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Purpose: To examine the outcomes of a breast cancer screening pro-
gram based on digital breast tomosynthesis (DBT) plus syn-
thesized two-dimensional (2D) mammography compared 
with those after full-field digital mammography (FFDM).

Materials and 
Methods:

This prospective study included 16 666 asymptomatic 
women aged 50–69 years who were recruited in April 
2015 through March 2016 for DBT plus synthetic 2D 
screening in the Verona screening program. A compari-
son cohort of women screened with FFDM (n = 14 423) 
in the previous year was included. Screening detection 
measures for the two groups were compared by calculat-
ing the proportions associated with each outcome, and 
the relative rates (RRs) were estimated with multivariate 
logistic regression.

Results: Cancer detection rate (CDR) for DBT plus synthetic 2D 
imaging was 9.30 per 1000 screening examinations versus 
5.41 per 1000 screening examinations with FFDM (RR, 
1.72; 95% confidence interval [CI]: 1.30, 2.29). CDR was 
significantly higher in patients screened with DBT plus 
synthetic 2D imaging than in those screened with FFDM 
among women classified as having low breast density (RR, 
1.53; 95% CI: 1.13, 2.10) or high breast density (RR, 
2.86; 95% CI: 1.42, 6.25). The positive predictive value 
(PPV) for recall was almost doubled with DBT plus syn-
thetic 2D imaging: 23.3% versus 12.9% of recalled pa-
tients who were screened with FFDM (RR, 1.81; 95% CI: 
1.34, 2.47). The recall rate was similar between groups 
(RR, 0.95; 95% CI: 0.84, 1.06), whereas the recall rate 
with invasive assessment was higher for DBT plus syn-
thetic 2D imaging than for FFDM (RR, 1.93; 95% CI: 
1.31, 2.03). The mean number of screening studies in-
terpreted per hour was significantly lower for screen-
ing examinations performed with DBT plus synthetic 2D 
imaging (38.5 screens per hour) than with FFDM (60 
screens per hour) (P , .001).

Conclusion: DBT plus synthetic 2D imaging increases CDRs with recall 
rates comparable to those of FFDM. DBT plus synthetic 
2D imaging increased image reading time and the time 
needed for invasive assessments.
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detection of significantly more breast 
cancers than FFDM but increased the 
percentage of false-positive recalls.

We report the outcomes of a breast 
cancer screening program based on 
DBT plus synthetic 2D compared with 
FFDM screening.

Materials and Methods

Study Setup and Patients
The study was granted institutional 
ethics approval. From April 1, 2015 
to March 31, 2016, we prospectively 
recruited asymptomatic women (age 
range, 50–69 years) who participated in 
the Breast Cancer Screening Program in 
Verona, Italy. In Italy, the Breast Cancer 
Screening Program invites asymptom-
atic women (age range, 50–69 years) 
by letter to undergo screening with 
FFDM and provides population-based 
biennial breast screening in accordance 
with European screening standards 
(11). Screening examinations include 

with substantially improved breast can-
cer detection rates (CDRs) (3,4,6,7). 
Synthesized 2D images were devel-
oped to reduce the radiation dose to 
the breast, a very important objective, 
especially for the screening of asymp-
tomatic women. According to Skaane et 
al (8), the average glandular dose for 
full-field digital mammography (FFDM) 
plus DBT (3.52 mGy 6 1.08) was ap-
proximately double that of FFDM alone 
(1.58 mGy 6 0.61); synthetic 2D im-
ages, reconstructed from the DBT data 
by using specific software, reduced the 
radiation dose to acceptable values 
(1.95 mGy 6 0.58) for screening.

Very few studies have examined the 
performance of DBT with synthetic 2D 
imaging (DBT plus synthetic 2D imag-
ing) in comparison with FFDM in real-
world screening practice (9,10), and 
this screening strategy has not been 
validated in randomized controlled tri-
als (10). Zuckerman et al (9) suggested 
that DBT plus synthetic 2D imaging has 
screening outcomes similar to those of 
DBT plus FFDM but with a significantly 
lower radiation dose. Bernardi et al 
(10) reported that DBT plus synthetic 
2D imaging or DBT plus FFDM enabled 
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Advances in Knowledge

 n Screening with DBT plus synthe-
sized 2D mammography increased 
cancer detection rate vs FFDM 
(9.30 vs 5.41 cancers per 1000 
screens, P , .001) with compa-
rable average glandular dose.

 n Cancer stage distribution shows a 
lower proportion of in situ malig-
nancy (9% with DBT plus syn-
thetic 2D imaging vs 26.9% with 
FFDM) and higher proportion of 
stage I invasive cancer (72.3% 
with DBT plus synthetic 2D vs 
50.0% with FFDM; P = .11) 
among patients whose cancer was 
detected with DBT plus synthetic 
2D imaging versus FFDM.

 n Recall rates for assessment were 
similar between DBT plus syn-
thetic 2D and FFDM (4.0% vs 
4.2%, respectively); however, we 
observed a significant increase in 
invasive assessment rate (1.5% 
vs 0.9%; P , .001).

 n DBT plus synthetic 2D screening 
increased cancer detection rate in 
most age groups and density cate-
gories, with improved visualization 
of masses in high-density breasts 
(26 with DBT plus synthetic 2D vs 
five with FFDM) and architectural 
distortions in low-density breasts 
(12 with DBT plus synthetic 2D vs 
three with FFDM), respectively.

 n Mean reading time doubled for 
DBT plus synthetic 2D imaging 
compared with FFDM as indicated 
by number of screenings inter-
preted per hour (38.5 vs 60 
screens per hour; P , .001);  
percentage of discordant referral 
recommendations for cancers in 
double-reading practice decreased 
from 28.2% for FFDM to 7.1% for 
DBT plus synthetic 2D (P = .0002).

Implications for Patient Care

 n DBT plus synthetic 2D imaging in 
population-based breast cancer 
screening programs improves 
cancer detection with evidence 
that this is generally consistent 
across age groups and breast 
density categories.

 n DBT enables radiologists to 
increase detection of suspicious 
findings that require further in-
vestigation, with a higher cancer 
yield at assessment.

 n Increased image reading time 
from DBT plus synthetic 2D im-
aging could be addressed by 
reconsidering whether double 
reading (standard practice in 
Europe) is necessary, given that 
DBT plus synthetic 2D imaging 
significantly reduced discordant 
recall for cancers compared with 
FFDM.

Several studies have shown the 
increased sensitivity and spec-
ificity of integrated two-dimen-

sional (2D) imaging and digital breast 
tomosynthesis (DBT) in breast cancer 
population screening (1–5). Moreover, 
the use of two-view DBT is associated 
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with FFDM in the same screening 
program in the year prior to the pro-
spective study period (April 1, 2014 
to March 31, 2015). Women in the 
historical cohort underwent screening 
with only FFDM. From October 2011 
to June 2012, within our screening pro-
gram 3040 women had been screened 
with DBT (4), but they were excluded 
from the present study to avoid intro-
ducing baseline differences between the 
two study cohorts of the current study. 
All women in the historical cohort were 
invited by letter to undergo screening 
with FFDM and gave their written con-
sent for data from their participation to 
be used in research projects.

Procedures
Participants underwent DBT with a mam-
mography unit (Selenia Dimensions; 

Participants’ risk for breast can-
cer corresponds to that of the low-
risk portion of the population. Women 
with a personal history of breast can-
cer, those who are BRCA mutation 
carriers, and high-risk women do 
not undergo breast cancer screening 
through the program and are triaged 
to specialized services.

All eligible women were invited by 
letter to undergo screening with DBT 
plus synthetic 2D mammography (the 
letter included a careful explanation of 
this new technique) or, alternatively, 
FFDM (Figure). All women chose to un-
dergo DBT. Written informed consent 
for participation in the prospective study 
was obtained before DBT examination.

To enable comparison of screening 
detection measures, we assembled a 
historical cohort of women screened 

two-view (craniocaudal and mediolater-
al oblique) FFDM of each breast. Each 
screening mammogram is independently 
interpreted, in batch mode, by two ra-
diologists. A screening result is consid-
ered positive and the woman is recalled 
for further investigations if at least one 
reader records a positive finding. Di-
agnostic work-up for recalled women, 
referred to as second-level assessment, 
could potentially include additional DBT 
plus synthetic 2D views (both for the 
group screened with DBT plus synthetic 
2D mammography and the comparison 
group), ultrasonography (US), and nee-
dle biopsy, if indicated. If the second-
level assessment findings are negative, 
women undergo screening FFDM after 
2 years; if the second-level assessment 
findings are positive, women are sent to 
the Breast Unit.

Flowchart shows study design and subject flow.
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(atypical intraductal epithelial prolif-
eration, flat epithelial atypia, lobular 
intraepithelial neoplasia including both 
atypical lobular hyperplasia and lobular 
carcinoma in situ, classic type, with low 
or intermediate nuclear grade, radial 
scar or complex sclerosing lesion, pap-
illary lesion, and “other entities” includ-
ing fibroepithelial lesion with cellular 
stroma and “mucocele-like” lesion); B4, 
suspicious findings but insufficient for 
a definite diagnosis of malignancy; and 
B5, unequivocal malignancy. Category 5 
includes four subcategories: B5a, in situ 
carcinomas; B5b, invasive carcinomas; 
B5c, invasive status nonassessable; and 
B5d, other malignancy).

Outcomes and Statistical Analysis
The following outcomes were calcu-
lated for the group screened with DBT 
plus synthetic 2D imaging and for the 
comparison group: (a) attendance 
rate (percentage of women invited); 
(b) rates of recall for assessment and 
invasive assessment (recalled women 
who underwent a biopsy; percentage of 
women screened); (c) CDR for breast 
cancer, both invasive and in situ, over-
all and for cancers larger than 20 mm 
in greatest dimension (pT2+; per 1000 
screened); (d) positive predictive value 
(PPV) for recall—screening examina-
tions that resulted in recall (an initial 
interpretation of abnormal findings), 
after which a diagnosis of breast cancer 
was made (percentage); (e) the number 
of biopsies yielding borderline (B3) his-
tologic findings (percentage); (f) the 
number of cancers detected by only one 
reader from double-reads (percentage); 
(g) the mean number of examinations 
interpreted within a 1-hour time period 
(average reading time); and (h) the 
storage requirement per year and per 
number of examinations.

The results were stratified by age-
group (5-year classes), breast density 
(low or high) (12), and screening mam-
mography (first or subsequent). A x2 
test was used to compare distribution 
by age and breast density among 
groups. We compared the results of 
the two screening strategies by calcu-
lating the relative rates (RRs) of the 
main screening detection measures, 

At the time of image reading, pre-
vious screening mammograms were 
routinely examined when available. For 
each screening examination, breast 
density data were also collected ac-
cording to BI-RADS classification (12), 
and then the images were classified into 
two groups: low-density breast tissue, 
which included BI-RADS categories A 
and B, and high-density breast tissue, 
which included BI-RADS categories C 
and D. If the two readers had discor-
dant density assessments, the final den-
sity assessment was decided by a third 
reader.

In the study group, at the same im-
age reading session, readers collected 
data regarding lesion visibility in both 
DBT plus synthetic 2D images and in 
images obtained with DBT alone. Le-
sion data collected included DBT and 
synthetic 2D imaging findings (mass, 
microcalcification, architectural dis-
tortion, mass plus microcalcification); 
size (in millimeters); lesion localization 
(“clock” position); lesion side (right 
or left); BI-RADS assessment cate-
gories (DBT BI-RADS and synthetic 
2D BI-RADS), and BI-RADS density 
classification.

Diagnostic work-up for recalled 
women (second-level assessment) could 
potentially include additional DBT plus 
synthetic 2D views (for both the group 
screened with DBT plus synthetic 2D 
imaging and the comparison group), 
US, and a needle biopsy, if indicated. 
Lesions classified as BI-RADS 4 or 5 
underwent a US-guided core-needle 
biopsy (with a 14-gauge needle) or a 
DBT-guided vacuum-assisted biopsy 
(VAB) (with a 9-gauge needle). For 
DBT-guided VAB on areas of architec-
tural distortion, 24 biopsy specimens 
were obtained in two biopsy rounds 
(mean sample weight, 4 g). Histopath-
ologic results were classified as B1 to 
B5, according to European Guidelines 
(11): B1, normal tissue, regardless of 
whether breast parenchymal structures 
are present; B2, benign abnormalities 
such as sclerosing adenosis, fibroad-
enomas, fibrocystic changes, intramam-
mary lymph nodes, duct ectasia, or fat 
necrosis; B3, a heterogeneous group of 
lesions of unknown biologic potential 

Hologic, Bedford, Mass). Screening ex-
aminations included two-view (cranio-
caudal and mediolateral oblique) DBT 
mammography of each breast. The aver-
age glandular dose for a single DBT view 
was 2.09 mGy 6 0.55 (standard devia-
tion) (1.13–3.65 mGy). In the compar-
ison group, women underwent FFDM 
with the same system (Selenia Dimen-
sions unit). The average glandular dose 
for a single-view FFDM was 1.48 mGy 6 
0.58 (0.52–3.13 mGy).

Screening examinations were read 
at dedicated workstations with high-
spatial-resolution mammography mon-
itors. Screening mammograms were 
interpreted sequentially by radiologists 
initially by using synthetic 2D imaging 
alone and then by using DBT at the 
same screen-reading session. Reporting 
information was automatically collected 
by the radiology information system. 
The total number of readings by each 
radiologist within a 1-hour period in-
cluded in the radiology information 
system–generated report was used to 
calculate the mean reading time.

Images from each screening exam-
ination (DBT plus synthetic 2D mam-
mography or FFDM) were indepen-
dently interpreted, in batch mode, by 
two of four breast radiologists (F.C., 
S.B., P.B., L.C.) with 3–13 years of ex-
perience in mammographic screening, 
and all the radiologists had 5 years of 
clinical experience in DBT interpreta-
tion. Double reading was used as the 
standard practice in European breast-
screening programs. No computer-aided 
detection was used.

A screening examination was con-
sidered positive and a woman recalled 
for further investigations if at least one 
reader recorded a positive result (no 
arbitration was performed). Screening 
examinations were classified according 
to Breast Imaging Reporting and Data 
System (BI-RADS) categories: incom-
plete (BI-RADS 0), negative (BI-RADS 
1), benign finding (BI-RADS 2), proba-
bly benign finding (BI-RADS 3), suspi-
cious abnormality (BI-RADS 4), highly 
suggestive of malignancy (BI-RADS 5) 
(12). Readers recorded a positive result 
for BI-RADS 0 and BI-RADS category 
3 or higher.
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with 95% confidence intervals (CIs), by 
using a multivariate logistic regression 
analysis that included age as a covariate. 
Analyses were performed with statisti-
cal software (Stata 14.1; Stata, College 
Station, Tex). P , .05 was considered 
to indicate a significant difference.

Results

A total of 16 666 participants (median 
age, 59 years) were screened with DBT 
plus synthetic 2D imaging during the 
study period, and 14 423 had been 
screened in the prior year with FFDM 
alone (median age, 58 years) (Table 1).  
The rates of response to the invitation 
to undergo screening were 75.0% for 
the DBT plus synthetic 2D imaging 
group and 77.9% for the comparison 
group (RR, 0.96; 95% CI: 0.93, 0.99; 
P = .01). Descriptive data for each 
group are shown in Table 1. There 
were 155 cancers (136 invasive and 
19 ductal carcinoma in situ [DCIS]) 
detected in the DBT plus synthetic 
2D imaging group versus 78 cancers 
(58 invasive and 20 DCIS) (P = .54) 
in those screened with FFDM alone. 
The corresponding CDRs were 9.30 
per 1000 screening examinations with 
DBT plus synthetic 2D imaging versus 
5.41 per 1000 screening examinations 
with FFDM alone (RR, 1.72; 95% CI: 
1.30, 2.29). As shown in Table 2, sig-
nificantly increased cancer detection 
for DBT plus synthetic 2D screening 
was evident for first screening and sub-
sequent (repeat) screening. The rate 
of detection of large (pT2+) tumors 
was similar between the DBT plus syn-
thetic 2D imaging and FFDM groups 
(1.18 per 1000 vs 1.14 per 1000, 
respectively).

Screening with DBT plus synthetic 
2D imaging was associated with in-
creased CDRs in patients in all age 
groups except those aged 50–54 years 
(Table 3). The percentage of partic-
ipants with high-density breasts was 
similar in both groups (2783 of 16 666 
[16.7%] in the DBT group vs 2436 of 
14 423 [16.9%] in the FFDM group). 
The CDRs stratified by breast density 
are shown in Table 3; there was a sig-
nificantly higher CDR in the DBT plus 
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synthetic 2D imaging group than in the 
FFDM group for both density strata.

The PPV for recall was 155 of 663 
(23.3%) for DBT plus synthetic 2D imag-
ing versus 78 of 605 (12.9%) with FFDM 
alone (RR, 1.81; 95% CI: 1.34, 2.47).

Of the cancers detected, DCIS com-
prised 12.3% with DBT plus synthetic 
2D imaging (19 of 155) and 25.6% with 
FFDM alone (20 of 78) (P = .002). Of 
the cancers detected, invasive (stage I) 
cancers comprised 72.3% (112 of 155) 
in the DBT plus synthetic 2D imag-
ing group and 50.0% (39 of 78) in the 
FFDM group (P = .11). The proportion 
of pT2+ cancers was 12.3% (19 of 155) 
versus 21.8% (17 of 78), respectively 
(P = .11). Mean tumor size was 15.1 
mm for cancers detected with DBT plus 
synthetic 2D and 18.6 mm for cancers 
detected with FFDM alone (P = .052). 
Lymph node involvement was observed 
in 11.5% of patients who underwent 
FFDM alone (nine of 78) and in 26.9% 
who underwent DBT plus synthetic 2D 
imaging (39 of 145) (P = .032). Stage 
distribution of cancers detected with 
DBT plus synthetic 2D imaging was 
as follows: stage 0, 12.3% (19 of 155) 
versus 23.1% (18 of 78) screened with 
FFDM (P = .073); stage Ia, 63% (97 of 
155) versus 50% (39 of 78) screened 
with FFDM (P = .34); stage Ib, 9.7% 
(15 of 155) versus 2.6% (two of 78) 
screened with FFDM (P = .064); stage 
IIa, 6.5% (10 of 155) versus 15.4% (12 
of 78) screened with FFDM (P = .048); 
stage IIb, 6.5% (10 of 155) versus 3.8% 
(three of 78) screened with FFDM (P 

Table 2

RRs of Screening Outcomes in Women Screened with DBT Plus Synthetic 2D Imaging versus FFDM (Reference)

Parameter

First Mammography Screening Subsequent (Repeat) Screening Total

RR 95% CI RR 95% CI RR 95% CI

RR (percentage screened) 0.85 0.68, 1.07 0.94 0.82, 1.07 0.95 0.84, 1.06
Invasive assessment rate (percentage screened) 1.17 0.78, 1.76 1.75 1.35, 2.29 1.63 1.31, 2.03
Invasive assessment rate (percentage recalled) 1.37 0.87, 2.19 1.87 1.40, 2.51 1.72 1.34, 2.19
CDR (per 1000 screened) 1.43 0.77, 2.78 1.77 1.29, 2.44 1.72 1.30, 2.29
Detection rate of pT2+ (per 1000 screened) 0.92 0.25, 3.67 0.91 0.37, 2.22 0.97 0.48, 1.98
Proportion of pT2+ (percentage of cancers with available stage) 0.59 0.14, 2.75 0.57 0.22, 1.49 0.59 0.27, 1.29
PPV for recall (%) 1.69 0.87, 3.39 1.89 1.34, 2.68 1.81 1.34, 2.47

Note.—Data are overall outcomes and outcomes stratified by first and subsequent screenings.

= .44); stage IIIa, 1.9% (three of 155) 
versus 3.8% (three of 78) screened with 
FFDM (P = .40); stage IIIc, 0.6% (one of 
155) versus 0% (0 of 78) screened with 
FFDM (P = .48).

The recall rate was similar for the 
DBT plus synthetic 2D and comparison 
groups (666 of 16 666 [4.0%] vs 609 of 
14 423 [4.2%], respectively; RR, 0.95; 
95% CI: 0.84, 1.06) (Table 2). Recall 
rates did not significantly differ be-
tween DBT plus synthetic 2D imaging 
and comparison groups when examined 
by first or subsequent screening (195 of 
3027 [6.4%] and 471 of 13 639 [3.5%], 
respectively, for the DBT plus syn-
thetic 2D imaging group compared with 
150 of 1982 [7.6%] and 459 of 12 441 
[3.7%] for the FFDM group) (Table 2).

The invasive assessment rate dif-
fered significantly between the DBT 
plus synthetic 2D imaging group and 
FFDM group for first screening exam-
ination (73 of 3027 [2.4%] vs 41 of 
1982 [2.1%]; RR, 1.17; 95% CI: 0.78, 
1.76) and for subsequent screening 
examinations (177 of 13 639 [1.3%]  
vs 92 of 12 441 [0.7%]; RR, 1.75; 95% 
CI: 1.35, 2.29) (Table 2). Imaging fea-
tures of target lesions influenced the 
biopsy method: The percentage of 
US-guided core-needle biopsies per-
formed decreased slightly (from 74 of 
133 [55.6%] to 125 of 250 [50.0%]; 
P = .56), whereas the number of DBT-
guided VABs increased from 59 of 133 
(44.4%) in the FFDM group to 125 of 
250 (50.0%) in the DBT plus synthetic 
2D imaging group (P = .53). DBT-guided 

VAB allowed targeting for 32 lesions 
(11 of which were malignant) that were 
identified with DBT alone.

The number of biopsies yielding 
borderline (B3) histologic findings was 
9.9% higher in the DBT plus synthetic 
2D imaging group compared with the 
FFDM group (53 of 250 [21.2%] vs 15 
of 133 [11.3%] patients, respectively; P 
= .0001).

Table 4 shows the imaging and 
histologic findings of lesions that un-
derwent invasive assessment and the 
number of cancers stratified by breast 
density and imaging features. In partic-
ular, 13 of 155 (8.4%) of the cancers 
appeared as architectural distortions at 
DBT (vs four of 78 [5.1%] in the con-
trol group; P = .40); 11 B5 tumors were 
not visible on synthetic 2D images and 
were identified with DBT alone.

The number of cancers detected 
by only one reader during double-
reads was 11 in the DBT group and 22 
in the comparison group; hence, dis-
cordant recall for verified cancers de-
creased substantially with screening 
with DBT plus synthetic 2D imaging, 
from 28.2% (22 of 78) to 7.1% (11 of 
155) (P , .001).

The mean number of examinations 
interpreted within a 1-hour time period 
was 38.5 for DBT plus synthetic 2D 
imaging and 60 for FFDM alone (P , 
.001).

Finally, the storage requirement per 
year was 5 383 118 megabytes (MB)—
almost 323 MB per examination for 
DBT plus synthetic 2D imaging—versus 
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compared with STORM (9.3 cancers 
per 1000 screening examinations vs 8.1 
cancers per 1000 screen examinations 
for integrated screening) (4). This out-
come could be explained by the further 
experience with DBT.

In our study, the percentage of par-
ticipants with high-density breasts was 
similar in both groups but appeared to 
be significantly lower in comparison 
with other studies (9,21). Furthermore, 
the percentage of high-density breasts 
in Italian women is lower than in U.S. 
women because the Mediterranean diet 
and lifestyle are associated with lower 
breast density (22).

In our study, the percentage of US-
guided core-needle biopsies performed 
decreased slightly, whereas the number 
of DBT-guided VABs increased. DBT-
guided VAB allowed targeting for 32 
lesions (11 of which were malignant) 
that were identified with DBT alone. 
On the other hand, the number B3 le-
sions was 9.9% higher in the DBT plus 
synthetic 2D imaging group than in the 
FFDM group, which suggests that DBT 
could increase surgical procedures for 
B3 lesions.

The mean reading time increased 
significantly for DBT plus synthetic 2D 
imaging compared with FFDM alone, 
with a corresponding reduction in the 
number of examinations interpreted per 
hour. There are more section images to 

cancer detection in all density-stratified 
analyses. There was a higher propor-
tion of pT1 invasive cancers in the DBT 
group than in the FFDM group.

Furthermore, the proportion of 
DCIS was lower for DBT plus syn-
thetic 2D screening than that for FFDM 
screening, but there is no statistical dif-
ference between DCIS numbers. DBT 
plus synthetic 2D imaging allows eval-
uation of microcalcification morpho-
logic characteristics and—better than 
FFDM—the distribution through the 
sections. Bernardi et al (10) showed a 
decrease in recalls secondary to calcifi-
cation. On the other hand, DBT could 
have a lower sensitivity compared with 
FFDM because some microcalcifica-
tion may be less conspicuous with DBT 
(20). The higher detection of earlier-
stage cancers with DBT plus synthetic 
2D imaging implies that this modality 
has the potential to improve screening 
benefit. Bernardi et al (10) also detect-
ed a relatively higher proportion of ear-
lier-stage cancer at DBT plus synthetic 
2D imaging or DBT plus FFDM com-
pared with FFDM alone. Zuckerman 
et al (9), however, found no statistical 
difference in the numbers of cancers 
detected or the proportions of invasive 
cancer versus DCIS detected at DBT 
plus synthetic 2D imaging compared 
with DBT plus FFDM. There is a fur-
ther improvement in cancer detection 

504 888 MB, almost 0.35 MB per exam-
ination, for FFDM alone.

Discussion

In most studies, DBT has been used in 
combination with 2D mammography, 
with double acquisitions and an in-
creased radiation dose to the breast (13–
19). Use of synthesized 2D images allows 
an acceptable radiation dose, in line with 
the European Guidelines for Quality As-
surance in Breast Screening (11). In the 
Verona screening program, we transi-
tioned to DBT plus synthetic 2D imaging, 
increasing CDR and maintaining similar 
rates of recall for assessment.

We observed that DBT plus syn-
thetic 2D mammography had a higher 
invasive assessment rate than FFDM 
alone owing to improved visualization 
of breast cancers and B3 lesions. The 
PPV for cancer at second-level assess-
ment was significantly higher in the 
DBT plus synthetic 2D imaging group 
than in the FFDM group.

There was evidence of improved 
cancer detection with DBT plus syn-
thetic 2D imaging across age groups, 
with significant differences for women 
older than 55 years, further highlight-
ing the effectiveness of DBT in terms 
of cancer detection for women in this 
age group. DBT plus synthetic 2D 
imaging also significantly improved 

Table 3

Detection Rates of Cancer according to Age and Breast Density in Women Screened with DBT Plus Synthetic 2D Imaging versus Those 
in Women Screened with FFDM Alone

Characteristic

FFDM DBT Plus Synthetic 2D Imaging DBT Plus Synthetic 2D Imaging vs FFDM

Screened Cancer
Detection Rate  
(per 1000 Screened) Screened Cancer

Detection Rate  
(per 1000 Screened) RR* 95% CI P Value

Age (y)
 50–54 3144 20 6.4 5129 35 6.8 1.07 0.60, 1.96 .80
 55–59 3485 12 3.4 3605 28 7.8 2.26 1.11, 4.88 .016
 60–64 3760 23 6.1 4066 53 13.0 2.13 1.28, 3.65 .002
 65–69 4034 23 5.7 3866 39 10.1 1.77 1.03, 3.11 .028
Breast density†

 A or B 11 987 67 5.6 13 883 119 8.6 1.53 1.13, 2.10 .005
 C or D 2436 11 4.5 2783 36 12.9 2.86 1.42, 6.25 .001

Note.—Except where indicated, data are numbers of patients.

* Reference group = FFDM.
† American College of Radiology BI-RADS.
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tomosynthesis for population breast-cancer 
screening (STORM): a prospective compari-
son study. Lancet Oncol 2013;14(7):583–589.

 5. Lång K, Andersson I, Rosso A, Tingberg A, 
Timberg P, Zackrisson S. Performance of 
one-view breast tomosynthesis as a stand-
alone breast cancer screening modality: re-
sults from the Malmö Breast Tomosynthesis 
Screening Trial, a population-based study. 
Eur Radiol 2016;26(1):184–190.

 6. Wallis MG, Moa E, Zanca F, Leifland K, Dan-
ielsson M. Two-view and single-view tomo-
synthesis versus full-field digital mammogra-
phy: high-resolution x-ray imaging observer 
study. Radiology 2012;262(3):788–796.

 7. Rafferty EA, Park JM, Philpotts LE, et al. 
Diagnostic accuracy and recall rates for digi-
tal mammography and digital mammography 
combined with one-view and two-view tomo-
synthesis: results of an enriched reader study. 
AJR Am J Roentgenol 2014;202(2):273–281.

 8. Skaane P, Bandos AI, Eben EB, et al. Two-
view digital breast tomosynthesis screening 
with synthetically reconstructed projection 
images: comparison with digital breast tomo-
synthesis with full-field digital mammographic 
images. Radiology 2014;271(3):655–663.

 9. Zuckerman SP, Conant EF, Keller BM, et al. 
Implementation of synthesized two-dimen-
sional mammography in a population-based 
digital breast tomosynthesis screening pro-
gram. Radiology 2016;281(3):730–736.

 10. Bernardi D, Macaskill P, Pellegrini M, et al. 
Breast cancer screening with tomosynthesis 
(3D mammography) with acquired or syn-
thetic 2D mammography compared with 2D 
mammography alone (STORM-2): a popula-
tion-based prospective study. Lancet Oncol 
2016;17(8):1105–1113.

 11. Perry N, Broeders M, de Wolf C, Toernberg 
S, Holland R, von Karsa L, eds. European 
Guidelines for Quality Assurance in Breast 
Screening and Diagnosis. Luxembourg: Office 
for Official Publications of the European 
Communities, 2006; 221–256.

 12. D’Orsi CJ, Sickles EA, Mendelson EB, et al. 
ACR BI-RADS Atlas, Breast Imaging Report-
ing and Data System. Reston, VA: American 
College of Radiology, 2013.

 13. Houssami N. Digital breast tomosynthesis 
(3D-mammography) screening: data and 
implications for population screening. Ex-
pert Rev Med Devices 2015;12(4):377–379.

 14. Friedewald SM, Rafferty EA, Rose SL, et al. 
Breast cancer screening using tomosynthe-
sis in combination with digital mammogra-
phy. JAMA 2014;311(24):2499–2507.

 15. Haas BM, Kalra V, Geisel J, Raghu M, Du-
rand M, Philpotts LE. Comparison of tomo-

programs (women aged 50 years and 
older, biennial screening with double 
screen reading) and US-based breast 
cancer screening (women aged 40 
years and older, annual screening with 
single-reading practice). These differ-
ences contribute to potential variability 
in the outcomes of DBT screening, as 
described in a summary by Houssami 
et al (26) of recent evidence.

In conclusion, the transition to DBT 
plus synthetic 2D imaging in the Verona 
screening program was associated with 
increased breast CDRs compared with 
screening with FFDM, with comparable 
recall rates for these screening strat-
egies. PPV at second-level assessment 
also improved after transition to DBT 
plus synthetic 2D screening. However, 
the time needed for DBT image reading 
and the number of invasive assessments 
increased. Thus, before implementa-
tion of a screening strategy based on 
DBT, careful resource and infrastruc-
ture planning is required and should be 
complemented by rigorous health eco-
nomic evaluation to inform screening 
policy decisions.
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