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IMPORTANCE Breast cancer screening examinations using digital breast tomosynthesis (DBT)
has been shown to be associated with decreased false-positive test results and increased
breast cancer detection compared with digital mammography (DM). Little is known regarding
the size and stage of breast cancer types detected and their association with age and breast
density.

OBJECTIVE To determine whether screening examinations using DBT detect breast cancers
that are associated with an improved prognosis and to compare the detection rates by
patient age and breast density.

DESIGN, SETTING, AND PARTICIPANTS This retrospective analysis of prospective cohort data
from 3 research centers in the Population-based Research Optimizing Screening Through
Personalized Regimens (PROSPR) consortium included data of women aged 40 to 74 years
who underwent screening examinations using DM and DBT from January 1, 2011, through
September 30, 2014. Statistical analysis was performed from November 8, 2017, to
August 14, 2018.

EXPOSURES Use of DBT as a supplement to DM at breast cancer screening examination.

MAIN OUTCOMES AND MEASURES Recall rate, cancer detection rate, positive predictive value,
biopsy rate, and distribution of invasive cancer subtypes.

RESULTS Among 96 269 women (mean [SD] patient age for all examinations, 55.9 [9.0]
years), patient age was 56.4 (9.0) years for DM and 54.6 (8.9) years for DBT. Of 180 340
breast cancer screening examinations, 129 369 examinations (71.7%) used DM and 50 971
examinations (28.3%) used DBT. Screening examination with DBT (73 of 99 women [73.7%])
was associated with the detection of smaller, more often node-negative, HER2–negative,
invasive cancers compared with DM (276 of 422 women [65.4%]). Screening examination
with DBT was also associated with lower recall (odds ratio, 0.64; 95% CI, 0.57-0.72; P < .001)
and higher cancer detection (odds ratio, 1.41; 95% CI, 1.05-1.89; P = .02) compared with DM
for all age groups even when stratified by breast density. The largest increase in cancer
detection rate and the greatest shift toward smaller, node-negative invasive cancers detected
with DBT was for women aged 40 to 49 years. For women aged 40 to 49 years with
nondense breasts, the cancer detection rate for examinations using DBT was 1.70 per 1000
women higher compared with the rate using DM; for women with dense breasts, the cancer
detection rate was 2.27 per 1000 women higher for DBT. For these younger women,
screening with DBT was associated with only 7 of 28 breast cancers (25.0%) categorized as
poor prognosis compared with 19 of 47 breast cancers (40.4%) when screening with DM.

CONCLUSIONS AND RELEVANCE The findings suggest that screening with DBT is associated
with increased specificity and an increased proportion of breast cancers detected with better
prognosis compared with DM. In the subgroup of women aged 40 to 49 years, routine DBT
screening may have a favorable risk-benefit ratio.

JAMA Oncol. 2019;5(5):635-642. doi:10.1001/jamaoncol.2018.7078
Published online February 28, 2019.

Invited Commentary
page 642

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: A list of the
Population-Based Research to
Optimize the Screening Process
(PROSPR) investigators and
contributing research staff is
provided at the end of the article.

Corresponding Author: Emily F.
Conant, MD, Department of
Radiology, Perelman School of
Medicine, University of Pennsylvania,
3400 Spruce St, Philadelphia, PA
19104-4283 (emily.conant@uphs.
upenn.edu.)

Research

JAMA Oncology | Original Investigation

(Reprinted) 635

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.7078&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.7078
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.7056&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.7078
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.7078&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.7078
mailto:emily.conant@uphs.upenn.edu
mailto:emily.conant@uphs.upenn.edu


D igital breast tomosynthesis (DBT) is often considered
the new, better mammogram based on observed in-
creases in specificity and breast cancer detection com-

pared with digital mammography (DM) alone.1,2 However, most
of the published studies about DBT, whether from prospec-
tive trials or observational studies,3-5 use data from first- or
prevalent-round screening rather than incident-round screen-
ing in which breast cancer detection and recall rates are ex-
pected to be lower. In addition, only some of the studies con-
tain patient-level data such as age and breast density,6-11 and
even fewer contain information about molecular subtypes for
both screen-detected and interval cancers.11-16 Studies includ-
ing molecular subtypes are limited but suggest that breast can-
cers detected by DBT are smaller, less aggressive estrogen re-
ceptor–positive cancers compared with cancers detected by
DM.15,16 Patient-level factors and tumor subtype data coupled
with screening performance and outcome metrics are neces-
sary to estimate the long-term outcomes of DBT, especially for
women aged 40 to 49 years, for whom routine screening re-
mains controversial. These data incorporated into simulation
modeling approaches, such as those used by the Cancer Inter-
vention and Surveillance Modeling Network consortium,17 will
allow population-level estimates of both long-term out-
comes and cost-effectiveness of DBT screening.

As a complement to observational studies that may be in-
fluenced by different underlying risk profiles for women re-
ceiving DBT rather than DM, the National Cancer Institute–
funded Tomosynthesis Mammographic Imaging Screening
Trial (TMIST) began accruing patients in July 2017. This trial
will compare screening examination outcomes during a
4.5-year period from approximately 165 000 women aged 45
to 74 years who are randomly assigned to either DM or DBT.18

Rather than comparing only the traditional outcome mea-
sures of breast cancer detection, the primary aim of TMIST is
a comparison of the number of advanced cancers in each arm
of the screening trial. The hypothesis is that screening with DBT
will eventually decrease the number of advanced cancers com-
pared with DM. Data on patient age, cancer risk, and breast den-
sity, as well as genomic analyses of screen-detected and
interval cancers in the TMIST, will hopefully aid in the devel-
opment of new, more personalized algorithms for breast can-
cer screening.19

The objectives of our study were to compare outcomes of
breast cancer screening examinations with DM vs DBT and
to assess whether these outcomes vary by age and breast
density. For breast cancers detected from screening, we also
evaluated cancer characteristics according to TMIST defini-
tions. These data are also being used by the Cancer Interven-
tion and Surveillance Modeling Network to model and proj-
ect population-level DBT screening examination outcomes and
cost-effectiveness.

Methods
Study Setting
This study was conducted as part of the National Cancer In-
stitute–funded Population-based Research Optimizing Screen-

ing Through Personalized Regimens (PROSPR) consortium. The
overall aim of PROSPR is to conduct multisite, transdisci-
plinary research to evaluate and improve cancer screening pro-
cesses. This study included 3 PROSPR research centers evalu-
ating breast cancer screening examinations—University of
Pennsylvania, Philadelphia, an integrated health care deliv-
ery system; University of Vermont, Burlington, a statewide
breast cancer surveillance system; and Geisel School of Medi-
cine at Dartmouth and the Dartmouth-Hitchcock Health Sys-
tem, Lebanon, New Hampshire, in conjunction with Brigham
and Women’s Hospital, Boston, Massachusetts. The institu-
tional review boards at each research center and the PROSPR
Statistical Coordinating Center waived individual consent for
deidentified data and approved all activities.

Data Collection
Data from the 3 centers were pooled in the PROSPR central re-
pository; a full description of the data collection processes has
been previously reported.9 Screening examination data from
women aged 40 to 74 years with no known history of breast
cancer were included from January 1, 2011, through Septem-
ber 30, 2014. The precise period varied by research center be-
cause this was a period of transition from routine DM to DBT
use for some of the facilities. All breast examinations were bi-
lateral with an indication of screening, and the women had no
other breast imaging within 3 months before the initial (in-
dex) screening. All DBT examinations were performed with the
same type of equipment (Selenia Dimensions, Hologic), but DM
equipment varied by site and was not recorded. Any subse-
quent diagnostic imaging or short-term follow-up assess-
ments were included as part of the screening episode starting
from index screening. To ensure that radiologists (E.F.C. and
S.D.H.) had experience with both modalities, we included only
examinations interpreted by radiologists who had inter-
preted at least 50 screening examinations of each type (DM and
DBT). We excluded examinations that did not record breast
density. From 96 269 women, a total of 50 971 DBT and 129 369

Key Points
Question Is breast cancer screening with digital breast
tomosynthesis (DBT) associated with improved cancer detection
rates across all age and breast density groups compared with
digital mammography, and are cancer types detected with DBT
different from those detected by digital mammography alone?

Findings In this cohort study of 50 971 breast cancer screening
examinations using DBT and 129 369 screening examinations
using digital mammography, DBT was associated with increased
specificity and increased cancer detection across all age and breast
density groups. Invasive cancers detected by DBT were more likely
to be smaller and node negative compared with cancers detected
by digital mammography, particularly in women aged 40 to 49
years.

Meaning The findings suggest that screening examinations using
DBT detect smaller, node-negative invasive cancers compared
with digital mammography, especially among women aged 40 to
49 years; routine mammographic screening may have a favorable
risk-benefit ratio for this age group.
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DM screening examinations met these criteria (43 845 women
contributed 1 examination, 27 156 women contributed 2 ex-
aminations, and 25 268 women contributed 3 or more exami-
nations). In all, 47 radiologists interpreted the examinations
with a mean of 3837 screenings per reader (range, 211-16 386
screenings per reader). Breast density was reported using the
fourth edition Breast Imaging Reporting and Data System
(BI-RADS)20 density categories (1, almost entirely fat; 2, scat-
tered fibroglandular densities; 3, heterogeneously dense; and
4, extremely dense) and were collapsed into nondense (1 or 2)
and dense (3 or 4). A first examination was defined as the first
known screening examination for a woman with no previous
breast imaging records available in PROSPR data and no self-
report of previous breast imaging. All other examinations were
considered to be subsequent examinations. Information about
benign biopsy results was obtained from pathology reports and
electronic medical records. Breast cancer clinical or patho-
logic characteristics were ascertained from pathology reports
or from cancer registries covering the geographic location of
the facilities and the patients.

Outcome Measures
We evaluated recall rate from all screening mammograms using
a definition of a positive examination as BI-RADS initial as-
sessment category 0, 3, 4, or 5. All other outcome measures
were restricted to 126 906 screening mammograms with 1 year
of follow-up (101 973 DM and 24 933 DBT) to assess all cancer
outcomes. The following outcomes used all screenings with
1-year follow-up as the denominator: (1) biopsy rate per 1000
examinations (number of examinations with biopsies within
1 year); (2) cancer rate per 1000 examinations (number of ex-
aminations with cancer diagnosed within 1 year of index
screening); and (3) cancer detection rate per 1000 examina-
tions (number of positive screening results with a diagnosis of
cancer within 1 year). False-negative rate was not calculated
because of limited sample size. We evaluated sensitivity and
specificity using standard definitions.20 Positive predictive
value–1 was defined as the number of examinations with can-
cer detected among those with positive screenings, and posi-
tive predictive value–3 was defined as the number of exami-
nations with cancer detected among those with biopsies
performed. Cancers were classified as invasive or ductal car-
cinoma in situ based on cancer registry data. Invasive disease
was further classified by hormone receptor status (positive or
negative), HER2 status (positive or negative), nodal status (posi-
tive or negative), tumor size (<1 cm, 1-2 cm, or >2 cm), and tu-
mor grade (1-3). Poor prognosis cancers (called advanced in
TMIST) were defined as those with any of the following: me-
tastases, positive nodes and/or invasive tumor size greater than
or equal to 2 cm and/or estrogen receptor–negative and pro-
gesterone receptor–negative and/or HER2-positive tissue equal
to 1 cm or larger.

Statistical Analysis
Statistical analysis was performed from November 8, 2017, to
August 14, 2018. We calculated estimates of outcomes by age,
breast density, and first vs subsequent examination by mam-
mogram screening type (DM vs DBT). We also considered the

statistical significance of mammogram screening type in a
model of each outcome adjusting for the 3 research centers,
breast density, and age group. Thus, known sources of varia-
tion were controlled for before assessing the association of
screening modality. For recall, we adjusted for first vs subse-
quent mammogram examination, but data were too sparse to
include this term in models of true-positive and false-
negative outcomes. Testing was done by logistic regression
using a generalized estimating equation approach adjusting for
clustering by radiologists within each research center. We used
standard logistic regression to estimate odds ratios (ORs) and
95% CIs for comparing breast cancer features because clus-
tering by the radiologist was unlikely. For all analyses, SAS, ver-
sion 9.4 (SAS Institute Inc) was used, and 2-sided α = .05 was
used for statistical significance.

Results
In a previous report,9 demographic characteristics of the popu-
lation screened were shown. A description of important char-
acteristics of women being screened by each modality are de-
scribed in eTable 1 in the Supplement. Among 96 269 women,
the mean (SD) patient age was 55.9 (9.0) years for all exami-
nations; patient age was 56.4 (9.0) years for DM and was 54.6
(8.9) years for DBT. Of 180 340 examinations, 129 369 exami-
nations used DM (71.7%) and 50 971 examinations used DBT
(28.3%). In this population, use of DBT was slightly more com-
mon among younger women, women with dense breasts, and
those undergoing their first screening. These factors were ad-
justed when comparing the 2 modalities.

Consistently, younger women, women with dense breasts,
and those at first screening had higher recall, but recall was
lower for DBT compared with DM (Table 1). The original un-
adjusted rates are shown in Table 1 and Table 2. The general-
ized estimating equation analysis confirmed the lower recall
rate for DBT (OR, 0.64; 95% CI, 0.57-0.72; P < .001) after ad-
justment for age group, breast density, first or subsequent
screening, and research center. This pattern remained within
every age group with similar ORs across age groups. Screen-
ing examinations among women with nondense breasts had
lower recall for DBT vs DM (OR, 0.62; 95% CI, 0.54-0.72;
P < .001), as did those among women with dense breasts (OR,
0.65; 95% CI, 0.58-0.73; P < .001).

The breast cancer detection rates were higher with DBT
compared with DM (OR, 1.41; 95% CI, 1.05-1.89; P = .02) for all
age groups. For women aged 40 to 49 years with nondense
breasts, the cancer detection rate for examinations using DBT
was 1.70 per 1000 women higher compared with the rate using
DM; for women with dense breasts, the cancer detection rate
was 2.27 per 1000 women higher for DBT. Use of DBT was as-
sociated with lower recall but also with higher cancer detec-
tion across all age groups. When stratified by women with non-
dense and dense breasts, the same pattern was observed
(Table 2). For example, for subsequent examinations of non-
dense breasts, recall was consistently lower for DBT (ages 40-49
years [9.0%], 50-64 years [6.3%], and 65-74 years [5.5%]) than
DM (40-49 y [12.8%], 50-64 y [8.8%], and 65-74 y [7.8%]).
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A similar pattern of consistently lower recall was observed for
subsequent examinations of dense breasts (DBT: 40-49 y
[11.7%], 50-64 y [8.6%], and 65-74 y [6.8%]; DM: 40-49 y
[15.9%], 50-64 y [10.6%], and 65-74 y [9.2%]). Breast cancer
detection rates (per 1000 examinations) were higher for non-
dense breasts screened with DBT (40-49 y [4.41], 50-64 y
[4.03], and 65-74 y [9.64]) than DM (40-49 y [2.71], 50-64 y

[3.68], and 65-74 y [6.75]). For dense breasts, the rates were
similarly higher for DBT (40-49 y [5.20], 50-64 y [7.59], and
65-74 y [9.58]) than DM (40-49 y [2.93], 50-64 y [5.51], and
65-74 y [7.63]).

Overall breast cancer rates were higher in the population
screened with DBT (OR, 1.47; 95% CI, 1.12-1.94; P = .01) com-
pared with those screened with DM. This association was great-

Table 1. Recall Rates by Age, Breast Density, First and Subsequent Mammography Screening, and Mammography Typea

Mammography Type,
Age Overall

Recall Rate, % (No. of Mammography Screening Examinations)

First Screening Examination Subsequent Screening Examination

Overall Nondense Breasts Dense Breasts Overall Nondense Breasts Dense Breasts
Digital mammographyb

40-49 y 16.3 28.5 28.5 (2228) 28.6 (2396) 14.4 12.8 (14 417) 15.9 (14 043)

50-64 y 9.8 20.1 17.8 (2049) 24.7 (1069) 9.3 8.8 (44 696) 10.6 (20 417)

65-74 y 8.4 16.3 16.5 (735) 16.0 (257) 8.1 7.8 (21 150) 9.2 (5912)

Total breast
tomosynthesisb

40-49 y 11.7 17.1 15.9 (1617) 18.5 (1604) 14.4 9.0 (6410) 11.7 (7133)

50-64 y 7.6 14.8 15.8 (967) 13.1 (578) 7.1 6.3 (15 534) 8.6 (8718)

65-74 y 6.2 13.9 12.4 (298) 17.5 (120) 5.8 5.5 (6013) 6.8 (1917)
a Breast density was based on fourth edition Breast Imaging Reporting and Data

System (BI-RADS)20 categories (1, almost entirely fat; 2, scattered
fibroglandular densities; 3, heterogeneously dense; and 4, extremely dense)
collapsed into nondense (BI-RADS 1 or 2) and dense (BI-RADS 3 or 4).

b The overall recall rate for digital mammography was 11.2% and for digital
breast tomosynthesis was 8.7%.

Table 2. Outcomes by Age, Breast Density, and Mammography Typea

Mammography
Type, Age, Breast
Density

Patients With
1 y of
Follow-up, No.

Biopsy Rate,
Per 1000
Examinations

Cancers,
No.

Cancer Rate,
per 1000
Examinations

Cancer
Detection Rate,
per 1000
Examinations

Sensitivity,
%

Specificity,
%

Positive
Predictive
Value–1, %b

Positive
Predictive
Value–3, %b

Digital Mammography

40-49 y

Nondense 13 634 17.68 39 2.86 2.71 94.9 84.9 1.78 15.35

Dense 13 655 29.00 51 3.73 2.93 78.4 82.3 1.64 11.62

50-64 y

Nondense 36 729 14.40 146 3.98 3.68 92.5 91.1 3.97 26.47

Dense 17 065 21.68 100 5.86 5.51 94.0 89.1 4.82 26.49

65-74 y

Nondense 16 301 16.99 116 7.12 6.75 94.8 92.2 8.03 41.16

Dense 4589 26.15 41 8.93 7.63 85.4 90.6 7.53 33.33

All 101 973 18.96 493 4.83 4.42 91.5 88.9 3.85 24.57

Digital Breast Tomosynthesis

40-49 y

Nondense 4305 28.34 19 4.41 4.41 100 89.6 4.09 15.57

Dense 4037 35.42 28 6.94 5.20 75.0 86.0 3.60 19.58

50-64 y

Nondense 8194 23.92 35 4.27 4.03 94.3 93.2 5.61 17.35

Dense 4345 28.31 36 8.29 7.59 91.7 94.4 8.25 27.64

65-74 y

Nondense 3113 27.95 33 10.60 9.64 90.9 94.4 14.78 36.78

Dense 939 30.88 9 9.58 9.58 100 93.9 13.64 31.03

All 24 933 28.08 160 6.42 5.82 90.6 91.3 6.29 22.29
a Breast density was based on fourth edition Breast Imaging Reporting and Data

System (BI-RADS)20 categories (1, almost entirely fat; 2, scattered
fibroglandular densities; 3, heterogeneously dense; and 4, extremely dense)
collapsed into nondense (BI-RADS 1 or 2) and dense (BI-RADS 3 or 4).

b Positive predictive value–1 was defined as the number of examinations with
cancer detected among those with positive screenings, and positive predictive
value–3 was defined as the number of examinations with cancer detected
among those with biopsies performed.
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est among women aged 40 to 49 years, with higher cancer rates
among women screened with DBT vs DM (OR, 1.70; 95% CI,
1.04-2.77; P = .03). In the 2 older age groups, overall cancer rates
were more modestly increased for patients screened with DBT
vs DM, but the differences were not statistically significant
(50-64 years: OR, 1.33 [95% CI, 0.83-2.12], P = .23; 65-74 years:
OR, 1.55 [95% CI, 0.87-2.74], P = .14). Among women with non-
dense breasts, those screened with DBT had higher cancer rates
vs those screened with DM (OR, 1.55; 95% CI, 1.05-2.27; P = .03);
a smaller difference was observed among women with dense
breasts and was not statistically significant (OR, 1.39; 95% CI,
0.98-1.97; P = .06).

Because sensitivity was computed for cancer cases and
specificity was computed for noncancer cases and although
breast cancer detection rates for DBT were higher, sensitivity
overall was slightly higher for DM (91.5% vs 90.6%); how-
ever, after adjustment for age and breast density, there was no
significant difference (OR, 0.69; 95% CI, 0.38-1.24; P = .21).
Screening examinations with DBT were associated with higher
specificity (OR, 1.46; 95% CI, 1.30-165; P < .001) after adjust-
ment for research center, age group, and breast density; DBT
was similarly associated with higher specificity in every age
group and at each level of breast density (all P < .001).

Positive predictive value–1 was greater for DBT than for DM
(OR, 2.00; 95% CI, 1.47-2.72; P < .001), and positive predic-
tive value–3 was nonsignificantly elevated favoring DBT (OR,
1.33; 95% CI, 0.99-1.78; P = .06) after adjustment for age, breast
density, and research center (Table 2). In the entire popula-
tion, the likelihood of women requiring a biopsy was in-
creased for DBT (OR, 1.23; 95% CI, 1.08-1.40; P = .002) after
adjustment for age group, breast density, and health system
(Table 2). This finding differed little within each age group, al-
though the difference was no longer significant because of
smaller sample sizes. The increased biopsy rate with DBT was
comparable among women with nondense breasts (OR, 1.29;
95% CI, 1.05-1.58; P = .01) and women with dense breasts (OR,
1.17; 95% CI, 1.00-1.37; P = .06).

Examination with DBT was associated with a higher pro-
portion of screening-detected invasive breast cancers that were
1 cm or smaller and node negative (73 of 99 [73.7%]) com-
pared with DM (276 of 422 [65.4%]) (eTable 2 in the Supple-
ment). In addition, screening examinations using DM were as-
sociated with a higher frequency of cancers considered to have
a poorer prognosis than those using DBT based on TMIST cri-
teria (OR, 2.28; 95% CI, 1.15-4.52; P = .02). Among women aged
40 to 49 years, breast cancers detected by DBT were less of-
ten classified as advanced cancers by TMIST criteria com-
pared with cancers detected by DM (7 of 28 [25.0%] vs 19 of
47 [40.4%]), although the difference was not statistically
significant (P = .17).

Discussion
The controversy about routine mammographic screening ex-
aminations centers around the risk-benefit balance of the pro-
cedure. A screening examination that minimizes false-
positive results while maintaining or even increasing the

detection of clinically significant breast cancers compared with
conventional 2-dimensional mammography may have a favor-
able risk-benefit ratio. Our results supported the evolving lit-
erature showing that screening with DBT simultaneously im-
proves breast cancer detection while reducing false-positive
recalls.1-8 Of importance, reductions in recalls for DBT were sig-
nificant across all age groups and breast density categories in
our study.

The ongoing controversy surrounding the age at which to
begin routine mammographic screening is driven in part by the
lower incidence of breast cancer and the lower detection rate
(often because of increased breast density) in younger women.
McCarthy et al,6 in a subgroup analysis of data presented here,
showed that mammographic screening using DBT resulted in
significant reductions in recalls across all age groups; how-
ever, the largest reduction for women aged 40 to 49 years was
coupled with a statistically significant increase in cancer de-
tection. This combination of recall reduction and increased can-
cer detection has been shown previously, even when correct-
ing for the association of breast density with age.21

When recall and cancer detection rates were plotted by age
and breast density, the outcomes for women aged 40 to 49
years who were screened with DBT shifted toward the out-
comes for women aged 50 to 59 years who were screened with
DM (Figure 1A and B). Although the cancer detection rate was
higher among women aged 40 to 49 years who were screened
with DBT (4.8 per 1000 screenings) compared with women
aged 50 to 59 years who were screened with DM (4.3 per 1000
screenings), the recall rate in this younger DBT cohort was
higher than the recall rate in the older DM cohort. The higher
recall and cancer detection rate in the younger women were
probably attributable to more younger women undergoing
baseline screening examinations, in which both recall and can-
cer detection is expected to be higher.22 This shift in the risk-
benefit balance of outcomes with DBT for women aged 40 to
49 years with outcomes considered to be acceptable for DM
for women aged 50 to 59 years by systematic reviews (eg, US
Preventive Services Task Force) is compelling evidence to sup-
port reconsideration of routine mammographic screening with
DBT for these younger women. A similar shift in the com-
bined gains of outcomes was seen when results were plotted
by dense and nondense breasts (Figure). Further research is
needed to confirm these results in other study populations, par-
ticularly to assess whether the increased cancer detection rate
of DBT persists during multiple rounds of screening.

The higher sensitivity of screening examinations using DM
compared with using DBT in our data was counterintuitive be-
cause the cancer detection rate for DBT was higher in all age
groups. This finding may have been attributable to the increas-
ing use of supplemental screening examinations with ultraso-
nography or magnetic resonance imaging during the study pe-
riod and more supplemental screening occurring during the later
period of DBT. It is also possible that women undergoing screen-
ing examination with DBT were more likely to have elevated can-
cer risk compared with women undergoing screening exami-
nation with DM. Unfortunately, detailed information about
family history of breast cancer, BRCA mutation status, and other
risk factors were not available for the full cohort.
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In our analysis, the incorporation of outcomes was based
on cancer prognosis categories as defined by TMIST.18 As breast
cancer detection continues to improve with new screening mo-
dalities, there is an emphasis on detecting cancers consid-
ered to be of poorer prognosis because these cancers may be
treated before there is an opportunity to metastasize and po-
tentially become lethal.19 A few studies15,16 have suggested that
cancers detected by DBT tend to be smaller, less aggressive can-
cers with better prognosis than those detected by DM. Our data
showed that cancers detected by DBT overall were smaller, less
often node positive, and less often HER-2 enriched (all fac-
tors associated with poor prognosis) than cancers detected by
DM. A study has previously shown23 that among women di-
agnosed with breast cancer after negative mammogram re-
sults, younger age was most strongly associated with cancers
of poor prognosis. In our subgroup analysis among women aged
40 to 49 years, screening with DBT was associated with only
25.0% of cancers being categorized as advanced cancers com-
pared with 40.4% of cancers detected by DM. Although the
smaller number of cancers with poor prognosis detected with
DBT may have been the result of a stage shift attributed to ear-
lier detection, it is unclear whether these lower-grade can-
cers with better prognosis might have become clinically sig-
nificant before the next few screenings if screening had been
with DM. However, the difference in cancer with poor prog-
nosis detected by DBT compared with DM in women aged 40
to 49 years was larger than in any other age group. When
coupled with the reduction in recall and the increased overall
detection of cancer, our data further support the consider-
ation of routine screening using DBT in this age group. The ran-
domized design of TMIST will provide further insight into the
biologic nature and long-term outcomes for both DM and DBT
with fewer concerns regarding differential underlying risk in
the women screened by different modalities.

Limitations
Several limitations should be considered when interpreting our
findings. All data came from health care systems in the north-
eastern United States. Minority and Hispanic women were un-
derrepresented, and most women had health insurance. Each
PROSPR site adopted and implemented DBT at different times
and rates, and consequently, the radiologists may differ in ex-
perience with DBT. However, unlike many of the published
studies6-8,10,11,15,16 about screening examination outcomes of
DBT, our study was multi-institutional and included all screen-
ing mammograms meeting the requirements. Although our
data included the important patient-level characteristics of age,
breast density, and first or subsequent screening, we did not
have complete breast cancer risk assessment data for analy-
sis. In addition, although we had tumor registry data includ-
ing size, cancer stage, receptor type, and nodal status, the num-
ber of cancers was small; thus, assessment for statistical
significance was limited in subgroup analyses, including false-
negative results.

Conclusions
In our study, across multiple, diverse research centers in the
northeastern United States, DBT was associated with an im-
provement in specificity across all age and breast density
groups and an increase in the proportion of breast cancers
found that were smaller and less often node positive. These
smaller-sized cancers, which may not have de-differentiated
into more aggressive subtypes, are expected to be associated
with a better long-term prognosis. These findings suggest that,
in the subgroup of women aged 40 to 49 years, routine mam-
mographic screening may be associated with a favorable risk-
benefit ratio.

Figure. Comparison of Recalls and Cancer Detection Rates Between Digital Mammography and Digital Breast Tomosynthesis Overall
and for Nondense Breasts and Dense Breasts by Age Group and Modality
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Invited Commentary

Breast Cancer Screening Using Digital Breast Tomosynthesis
Not All Mammography Is Equal
Manisha Bahl, MD, MPH; Constance D. Lehman, MD, PhD

Digital breast tomosynthesis (DBT), a form of mammogra-
phy approved by the US Food and Drug Administration in 2011,
involves the acquisition of projection images that are recon-
structed into thin sections of the breast. Despite emerging evi-

dence that use of DBT im-
proves cancer detection and
reduces false-positive exami-

nation results when compared with 2-dimensional digital mam-
mography (DM), questions remain regarding its performance
across different patient subgroups, the size and stage of the can-
cers detected, and long-term patient outcomes. In this issue of
JAMA Oncology, Conant and colleagues1 report outcomes of
breast cancer screening using DBT vs DM among 96 269 women
aged 40 to 74 years across 3 research centers in the Population-
Based Research Optimizing Screening Through Personalized
Regimens (PROSPR) consortium. Based on data from 50 971
screening examinations using DBT and 129 369 screening ex-
aminations using DM, the authors conclude that DBT screen-
ing was associated with higher cancer detection rates and lower

recall rates across all ages and density groups. In addition, the
authors report that DBT-detected cancers were more likely to
be smaller and node negative than were DM-detected cancers,
particularly among women aged 40 to 49 years.

As technology for screening mammography advances, we
are charged with the tasks of careful evaluation, adjustment
of recommendations as necessary, and development of regi-
mens that are tailored to the individual patient. The findings
from this large multi-institutional trial are thus an important
contribution to the existing body of literature that measures
the screening performance of DBT.2,3 The advantage of DBT
results from a simultaneous increase in cancer detection rates
and a reduction in recall rates for women who undergo screen-
ing examinations. In particular, Conant and colleagues1 high-
light the benefits of DBT among women aged 40 to 49 years,
for whom controversy exists regarding the efficacy of screen-
ing mammography. The Society of Breast Imaging and the
American College of Radiology recommend that screening
mammography begin at age 40 years,4 while the American Can-
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