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ministration (FDA) on February 11, 2011 
[3], combined 2D-3D DBT may decrease the 
recall rate and increase the cancer detection 
rate (CDR) for mammographic screening as 
noted in observer performance studies [4–7]. 
Initial European population-based screen-
ing programs documented improvements in 
clinical outcomes for 3D DBT [8, 9]. In the 
United States, Haas et al. [10] recently re-
ported a significant reduction in recall rate 
with 3D DBT screening. From community-
based practice, Rose et al. [11] reported a sig-
nificant increase in the detection of invasive 
cancers and in the positive predictive value 
for screening recalls (PPV1) with 3D DBT 
compared with 2D DM alone.

As early adopters of 3D DBT in communi-
ty-based practice, we aimed to retrospective-
ly compare the clinical performance of 3D 
DBT (combined 2D-3D DM) with conven-
tional 2D DM alone in a high-volume popula-
tion-based breast cancer screening program.
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S
ince the introduction of mam-
mography in the 1960s for the 
detection of breast cancer, breast 
screening technology has ad-

vanced. Recent controversies have focused 
attention on the “overdiagnosis” of clinically 
insignificant lesions, negative impact of 
false-positive recalls from screening, and 
low positive predictive value from biopsy af-
ter abnormal screening. Both film-screen 
mammography and 2D digital mammogra-
phy (DM) are limited for breast cancer 
screening by decreased sensitivity in women 
with dense breasts [1, 2] and by false-positive 
recalls attributed to overlapping normal 
breast tissues. Additionally, dense tissues 
can obscure breast cancers, thereby produc-
ing false-negative results.

The latest technologic advance in mam-
mography—3D digital breast tomosynthe-
sis (DBT)—may provide solutions. First 
approved by the U.S. Food and Drug Ad-
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OBJECTIVE. The objective of our study was to assess the clinical performance of com-
bined 2D-3D digital breast tomosynthesis (DBT), referred to as “3D DBT,” compared with 
2D digital mammography (DM) alone for screening mammography in a community-based 
radiology practice.

MATERIALS AND METHODS. Performance outcomes measures were assessed for 
14 radiologists who interpreted more than 500 screening mammography 3D DBT studies af-
ter the initiation of tomosynthesis. Outcomes from screening mammography during the study 
period between August 9, 2011, and November 30, 2012, using 3D DBT (n = 23,149 patients) 
versus 2D DM (n = 54,684 patients) were compared.

RESULTS. For patients screened with 3D DBT, the relative change in recall rate was 16.1% 
lower than for patients screened with 2D DM (p > 0.0001). The overall cancer detection rate 
(CDR), expressed as number of cancers per 1000 patients screened, was 28.6% greater (p = 0.035) 
for 3D DBT (6.3/1000) compared with 2D DM (4.9/1000). The CDR for invasive cancers with 3D 
DBT (4.6/1000) was 43.8% higher (p = 0.0056) than with 2D DM (3.2/1000). The positive predic-
tive value for recalls from screening (PPV1) was 53.3% greater (p = 0.0003) for 3D DBT (4.6%) 
compared with 2D DM (3.0%). No significant difference in the positive predictive value for bi-
opsy (PPV3) was found for 3D DBT versus 2D DM (22.8% and 23.8%, respectively) (p = 0.696).

CONCLUSION. In community-based radiology practice, mammography screening with 
3D DBT yielded lower recall rates, an increased CDR for cancer overall, and an increased 
CDR for invasive cancer compared with 2D DM. The PPV1 was significantly greater in the 
group screened using 3D DBT.
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Materials and Methods
This retrospective study was performed at a 

multisite community-based radiology practice 
that instituted a DBT program in August 2011. 
We compared screening mammography outcomes 
metrics for 2D DM alone with those of 3D DBT in 
contemporaneous patient cohorts. The study pro-
tocol was approved by Western Institutional Re-
view Board (WIRB), an independent commer-
cial IRB, and was HIPAA compliant. A waiver of 
written informed consent was obtained.

Study Design and Participants
We compared mammography audit and patient 

demographic data for consecutive patients who un-
derwent screening by 2D DM or 3D DBT between 

August 9, 2011, and November 30, 2012. Initially, 
we began to use our tomosynthesis-capable mam-
mography unit on August 9, 2011, in our Potomac, 
MD, office. Subsequently, five additional sites 
(Bethesda, MD; Chevy Chase, MD; Washing-
ton, DC; Fairfax, VA; and Sterling, VA) installed 
DBT units through March 2012. Screening mam-
mograms for all patients were obtained with DM-
capable and DBT-capable equipment (Selenia or 
Selenia Dimensions, Hologic) in both the cranio-
caudal and mediolateral oblique projections.

After receiving written material about 3D DBT 
and a verbal explanation of the technology, all 
screening mammography patients at our Potomac, 
MD, office were offered the option of 3D DBT. 
The first patients who opted for 3D DBT received 

the examination without additional charge until 
December 6, 2011 (1147 patients). Thereafter, 3D 
DBT was offered for an additional $50 fee.

As each office installed tomosynthesis, dur-
ing the 7- to 10-day period of applications train-
ing, 3D DBT was performed without charge 
(1577 patients). Thereafter, a $50 fee was 
charged. If a patient indicated she was unable 
to afford the fee, then tomosynthesis was per-
formed free of charge.

Of 77,833 women screened, 23,149 patients 
(29.7%) opted for 3D DBT and 54,684 patients 
(70.3%) for 2D DM screening. Of our 24 board-
certified radiologists, 10 interpreted relatively 
few (< 500) 3D DBT screening studies. To in-
clude only the relatively consistent readers who 

TABLE 1: Clinical Performance Measures of 2D Digital Mammography (DM) Versus 3D Digital Breast Tomosynthesis 
(DBT) in Community-Based Practice

Measure 2D DM 3D DBT pa

3D DBT – 2D DM Generalized Linear Mixed Modelb

Relative 
Change (%)

Absolute 
Change (%)

2D DM 
Adjusted 
Estimate

3D DBT 
Adjusted 
Estimate p

Change 
Estimate (%)

No. of screening examinations 38,674 20,943

No. of patients recalled 6247 2845

Recall rate (no. of patients recalled 
per 100 patients screened)

16.2 13.6 < 0.0001 –16.05 
(12.40–19.70)

–2.60 
(2.01–3.19)

–15.5 
(13.8–17.5)

–13.4 
(11.9–15.2)

< 0.0001 –13.60 
(9.84–17.21)

No. of patients LTF after recall  
from screening

154 54

PPV1 without LTF cases (%) 3.0 4.6 0.0003 53.33 
(24.05–82.61)

1.60  
(0.72–2.48)

3.0  
(2.6–3.5)

4.6  
(3.9–5.5)

0.0007 51.14 
(20.52–89.53)

PPV1 with LTF cases (%) 3.0 4.5 0.0002 50.00 
(21.25–78.75)

1.50  
(0.64–2.36)

3.0  
(2.6–3.4)

4.5  
(3.8–5.4)

0.0006 51.97 
(21.18–90.59)

No. of biopsies 835 551

Biopsy Rate (no./1000) 21.6 26.3 0.0003 21.76 
(9.69,33.83)

0.47  
(0.21, 0.73)

20.8  
(18.1, 23.9)

 25.1  
(21.6, 29.0)

0.0016 20.39 
(7.77,34.50)

No. of biopsies without cancer 645 420

Noncancer biopsy rate (no. of 
biopsies performed per 1000 
patients screened)

16.7 20.1 0.0032 20.36 
(6.65–34.07)

0.34  
(0.11–0.57)

16.0  
(13.8–18.5)

19.0  
(16.2–22.3)

0.0091 18.77 
(4.62–34.84)

No. of patients with cancerc 190 131

No. of patients after biopsy 
recommendation LTF

48 25

CDR (no. of cancers per 1000 
patients screened)

4.9 6.3 0.0348 28.57 
(2.49–54.65)

0.14  
(0.01–0.27)

4.9  
(4.2–5.7)

6.2  
(5.2–7.5)

0.0409 27.11 
(1.05–59.88)

PPV3 without LTF cases (%) 22.8 23.8 0.6963 4.39  
(–15.6 to 24.36)

1.00  
(–3.55 to 5.55)

22.8  
(20.0–25.9)

23.8  
(20.4–27.7)

0.6615 4.48  
(–14.5 to 27.73)

PPV3 with LTF cases (%) 21.5 22.7 0.6052 5.58  
(–14.7 to 25.88)

1.20  
(–3.16 to 5.56)

21.5  
(18.9–24.5)

22.7  
(19.5–26.6)

0.5833 5.69  
(–13.7 to 29.40)

Note—All data are for radiologists with experience reading more than 500 3D DBT examinations. Values in parentheses are 95% CIs. LTF = lost to follow-up, PPV1 = 
positive predictive value for recalls from screening, CDR = cancer detection rate, PPV3 = positive predictive value for biopsy.

aFisher exact test.
bFor each of the outcome measures, a generalized linear mixed model (PROC Glimmix procedure [SAS software, version 9.3, SAS Institute]) was used to analyze the 
difference between 2D DM and 3D DBT. The link function was specified as LOGIT. The correlation between reads made by the same radiologists was accounted for by 
specifying radiologist as the G-side random effect. The adjusted rates were calculated using the fitted model and their 95% CIs were derived using the delta method. 

cThe 190 2D DM cancers include one patient with Hodgkin lymphoma and one patient with non-Hodgkin lymphoma. The 131 3D DBT cancers include one patient with 
sarcoma. These patients are not included in cancer totals for Table 4.
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had presumably overcome the “learning effects” 
of new technology, we evaluated only the data for 
the 14 radiologists who interpreted more than 500 
3D DBT screening mammography studies during 
the study period. Therefore, 59,617 patients were 
included in two patient cohorts: 38,674 patients 
who underwent 2D DM and 20,943 patients who 
underwent 3D DBT (Fig. 1 and Table 1).

The 14 study group radiologists had previously 
been trained to interpret DM. All had completed 
the required 8-hour tomosynthesis training man-
dated by the Mammography Quality Standards 
Act (MQSA) [12]. They had 2–38 years of postres-
idency or fellowship clinical experience in breast 
imaging (average, 18.6 years). Four of the radiolo-
gists had completed fellowship training in breast 
imaging and 10 had spent at least 75% of their 
clinical practice in breast imaging.

Audit Data and Outcomes Measures
Aggregate mammography audit and patient de-

mographic data were acquired from our MQSA-
compliant radiology information system (RIS) 
(Merge RIS, Merge Healthcare) and mammogra-
phy information system (MIS) (MagView Mam-
mography Information System, MagView). The 
RIS recorded which patients underwent 2D DM 
and which underwent 3D DBT. The MIS provided 
the following information: patient age, breast den-
sity, family history of breast cancer, use of hor-
mones, and whether the study was a baseline study 
or a subsequent mammography study. Cancer di-
agnoses were determined by review of patholo-
gy reports from needle and surgical biopsies and 
from surgical treatment procedures for cancers. 
These reports were obtained as part of our routine 
data acquisition for our MQSA-mandated internal 
audit of mammography outcomes.

Cancer Analysis
For all cancers diagnosed in the two patient co-

horts, we recorded the screening and recall dates, 

biopsy dates with pathology results, and number 
of additional mammographic views for recall ex-
aminations. Biopsy and final surgical pathology 
results were recorded for cancer cases. Surgical 
biopsy results for patients with initial diagnoses of 
atypia or other high-risk lesions based on needle 
biopsy were obtained whenever possible to deter-
mine upgrades to cancer diagnoses. If breast MRI 
or ultrasound were performed for further workup 
of patients with abnormal screening mammogra-
phy findings, then the MRI or ultrasound findings 
resulting in cancer diagnoses were included in the 
CDRs. Cancers diagnosed more than 120 days af-
ter screening mammography were excluded from 
the screening-detected cancer analysis.

Clinical Performance Metrics
Key clinical outcomes measures of recall rates 

from screening mammography, overall CDR (num-
ber of cancers per 1000 patients screened) and 
CDR for invasive cancer and in situ cancer de-
tection, positive predictive value from screening 
(PPV1), positive predictive value for biopsy after 
BI-RADS category 4 or 5 assessment (PPV3), and 
overall and noncancer biopsy rates (number of bi-
opsies performed per 1000 patients screened) were 
calculated for the aggregate 2D DM and 3D DBT 
patient cohorts for radiologists who read more than 
500 3D DBT screening examinations. Positive pre-
dictive values are expressed as percentages.

The recall rate was calculated as the percentage 
of screening patients for whom additional imaging 
was requested (BI-RADS category 0 assessment). 
Technical recalls were included in the study but were 
not calculated in the radiologists’ recall rates. For pa-
tients with multiple cancers, the most severe lesion 
was chosen from the patient’s record (e.g., invasive 
cancer took precedence over in situ cancer) and that 
patient was counted only once in the CDR. Lesions 
upgraded to cancers from initial pathology findings 
of atypia or high-risk lesion were included in the 
CDR and positive predictive value calculations.

Statistical Analysis
Statistical software (SAS, version 9.3, SAS In-

stitute) was used to analyze differences between 
2D DM and 3D DBT patient cohorts for each of 
the outcome measures. The Fisher exact test and a 
generalized linear mixed model were used for all 
analyses except patient age to determine statisti-
cal significance. The Wilcoxon rank sum test was 
used for patient age. A p value of < 0.05 was con-
sidered significant, and all tests were two-sided.

For the generalized linear mixed model, the 
reading radiologist was assumed to be random. 
Proportions from each group and their differences 
after factoring in random radiologist effects were 
taken into account for analyses of outcomes mea-
sures (PROC Glimmix procedure, SAS Institute) 
used to assess differences between 2D DM and 3D 
DBT cohorts. 

Results
Clinical performance measures compar-

ing 3D DBT with 2D DM are summarized 
in Table 1.

Recall From Screening
Of the 38,674 patients screened with 2D 

DM, 6247 were recalled for additional im-
aging, whereas 2845 of 20,943 patients 
screened with 3D DBT were recalled. The 
recall rate for 2D DM was 16.2% and for 
3D DBT, 13.6%. The difference in recall 
rates is a statistically significant relative re-
duction of 16.1% or an absolute reduction 
of 2.6% for screening with 3D DBT versus 
screening with 2D DM alone (p < 0.0001). 
The generalized linear mixed model also 
shows a significant recall reduction (esti-
mate, 13.60%; p < 0.0001).

Biopsy Rates
Eight hundred thirty-five biopsies were per-

formed in the 2D DM cohort compared with 
551 biopsies in the 3D DBT cohort (Table 
1). The overall biopsy rate per 1000  patients 
screened was significantly higher for the 3D 
DBT cohort (26.3/1000, p = 0.0003) com-
pared with 2D DM (21.6/1000) cohort. The 
generalized linear mixed model estimated in-
crease in biopsy rate was 20.39% (p = 0.0016).

The noncancer biopsy rate was also great-
er (p = 0.003) for 3D DBT (20.1/1000) com-
pared with 2D DM (16.7/1000).

Cancer Detection Rates and Positive  
Predictive Values

The 835 biopsies resulted in 190 pa-
tients diagnosed with cancer in the 2D 
DM cohort (Table 1). In the 3D DBT co-

54,684 2D DM
screening studies

23,149 3D DBT
screening studies

77,833 Screening 
mammography studies

38,674 2D DM
screening studies

20,943 3D DBT
screening studies

59,617 Screening studies were read by radiologists who had
interpreted > 500 3D DBT studies during the study period

Fig. 1—Of 77,833 studies, 
there were 23,149 studies in 3D 
digital breast tomosynthesis 
(DBT) cohort and 54,684 in 
2D digital mammography 
(DM) cohort. Only data for 
14 radiologists who had 
interpreted more than 500 3D 
DBT screening studies during 
study period were included, 
leaving 59,617 studies in 
two patient cohorts for 
comparative analysis. 
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hort, the 551 biopsies resulted in 131 pa-
tients diagnosed with cancer. The CDR 
for 2D DM alone was 4.9/1000 and for 3D 
DBT, 6.3/1000. This difference in CDR is 
a statistically significant 28.6% relative in-
crease in CDR for patients screened with 
3D DBT (p = 0.035). The generalized lin-
ear mixed model estimated increase was 
27.11% (p = 0.041).

There was a large significant (p = 0.0003) 
difference in the PPV1 for 3D DBT (4.6%) 
compared with 2D DM (3.0%) screening. 
This difference constitutes a 53.3% relative 
increase in PPV1 for an abnormal finding 
on 3D DBT screening mammography com-
pared with 2D DM screening. The general-
ized linear mixed model–estimated PPV1 in-
crease was 51.14% (p = 0.0007). Thus, the 
likelihood that an abnormal screening ex-
amination will result in a cancer diagnosis 
was greater for the women screened with 3D 
DBT than for those screened with 2D DM.

The PPV3 was similar for the two groups: 
23.8% for 3D DBT and 22.8% for 2D DM, 
with no significant difference (p = 0.696) by 
the Fisher exact test and by the generalized 
linear mixed model analysis (p = 0.662).

Patient Characteristics
The differences between the 2D DM 

and 3D DBT groups are shown in Table 2. 
There was no significant difference in age 
between the 2D DM and 3D DBT cohorts. 
Mean age was 59.5 and 59.6 years for the 2D 
DM and 3D DBT groups, respectively (p = 
0.695). There was no difference in the num-
ber of patients with multiple breast cancers 
(p = 0.39). In both groups, 12 patients had 
multiple breast cancers diagnosed. A com-
parison of the distributions of breast density 
between the two groups showed no signifi-
cant differences (p = 0.081). Likewise, be-
tween the two cancer cohorts, there were no 
significant differences regarding family his-
tory of breast cancer (p = 0.899), history of 
hormone use (p = 0.221), or if the screening 
study was a baseline study or a subsequent 
study (p = 1.000).

Number of Mammographic Views for Recall
An analysis of the frequency distribu-

tions for the number of additional views ob-
tained at recall (Table 2) shows fewer addi-
tional mammographic views were obtained 
for women diagnosed with breast cancer 
who underwent 3D DBT as compared with 
2D DM screening (p < 0.001). For screen-
ing recalls resulting in cancer diagnoses, 

74.1% of 3D DBT patients underwent two or 
fewer mammographic views versus 51.0% 
of 2D DM patients. Additionally, 35.1% of 
patients in the 3D DBT group required no 
additional mammographic views versus 
6.3% in the 2D DM group.

Screening-Detected Cancers
Table 3 shows the grade and histologic 

type of the screening-detected cancers for 
the two patient cohorts. Multiple cancers 
were treated independently in this analysis. 
There were no significant differences in the 

TABLE 2: Patient Characteristics for Cancers Diagnosed by 2D Digital  
Mammography (DM) Versus 3D Digital Breast Tomosynthesis 
(DBT) Screening

Characteristic 2D DM 3D DBT pa

95% CI of Difference 
Between 2D DM and 

3D DBTb

No. of patients with cancer detected 190 131

Age of patients with cancer detected (y) 0.695 −2.57 to 2.34

Mean (SD) 59.5 (11.44) 59.6 (10.31)

Median 58.9 59.1

Minimum 36.2 39.2

Maximum 91.7 82.1

BI-RADS breast density category, no. (%)  
of patients

0.081

1 7 (3.7) 2 (1.5) −1.25 to 5.56

2 71 (37.4) 48 (36.6) −10.0 to 11.47

3 102 (53.7) 80 (61.1) −18.3 to 3.57

4 10 (5.3) 1 (0.8) 0.99–8.01

No. of additional mammographic views, no. 
(%) of patients

< 0.001

0 12 (6.3) 46 (35.1) −37.7 to –19.9

1 5 (2.6) 6 (4.6) −6.19 to 2.29

2 80 (42.1) 45 (34.4) −2.99 to 18.50

3 58 (30.5) 20 (15.3) 6.27–24.25

4 23 (12.1) 11 (8.4) −2.93 to 10.35

5 11 (5.8) 3 (2.3) −0.69 to 7.69

6 1 (0.5) 0 (0.0) −0.50 to 1.56

No. (%) of patients with multiple  
breast cancers

12 (6.3) 12 (9.2) 0.390 −8.87 to 3.19

Family history of breast cancersc, no. (%)  
of patients

0.899 −10.5 to 9.27

Yes 51 (26.8) 36 (27.5)

No 139 (73.2) 95 (72.5)

History of hormone therapyc, no. (%)  
of patients

0.221 −17.1 to 3.70

Yes 54 (28.4) 46 (35.1)

No 136 (71.6) 85 (64.9)

Baseline screeningc, no. (%) of patients 1.000 −3.46 to 3.09

Yes 5 (2.6) 3 (2.3)

No 185 (97.4) 128 (97.7)

Note—All data are for radiologists with experience reading more than 500 3D DBT examinations. 
aThe Wilcoxon rank sum test was used for age, and Fisher exact tests were used for all other categoric variables.
bThe difference was calculated as 2D DM – 3D DBT. A 95% CI of the difference of the means was calculated 

for age.
cThe 95% CIs were calculated for the difference between groups in the percentages of Yes responses.
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distributions of cancer grade (grade 1, 2, or 
3) for invasive cancers detected by 3D DBT 
versus 2D DM (p = 0.607). More low- and 
intermediate-grade in situ cancers were de-
tected by 3D DBT screening (p = 0.045; 95% 
CI, –39.7 to –2.06). More high-grade in situ 
cancers were detected in our 2D DM cohort 
(p = 0.045; 95% CI, 2.06–39.74). There were 
no significant differences in the types (duc-
tal, lobular, or other) of cancers detected by 
3D DBT versus 2D DM (p = 0.255).

Table 4 shows the CDR subanalysis (tab-
ulated by number of patients) for in situ 
and invasive cancers. The CDR for inva-
sive cancer was significantly higher (p = 
0.006) by 43.8% for patients screened with 
3D DBT (4.6/1000) compared with 2D DM 
(3.2/1000) alone. There was no significant 
difference (p = 0.753) between the CDR for 
in situ cancer for 3D DBT (1.6/1000) com-
pared with that of 2D DM (1.7/1000).

Discussion
Implications for Patient Care

Although not the first study of screening 
outcomes in community-based practice [11] 
in the United States comparing 2D DM with 
3D DBT, ours is the largest report (59,617 pa-
tients) to date. Because most American women 
undergo mammography screening in the com-
munity radiology setting, our results may be a 
bellwether for the impact of tomosynthesis on 
population-based breast cancer screening.

With a 16.1% reduction in recall rate from 
screening, a 53.3% increase in PPV1 from an 
abnormal screening examination, a 28.6% in-
crease in the CDR for cancer overall, and a 
43.8% increase in the CDR for invasive can-
cer, standard performance metrics for screen-
ing outcomes show the superiority of 3D DBT 
over 2D DM. The reduction in screening re-
call rate combined with increased detection 
of invasive—but not in situ—cancer is strong 
evidence that effective screening with 3D 
DBT may be achieved with significant perfor-
mance improvement.

Our results show that screening with 3D 
DBT is efficacious and has practical impli-
cations for patient care. A decreased prob-
ability of recall from screening, a higher 
rate of cancer detection, and a greater like-
lihood that fewer mammographic views will 
be needed to diagnose malignant lesions will 
significantly influence everyday practice.

We report a significant 16.1% lower re-
call rate for 3D DBT compared with 2D DM 
for population-based screening in our com-
munity practice, which is exactly the setting 

in which most women in the United States 
undergo screening. Prior observer perfor-
mance studies [4, 7, 13] reported 30–40% 
potential reductions in recall rate. Haas et 
al. [10] similarly showed an almost 30% re-
duction in recall rate in their retrospective 
population-based study in academic prac-
tice. In community practice, with a smaller 
sample size (23,355 screening studies) than 
ours, Rose et al. [11] reported a 36.8% re-
duction in recall rate in a subgroup of ra-
diologists who had read more than 500 to-
mosynthesis studies. Results from our 
community-based practice are more con-
cordant with the 15% recall reduction re-
ported by Skaane et al. [8] in the Oslo pop-
ulation-based screening program.

We observed a significant increase in the 
CDR for cancer overall (28.6%) and, most 
importantly, a 43.8% increase in the CDR for 
invasive cancer for patients screened with 3D 
DBT versus 2D DM. These detection benefits 
were achieved with no significant increase in 
the CDR for in situ cancer for 3D DBT com-
pared with 2D DM (1.6/1000 and 1.7/1000, 
respectively). Our CDRs for 3D DBT are 
comparable to those reported by Rose et al. 
[11] and Skaane et al. [8] but differ from the 
lesser, nonsignificant increase in CDR of 
9.5% reported by Haas et al. [10] in an ac-
ademic setting. Thus, a reduction in screen-
ing recalls can be achieved along with an in-
crease in the detection of invasive, but not in 
situ, cancer. These results imply that effective 

TABLE 3: Type and Grade of Cancers Diagnosed at 2D Digital Mammography 
(DM) Versus 3D Digital Breast Tomosynthesis (DBT) Screening

Cancer Type or Grade 2D DM 3D DBT pa

95% CI of Difference 
Between 2D DM and 

3D DBTb

No. of cancersc 203 144

Type of cancer, no. (%) of cancers 0.027

Invasive 126 (62.1) 106 (73.6) −21.4 to –1.73

In situ 75 (36.9) 37 (25.7) 1.50–21.00

Other 2 (1.0) 1 (0.7)

Grade of cancers, no. (%) of cancers

Invasive 0.607d

T1 microinvasion 4 (3.2) 2 (1.9) −2.72 to 5.30

Grade 1 20 (15.9) 24 (22.6) −17.0 to 3.44

Grade 2 78 (61.9) 61 (57.5) −8.31 to 17.02

Grade 3 22 (17.5) 19 (17.9) −10.3 to 9.40

Unknown 2 (1.6) 0 (0.0)

In situ 0.050

Low 3 (4.0) 5 (13.5) −21.4 to 2.36

Intermediate 32 (42.7) 20 (54.1) −31.0 to 8.19

High 40 (53.3) 12 (32.4) 2.06–39.74

Unknown 0 (0.0) 0 (0.0)

In situ 0.045

Low or intermediate 35 (46.7) 25 (67.6) −39.7 to –2.06

High 40 (53.3) 12 (32.4) 2.06–39.74

Type of invasive cancers 0.255

Ductal 107 (84.9) 82 (77.4) −2.56 to 17.69

Lobular 16 (12.7) 18 (17.0) −13.5 to 4.93

Other 3 (2.4) 6 (5.7)

Note—All data are for radiologists with experience reading more than 500 3D DBT examinations. 
aFisher exact test.
bThe difference was calculated as 2D DM – 3D DBT. A 95% CI was calculated for the difference between the 
groups in the percentages of responses at each level.

cIncludes patients with multiple cancers, thus totals will vary from total patient numbers in Table 1.
dFor cancer grades, unknowns were not included in the analysis for significance. 
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population-based screening with 3D DBT 
in community radiology practice is feasible 
without contributing to false-positive recalls 
or increasing the detection of clinically insig-
nificant noninvasive cancers.

Strengths and Limitations
In our study, the relative increase in 

PPV1 with 3D DBT (53.3%) indicates that 
the likelihood of an abnormal screening 
examination resulting in a cancer diagno-
sis is much greater for women screened by 
3D DBT. The superior CDR for 3D DBT 
compared with 2D DM also illustrates the 
improved efficacy of screening with 3D 
DBT. However, our results also showed that 
once biopsy was recommended, there was 
the same likelihood of a positive result for 
women who underwent 2D DM as for those 
who underwent 3D DBT.

The PPV1 and CDR results are in accord 
with the greater sensitivity and accuracy of 
3D DBT reported in a reader performance 
study by Rafferty et al. [7]. However, the 
higher biopsy rate may be a prevalence effect 
from the utilization of new technology for 
first-round screening. Nevertheless, the ac-
crued advantages for patients screened with 
3D DBT in community radiology practice in-
clude a decreased probability of recall from 
screening and a higher rate of cancer detec-
tion, particularly for invasive cancers.

It is noteworthy that fewer addition-
al mammographic views were obtained at 
recall examination for patients with can-

cer diagnoses after 3D DBT versus 2D DM 
screening. A remarkable 35.1% of 3D DBT 
patients with cancer diagnoses had no addi-
tional mammographic views performed at 
recall. This finding suggests that recall from 
3D DBT screening may result in a more ef-
ficient recall assessment compared with 2D 
DM. Larger studies are needed to assess the 
recall efficiency for all patients who undergo 
3D DBT compared with 2D DM.

The limitations of our study include the 
retrospective and nonrandomized design that 
could introduce selection bias, particular-
ly with regard to the $50 fee charged for 3D 
DBT. However patients who could not afford 
3D DBT were not charged. For a variety of 
reasons (see Study Design and Participants 
section), 11.8% of 3D DBT examinations 
were performed without charge. Additional-
ly, if patients with known risk factors for de-
veloping breast cancer self-selected 3D DBT 
screening, then this could have contributed 
to a higher PPV1 and CDR in this cohort. 
However, analyses of patient age, breast den-
sity, family history, number of patients with 
multiple breast cancers, history of hormone 
use, and baseline screening status showed no 
significant differences between the 2D DM 
and 3D DBT cancer cohorts. As a result, we 
believe neither these risk factors nor the $50 
fee introduced clinically relevant selection 
bias. Furthermore, these factors and fee are 
unlikely to account for the large differenc-
es in outcome performance metrics between 
the two cohorts.

The sequential inclusion of office sites as 
they acquired DBT in our tristate practice 
could have introduced systematic bias; how-
ever, we believe that this possibility is un-
likely given the diverse urban-suburban pop-
ulation we serve across these locales.

The lack of comparison with performance 
metrics for 2D DM outcomes in the peri-
od preceding introduction of 3D DBT may 
also limit our study. Recall rates may have 
changed spuriously because of the novelty or 
uncertainty of new technology. We believe 
that “learning curve” effects were minimized 
by the analysis of screening data for only ex-
perienced radiologists who had interpreted 
more than 500 3D DBT screening studies.

We report recall rates of 16.2% for 2D DM 
and of 13.6% for 3D DBT. The ceiling for rec-
ommended recall rate is no greater than 14% 
[14]. Our 2D DM recall rate is higher than 
14%, and the 3D DBT recall rate is just below 
that benchmark. One recent report showed 
that approximately 30% of 52 facilities had 
recall rates that failed to comply with recom-
mended benchmarks and that most had values 
above the benchmark range [14]. Although we 
acknowledge that our recall rate for 2D DM 
was high, we believe that 3D DBT is helping 
us to achieve more desirable recall rates.

Future Directions
A detailed analysis of the characteristics of 

cancers detected by DBT is a subject for fu-
ture research, including evaluation of lesion 
size, descriptive imaging characteristics of 

TABLE 4: Cancer Detection Rates (CDRs) for In Situ and Invasive Cancers

Characteristic 2D DM 3D DBT pa

3D DBT – 2D DM Generalized Linear Mixed Modelb

Relative  
Change (%)

Absolute  
Change (%)

2D DM  
Adjusted 
Estimate

3D DBT  
Adjusted 
Estimate p

Change  
Estimate (%)

No. of screening  
examinations

38,674 20,943

No. of patients with in  
situ cancer

66 33

CDR for in situ cancers  
(no. of cancers per 1000 
patients screened)

1.7 1.6 0.7528 −5.88  
(–45.8 to 34.08)

−0.01  
(–0.08 to 0.06)

1.7  
(1.3–2.2)

1.6  
(1.1–2.3)

0.6870 −8.32  
(–40.5 to 41.30)

No. of patients with  
invasive cancer

122 97

CDR for invasive cancers 
(no. of cancers per 1000 
patients screened)

3.2 4.6 0.0056 43.75  
(10.14–77.36)

0.14  
(0.03–0.25)

3.2  
(2.6–3.8)

4.6  
(3.8–5.7)

0.0073 46.82 
(11.59–93.18)

Note—All data are for radiologists with experience reading more than 500 3D DBT examinations. Values in parentheses are 95% CIs.
aFisher exact text.
bFor each of the outcome measures, a generalized linear mixed model (PROC Glimmix procedure [SAS software, version 9.3, SAS Institute]) was used to analyze the 

difference between 2D DM and 3D DBT. The link function was specified as LOGIT. The correlation between reads made by the same radiologists was accounted for by 
specifying radiologist as the G-side random effect. The adjusted rates were calculated using the fitted model and their 95% CIs were derived using the delta method.
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malignant lesions, and TNM pathology stag-
ing. Also, analyses stratified by patient age 
and breast density may yield useful informa-
tion concerning which patient subgroups will 
benefit most from 3D DBT screening.

Although the effect of repeat screening 
with 3D DBT (incidence effect) is unknown, 
future investigations will determine wheth-
er interval CDRs are lower for subsequent 
screening rounds with 3D DBT than what we 
have reported.

Our PPV3 (for biopsy) values were essen-
tially the same for the 2D DM and 3D DBT 
cohorts. Surprisingly, both overall and non-
cancer biopsy rates were higher in the 3D 
DBT group. The paradox of a higher PPV1, 
an equivalent PPV3, and a higher biopsy 
rate for 3D DBT may be because first-round 
screening with tomosynthesis may facilitate 
detection not only of small or obscured can-
cers but also of small or obscured benign or 
high-risk lesions such as isodense fibroade-
nomas or distortions due to radial scars. De-
tection of these benign lesions at the outset of 
a 3D DBT screening program may yield an 
initially lower positive predictive value for 
biopsy after screening than would be expect-
ed given the higher positive predictive value 
for screening recall; no similar results have 
been reported previously to date. Whether 
3D DBT yields more diagnoses of atypia or 
other high-risk or nonobligate precursor le-
sions, such as radial scars, will be the subject 
of future investigation.

Conclusion
Three-dimensional DBT showed signif-

icantly improved performance metrics for 
breast cancer screening when compared with 
2D DM in community radiology practice. 

Population-based screening with 3D DBT re-
sults in the detection of more breast cancers, 
especially invasive cancers, and reduces the 
recall rate from screening.
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