extremely dense breasts and risk >2.49% the interval cancer rate was higher by 0.29 

per 1000 based on final vs. initial assessment.

In sensitivity analyses, we found that classification of category 3 final assessments as 

negative (instead of positive) resulted in a slightly lower cancer detection rate; increases in 

the interval cancer rate and specificity; and a moderate decrease in sensitivity (eTable S1, 

Supplemental Material).

DISCUSSION

Determination of screening performance metrics based on the final assessment of the 

screening episode rather than the initial assessment of the screening exam results in re-

classification of approximately 1.9% of screen-detected cancers. This has a modest influence 

on the cancer detection rate and screening sensitivity, but corresponds to a 12% increase in 

the interval cancer rate. This phenomenon is largest among women with dense breasts or 

high risk levels. These differences have consequences for women, healthcare providers, and 

policymakers considering primary and supplemental breast cancer screening strategies.

Based on the initial assessment, it appears that the interval cancer rate on mammography 

screening is 0.69 per 1000. However, this increased to 0.77 per 1000 when using the final 

assessment, which more accurately reflects the clinical outcome of the screening episode. 

The difference reflects cancers that had a positive initial screening mammogram but were 

resolved to a negative final assessment upon additional imaging. These results indicate that 

the mammography screening process has a higher failure rate than previously appreciated 
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based on established screening mammography performance metrics that are based on the 

initial assessment alone.

Our findings are particularly relevant to women with dense breasts, who in most US states 

are now informed of the limitations of mammography and advised to discuss supplemental 

screening options with their healthcare providers.17 While a federal US law is pending,18 

there remains widespread debate and uncertainty regarding the appropriateness of 

supplemental screening for women with dense breasts.8, 10, 19 Supplemental screening 

would likely benefit women who have high rates of interval cancers after screening 

mammography. Two recent studies have shown that supplemental screening with magnetic 

resonance imaging (MRI) of women with extremely dense breasts yields a substantially 

higher rate of detected cancers,20, 21 with one of the studies also demonstrating a decrease in 

the interval cancer rate.20 We have previously demonstrated that the risk of interval and 

advanced stage cancers among women with dense breasts varies considerably according to 

their BCSC 5-year risk.5, 16 Our current results demonstrate that interval cancer rates based 

on the final assessment of the screening episode are higher than previously recognized. 

Furthermore, the degree of underestimation is largest for women with dense breasts or high 

BCSC 5-year risk. Healthcare providers and policy makers should consider these new 

estimates based on the complete screening episode when considering supplemental 

screening recommendations. Researchers should use these new definitions based on the final 

assessment of the screening episode in future studies designed to identify women at high 

risk of mammography screening failures. We recently used this approach in a study 

examining risk of advanced-stage breast cancer as a screening outcome.16 Studies 

comparing screening outcomes according to modality (e.g., digital breast tomosynthesis vs. 

digital mammography) or evaluating the benefits of supplemental screening modalities 

should also consider this approach.

The specificity of screening mammography is higher when based on the final assessment vs. 

the initial assessment. This occurs because the majority of positive initial assessments are 

resolved on diagnostic imaging with a negative final assessment, and in most instances no 

cancer is diagnosed within the following year. The false-positive rate based on the final 

assessment is only 1.0%, compared to 9.1% based on the initial assessment. Notably, these 

false-positives have different consequences, though both are important. A false-positive on 

the initial screen in most instances involves only additional imaging, whereas a false-positive 

final positive assessment involves a recommendation for short interval follow-up imaging 

and/or biopsy. For this reason, recent policy-level evaluations of mammography screening 

have considered additional imaging and biopsy recommendations separately.4

The BI-RADS manual stipulates that category 3 final assessments should be classified as 

negative when evaluating the performance of diagnostic mammography.1 For our evaluation 

of screening episodes, we classified category 3 final assessments as positive because for 

most cancers diagnosed after a category 3 final assessment it appeared that the screening 

episode led to an asymptomatic cancer diagnosis. A category 3 final assessment typically 

comes with a recommendation for short interval follow-up at six months.1 In some 

instances, biopsy may be performed immediately based on patient preference. We observed 

that the majority of cancers occurring after a category 3 final assessment were diagnosed 
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within 7–8 months following the screening exam. This suggests diagnosis via short interval 

follow-up as a consequence of the category 3 assessment.

The BCSC includes a large, geographically diverse sample of academic and community 

practice breast imaging facilities in the US that collectively serve a racially diverse 

population of women. Our results are representative of the wide range of diagnostic work-up 

pathways used in clinical practice in the US.22 Limitations of the study include the inability 

to definitively determine whether a cancer diagnosis was directly attributable to the 

screening episode. This limitation is common to existing screening performance metrics 

used for radiologist and facility performance audits 1 and research studies in which 

individual chart review is not feasible.2, 5 In our study, 97.3% of the cancers occurring 

within 1 year of a category 4 or 5 final assessment were diagnosed within 90 days of the 

screening exam, suggesting that the impact of this limitation is small.

In summary, conventional mammography screening performance metrics based on the initial 

assessment of the screening examination underestimate the interval cancer rate of a 

screening episode, particularly for women with dense breasts or high breast cancer risk level. 

Women, clinicians, policymakers, and researchers should consider screening outcome 

measures based on the final assessment in order to support informed decisions about routine 

screening and the need for supplemental breast cancer screening.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Interval cancer rate based on initial vs. final assessment, according to breast density and 

five-year breast cancer risk, among women with a recent screening mammogram in the 

Breast Cancer Surveillance Consortium, 2005–2017. Error bars depict 95% confidence 

intervals.
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Table 1.

Exam-level characteristics of study participants, overall and by breast cancer status within 1 year follow-up.

All Screening Examinations No Breast Cancer Breast Cancer

N % N % N %

Screening mammograms† 2,512,577 100% 2,500,446 100% 12,131 100%

Age, years

 40–49 623,156 25% 621,093 25% 2,063 17%

 50–59 889,719 35% 885,928 35% 3,791 31%

 60–69 758,883 30% 754,349 30% 4,534 37%

 70–79 240,819 10% 239,076 10% 1,743 14%

Race/ethnicity

 White, non-Hispanic 1,685,099 67% 1,676,540 67% 8,559 71%

 Black, non-Hispanic 244,665 10% 243,498 10% 1,167 10%

 Asian/Native Hawaiian/Pacific Islander 299,151 12% 297,759 12% 1,392 11%

 Hispanic 134,438 5% 133,990 5% 448 4%

 Other/Mixed/Unknown 149,224 6% 148,659 6% 565 5%

Menopausal status

 Pre- or peri-menopausal 651,230 29% 648,736 29% 2,494 23%

 Postmenopausal 1,440,724 65% 1,432,642 65% 8,082 73%

 Surgical menopausal 118,989 5% 118,490 5% 499 5%

 Unknown 301,634 (12%) 300,578 (12%) 1,056 (9%)

First degree family history of breast cancer

 No 2,009,458 83% 2,000,707 83% 8,751 75%

 Yes 417,981 17% 415,039 17% 2,942 25%

 Unknown 85,138 (3%) 84,700 (3%) 438 (4%)

BI-RADS breast density‡

 Almost entirely fat 234,897 10% 234,233 10% 664 6%

 Scattered fibroglandular density 987,913 43% 983,390 43% 4,523 41%

 Heterogeneously dense 910,134 39% 905,306 39% 4,828 44%

 Extremely dense 186,699 8% 185,731 8% 968 9%

 Unknown 192,934 (8%) 191,786 (8%) 1,148 (9%)

BCSC 5-year risk||

 0 – <1.00% 646,582 28% 644,926 28% 1,656 15%

 1.00–1.66% 931,062 40% 926,976 40% 4,086 37%

 1.67–2.49% 499,586 22% 496,521 22% 3,065 28%

 2.50–3.99% 211,302 9% 209,512 9% 1,790 16%

 ≥4.00% 31,111 1% 30,725 1% 386 4%

 Unknown 192,934 (8%) 191,786 (8%) 1,148 (9%)

*
Breast cancer cases within 12 months of screening mammography

†
Subsequent screening examinations after first screening mammography and within30 months of prior mammography

‡
Breast Imaging Reporting and Data System (BI-RADS)
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||
Breast Cancer Surveillance Consortium (BCSC) 5-year risk calculated using age, race, first degree family history of breast cancer, history of 

breast biopsy, BI-RADS density.

Cancer. Author manuscript; available in PMC 2021 July 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sprague et al. Page 14

Ta
b

le
 2

.

In
iti

al
 v

s.
 f

in
al

 a
ss

es
sm

en
t a

m
on

g 
w

om
en

 w
ith

 a
 r

ec
en

t s
cr

ee
ni

ng
 e

xa
m

in
at

io
n 

in
 th

e 
B

re
as

t C
an

ce
r 

Su
rv

ei
lla

nc
e 

C
on

so
rt

iu
m

, 2
00

5–
20

17
.

F
in

al
 A

ss
es

sm
en

t

In
it

ia
l A

ss
es

sm
en

t
N

eg
at

iv
e 

(B
I-

R
A

D
S 

1,
2)

Sh
or

t-
in

te
rv

al
 fo

llo
w

-u
p 

(B
I-

R
A

D
S 

3)
B

io
ps

y 
re

co
m

m
en

da
ti

on
 (

B
I-

R
A

D
S 

4,
5)

To
ta

l

A
ll 

sc
re

en
s

 
N

eg
at

iv
e 

(B
I-

R
A

D
S 

1,
2)

2,
29

5,
93

5 
(9

1.
4%

)
N

A
N

A
2,

29
5,

93
5 

(9
1.

4%
)

 
Po

si
tiv

e 
(B

I-
R

A
D

S 
0,

3,
4,

5)
14

0,
43

8 
(5

.6
%

)
41

,8
89

 (
1.

7%
)

34
,3

15
 (

1.
4%

)
21

6,
64

2 
(8

.6
%

)

 
To

ta
l

2,
43

6,
37

3 
(9

7.
0%

)
41

88
9 

(1
.7

%
)

34
,3

15
 (

1.
4%

)
2,

51
2,

57
7 

(1
00

.0
%

)

Sc
re

en
s 

fo
llo

w
ed

 b
y 

a 
ca

nc
er

 d
ia

gn
os

is

 
N

eg
at

iv
e 

(B
I-

R
A

D
S 

1,
2)

1,
73

6 
(1

4.
3%

)
N

A
N

A
1,

73
6 

(1
4.

3%
)

 
Po

si
tiv

e 
(B

I-
R

A
D

S 
0,

3,
4,

5)
19

5 
(1

.6
%

)
55

1 
(4

.5
%

)
9,

64
9 

(7
9.

5%
)

10
,3

95
 (

85
.7

%
)

 
To

ta
l

1,
93

1 
(1

5.
9%

)
55

1 
(4

.5
%

)
9,

64
9 

(7
9.

5%
)

12
,1

31
 (

10
0.

0%
)

Cancer. Author manuscript; available in PMC 2021 July 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sprague et al. Page 15

Ta
b

le
 3

.

Sc
re

en
in

g 
m

am
m

og
ra

ph
y 

pe
rf

or
m

an
ce

 m
et

ri
cs

 b
as

ed
 o

n 
in

iti
al

 v
s.

 f
in

al
 a

ss
es

sm
en

t, 
am

on
g 

w
om

en
 w

ith
 a

 r
ec

en
t s

cr
ee

ni
ng

 m
am

m
og

ra
m

 in
 th

e 
B

re
as

t 

C
an

ce
r 

Su
rv

ei
lla

nc
e 

C
on

so
rt

iu
m

, 2
00

5–
20

17
.

In
it

ia
l A

ss
es

sm
en

t
F

in
al

 A
ss

es
sm

en
t

Sc
re

en
in

g 
P

er
fo

rm
an

ce
 M

et
ri

c
E

st
im

at
e

95
%

 C
I

E
st

im
at

e
95

%
 C

I

St
an

da
rd

 p
er

fo
rm

an
ce

 m
ea

su
re

s

C
an

ce
r 

de
te

ct
io

n 
ra

te
, p

er
 1

00
0

4.
1

3.
9,

 4
.3

4.
1

3.
8,

 4
.3

In
te

rv
al

 c
an

ce
r 

ra
te

, p
er

 1
00

0
0.

69
0.

64
, 0

.7
4

0.
77

0.
71

, 0
.8

3

Se
ns

iti
vi

ty
, %

85
.7

84
.8

, 8
6.

6
84

.1
83

.0
, 8

5.
1

Sp
ec

if
ic

ity
, %

91
.8

91
.0

, 9
2.

4
97

.4
97

.0
, 9

7.
6

Sc
re

en
in

g 
be

ne
fi

t

St
ag

e 
I 

or
 I

Ia
 s

cr
ee

n-
de

te
ct

ed
 in

va
si

ve
 c

an
ce

rs
, p

er
 1

00
0

2.
7

2.
5,

 2
.8

2.
6

2.
5,

 2
.8

Sc
re

en
in

g 
fa

ls
e-

al
ar

m
s

Fa
ls

e-
po

si
tiv

e 
re

ca
ll 

fo
r 

ad
di

tio
na

l i
m

ag
in

g,
 p

er
 1

00
0

82
.1

75
.3

, 8
9.

4
N

A
N

A

Fa
ls

e-
po

si
tiv

e 
sh

or
t i

nt
er

va
l f

ol
lo

w
-u

p 
re

co
m

m
en

da
tio

n,
 p

er
 1

00
0

N
A

N
A

16
.5

13
.9

, 1
9.

5

Fa
ls

e-
po

si
tiv

e 
bi

op
sy

 r
ec

om
m

en
da

tio
n,

 p
er

 1
00

0
N

A
N

A
9.

8
8.

5,
 1

1.
3

Sc
re

en
in

g 
fa

ilu
re

s

St
ag

e 
II

b 
or

 h
ig

he
r 

in
te

rv
al

 in
va

si
ve

 c
an

ce
rs

, p
er

 1
00

0
0.

16
0.

15
, 0

.1
8

0.
18

0.
16

, 0
.2

0

St
ag

e 
II

b 
or

 h
ig

he
r 

sc
re

en
-d

et
ec

te
d 

in
va

si
ve

 c
an

ce
rs

, p
er

 1
00

0
0.

29
0.

26
, 0

.3
3

0.
27

0.
24

, 0
.3

1

C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; N
A

, n
ot

 a
pp

lic
ab

le
.

Cancer. Author manuscript; available in PMC 2021 July 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sprague et al. Page 16

Ta
b

le
 4

.

B
re

as
t c

an
ce

r 
sc

re
en

in
g 

pe
rf

or
m

an
ce

 m
ea

su
re

s 
ba

se
d 

on
 in

iti
al

 v
s.

 f
in

al
 a

ss
es

sm
en

t, 
ac

co
rd

in
g 

to
 b

re
as

t d
en

si
ty

, a
m

on
g 

w
om

en
 w

ith
 a

 r
ec

en
t s

cr
ee

ni
ng

 

m
am

m
og

ra
m

 in
 th

e 
B

re
as

t C
an

ce
r 

Su
rv

ei
lla

nc
e 

C
on

so
rt

iu
m

, 2
00

5–
20

17
.

B
I-

R
A

D
S 

B
re

as
t 

D
en

si
ty

Sc
re

en
in

g 
P

er
fo

rm
an

ce
 M

et
ri

c
A

lm
os

t 
en

ti
re

ly
 f

at
Sc

at
te

re
d 

fi
br

og
la

nd
ul

ar
 d

en
si

ty
H

et
er

og
en

eo
us

ly
 d

en
se

E
xt

re
m

el
y 

de
ns

e

B
as

ed
 o

n 
in

iti
al

 a
ss

es
sm

en
t

E
st

im
at

e 
(9

5%
 C

I)

C
an

ce
r 

de
te

ct
io

n 
ra

te
, p

er
 1

00
0

2.
6 

(2
.3

, 2
.9

)
4.

1 
(3

.9
, 4

.4
)

4.
4 

(4
.1

, 4
.7

)
3.

8 
(3

.4
, 4

.2
)

In
te

rv
al

 c
an

ce
r 

ra
te

, p
er

 1
00

0
0.

21
 (

0.
14

, 0
.3

0)
0.

44
 (

0.
39

, 0
.4

9)
0.

93
 (

0.
85

, 1
.0

3)
1.

42
 (

1.
23

, 1
.6

3)

Se
ns

iti
vi

ty
, %

92
.6

 (
89

.7
, 9

4.
8)

90
.4

 (
89

.2
, 9

1.
4)

82
.4

 (
80

.8
, 8

4.
0)

72
.6

 (
69

.0
, 7

6.
0)

Sp
ec

if
ic

ity
, %

95
.5

 (
95

.0
, 9

5.
9)

92
.4

 (
91

.6
, 9

3.
1)

90
.1

 (
89

.1
, 9

1.
0)

91
.0

 (
90

.0
, 9

1.
9)

B
as

ed
 o

n 
fi

na
l a

ss
es

sm
en

t
E

st
im

at
e 

(9
5%

 C
I)

C
an

ce
r 

de
te

ct
io

n 
ra

te
, p

er
 1

00
0

2.
6 

(2
.3

, 2
.9

)
4.

1 
(3

.8
, 4

.3
)

4.
3 

(4
.0

, 4
.6

)
3.

6 
(3

.3
, 4

.0
)

In
te

rv
al

 c
an

ce
r 

ra
te

, p
er

 1
00

0
0.

23
 (

0.
17

, 0
.3

3)
0.

49
 (

0.
44

, 0
.5

5)
1.

03
 (

0.
93

, 1
.1

4)
1.

57
 (

1.
38

, 1
.8

0)

Se
ns

iti
vi

ty
, %

91
.7

 (
88

.7
, 9

4.
0)

89
.3

 (
87

.9
, 9

0.
5)

80
.5

 (
78

.6
, 8

2.
3)

69
.6

 (
66

.0
, 7

3.
1)

Sp
ec

if
ic

ity
, %

98
.4

 (
98

.1
, 9

8.
6)

97
.6

 (
97

.3
, 9

7.
9)

96
.9

 (
96

.5
, 9

7.
2)

96
.9

 (
96

.5
, 9

7.
3)

B
I-

R
A

D
S,

 B
re

as
t I

m
ag

in
g 

R
ep

or
tin

g 
an

d 
D

at
a 

Sy
st

em
; C

I,
 c

on
fi

de
nc

e 
in

te
rv

al

Cancer. Author manuscript; available in PMC 2021 July 15.


	Abstract
	PRECIS
	INTRODUCTION
	METHODS
	Study Design and Setting
	Study Participants
	Data Collection
	Key Measures and Definitions
	Statistical Analyses

	RESULTS
	DISCUSSION
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.



