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Purpose: To compare the performance of digital breast tomosyn-
thesis (DBT) and two-dimensional synthetic mammogra-
phy (SM) with that of digital mammography (DM) in a 
population-based mammographic screening program.

Materials and 
Methods:

In this prospective cohort study, data from 37 185 women 
screened with DBT and SM and from 61 742 women 
screened with DM as part of a population-based screen-
ing program in 2014 and 2015 were included. Early per-
formance measures, including recall rate due to abnormal 
mammographic findings, rate of screen-detected breast 
cancer, positive predictive value of recall, positive predic-
tive value of needle biopsy, histopathologic type, tumor 
size, tumor grade, lymph node involvement, hormonal 
status, Ki-67 level, and human epidermal growth factor 
receptor 2 status were compared in women who under-
went DBT and SM screening and in those who underwent 
DM screening by using x2 tests, two-sample unpaired t 
tests, and tests of proportions.

Results: Recall rates were 3.4% for DBT and SM screening and 
3.3% for DM screening (P = .563). DBT and SM screening 
showed a significantly higher rate of screen-detected can-
cer compared with DM screening (9.4 vs 6.1 cancers per 
1000 patients screened, respectively; P , .001). The rate 
of detection of tumors 10 mm or smaller was 3.2 per 1000 
patients screened with DBT and SM and 1.8 per 1000 pa-
tients screened with DM (P , .001), and the rate of grade 
1 tumors was 3.3 per 1000 patients screened with DBT 
and SM versus 1.4 per 1000 patients screened with DM (P 
, .001). On the basis of immunohistochemical analyses, 
rates of lymph node involvement and tumor subtypes did 
not differ between women who underwent DBT and SM 
screening and those who underwent DM screening.

Conclusion: DBT and SM screening increased the detection rate of his-
tologically favorable tumors compared with that attained 
with DM screening.
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A total of 98 927 women were pro-
spectively included in this study and 
underwent screening between Febru-
ary 1, 2014, and January 31, 2016, 
which corresponded to one screening 
round. Women attending the stationary 
screening unit in Oslo (n = 37 185) were 
screened with DBT and SM (Dimen-
sions; Hologic, Bedford, Mass). Among 
these women, a total of 7250 (19.5%) 
had their first (prevalent) screening ex-
amination in the program during the 
study period. Women attending screen-
ing in Vestfold and Vestre Viken were 
screened with DM. In Vestfold, the 
screening examinations took place at 
the stationary unit (Dimensions; Ho-
logic), while in Vestre Viken, women 
were screened at two stationary units 
(Mammomat Inspiration; Siemens, Er-
langen, Germany) and one mobile unit 
(Seno Essential, GE Healthcare, Buc 
France). Data from Vestfold and Vestre 
Viken were combined and will hereaf-
ter be referred to as the DM group (n 
= 61 742). During the study period, a 
total of 9517 (15.4%) women in the DM 
group were prevalently screened.

Images from the screening exami-
nations were independently interpreted 

screen-detected cancers and the rate 
of interval cancers have been cited as 
challenges (8,10).

Software to create synthetic mam-
mographic (SM) images from DBT raw 
data are now available, eliminating the 
need for concurrent DM image acqui-
sition and reducing concern related to 
the increased radiation dose from com-
bined DBT and DM screening (13–17). 
Early reports suggest that the rate of 
screen-detected breast cancer does not 
differ between (a) DBT and SM screen-
ing and (b) DBT and DM screening 
(14,15). Our study objective was to in-
vestigate early screening performance 
measures attained with DBT and SM 
versus those attained with DM alone in 
a population-based screening program.

Materials and Methods

This study was approved by the Data 
Protection Official of the Cancer Reg-
istry of Norway. The Norwegian Breast 
Cancer Screening Program is described 
in detail elsewhere (18). In brief, a 
postal or digital letter is sent to invite 
all Norwegian women aged 50–69 years 
to undergo biennial mammographic 
screening, with a stated time and place 
for the examination. The women are 
screened at 26 stationary and four mo-
bile screening units, and image inter-
pretation, consensus reading, and diag-
nostic examinations for recalled women 
are performed at 16 regional breast 
centers. The Cancer Registry of Nor-
way administers the program.

This prospective population-based 
cohort study included screening ex-
aminations performed at three in-
dependent breast centers in three 
neighboring screening areas in  
the southeastern part of the country. 
All centers are part of the Norwegian 
Breast Cancer Screening Program. 
The radiologists who performed 
screen reading in the study period 
had varying degrees of experience 
with such work (Table E1 [online]). 
However, the centers showed compa-
rable cancer detection rates and his-
tologic tumor characteristics prior to 
the study period (date range, 2007–
2009) (Table E2 [online]).
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Implications for Patient Care

 n In a population-based breast 
cancer screening program, digital 
breast tomosynthesis with syn-
thetic mammography depicted 
more cancers than did digital 
mammography.

 n Digital breast tomosynthesis with 
synthetic mammography depicts 
more early stage breast cancers 
than does digital mammography.

 n Invasive breast cancers detected 
with digital breast tomosynthesis 
and synthetic mammography had 
more favorable tumor character-
istics (including smaller tumor 
diameter and more grade 1 
tumors) than did cancers 
detected with digital 
mammography.

S tudies have shown that use of 
digital breast tomosynthesis 
(DBT) in combination with digital 

mammography (DM) in breast cancer 
screening programs increases the can-
cer detection rate compared with that 
attainted with DM alone, while results 
for recalls have been somewhat con-
flicting (1–7). The drawbacks of com-
bination screening with DBT and DM 
include increased radiation exposure to 
patients, extended compression time, 
increased radiologist interpretation 
time, and the need for increased data 
storage space (8–10). In addition, it is 
unknown if the additional cancers de-
tected represent clinically meaningful 
cancers or if they are dormant or slow-
growing tumors that never would have 
become clinically important within the 
woman’s lifetime; the latter are usually 
referred to as overdiagnosis.

According to the International 
Agency for Research on Cancer, there 
is currently insufficient evidence to im-
plement (a) DBT and DM and (b) DM 
alone in breast cancer screening (8). 
This statement is supported by multi-
ple systematic reviews and meta-anal-
yses (9,11,12). Variable performance 
measures across facilities and insuffi-
cient knowledge about the prognostic 
and predictive tumor characteristics of 
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among those screened. The rate of 
screen-detected breast cancer was es-
timated as the number of women with 
breast cancer (ductal carcinoma in situ 
[DCIS] and invasive breast cancer sep-
arately and in total) diagnosed after a 
positive screening examination. PPV-
1 was calculated as the percentage of 
breast cancer cases detected among 
those recalled. PPV-2 (the percentage 
of recalled women recommeded to have 
needle biopsy) and PPV-3 are almost 
identical in Norway; thus, PPV-2 is not 
given and PPV-3 was estimated as the 
percentage of breast cancer detected 
among women recalled who underwent 
needle biopsy during further assess-
ment. Histopathologic tumor charac-
teristics were based on surgical biopsy 
reports. Histologic type was defined 
as DCIS, invasive ductal carcinoma, 
invasive lobular carcinoma, invasive 
tubular carcinoma, or other invasive 
carcinomas. Prognostic tumor charac-
teristics for invasive tumors included 
tumor diameter (10 mm, .10 mm to 
20 mm, and .20 mm), lymph node 
involvement (negative or positive), and 
histologic grade (grade 1–3). Predictive 
tumor characteristics included estro-
gen and progesterone receptor status 
(positive or negative), human epider-
mal growth factor receptor 2 (Her2) 
status (positive or negative), and Ki-67 
protein level (,30% or >30%). This 
information was used to classify the 
invasive tumors into subtypes (luminal 
A, luminal B Her2 negative, luminal B 
Her2 positive, Her2 positive, and triple 
negative) (19).

Descriptive statistics were used to 
make comparisons between the two 
groups, (a) DBT and SM and (b) DM.

Two-proportion z tests and two-
sample unpaired t tests were used to 
compare early performance measures 
and histopathologic tumor characteris-
tics between women screened with DBT 
and SM and those screened with DM.  
P ,.05 was considered indicative of a sig-
nificant difference. When we compared 
histopathologic tumor characteristics, 
we adjusted for multiple comparisons 
by using the Bonferroni correction, 
and we used P = .003 (0.05/17) as the 
threshold for statistical significance.

Vestfold (mean, 9 years), and from 0 
to 5 years in Vestre Viken (mean, 3 
years). Experience in screen reading 
DBT as performed in Oslo varied from 
2 months to 3 years (mean, 1.2 years) 
(Table E1 [online]). All breast biopsy 
and surgical specimens were examined 
by pathologists with at least 5 years 
of experience. Pathologic analysis was 
performed in the breast center, and the 
pathologists worked in close collabora-
tion with the radiologists. All data from 
screening and diagnostic examinations 
were reported by radiologists and pa-
thologists to the Cancer Registry of 
Norway for pooling and analysis.

Early performance measures were 
defined as recall rate, rate of screen-de-
tected breast cancer, positive predictive 
value of recalls (PPV-1), positive predic-
tive value of performed needle biopsies 
(PPV-3), and prognostic and predictive 
tumor characteristics.

Recall rate was defined as the pro-
portion of women recalled because 
of abnormal mammographic findings 

by two radiologists at each breast cen-
ter. Each breast was given a score of 
1–5 by each radiologist, with a score 
of 1 indicating screening was negative 
for abnormalities; 2, screening findings 
were probably benign; 3, screening 
findings raised intermediate suspicion; 
4, screening findings were probably 
malignant; and 5, screening findings 
were highly suspicious for malignancy. 
If one or both radiologists had assigned 
a score of 2 or higher, a consensus or 
arbitration meeting was held to deter-
mine whether to call the woman back 
for further assessment (recall) or not. 
Prior examinations were available for 
initial screening interpretation and at 
the consensus meeting. The screening 
examinations included in this study 
were read by breast radiologists work-
ing at one of the three breast centers 
(14 radiologists in Oslo, four in Vest-
fold, six in Vestre Viken). Experience 
in screen reading DM before the study 
started varied from 0 to 14 years in Oslo 
(mean, 4 years), from 6 to 10 years in 

Table 1

Rates of Abnormal Mammographic Findings (Recall), Screen-detected Breast Cancer 
and Positive Predictive Values of Recalls and Needle Biopsies in Women Screened 
with Combined Digital Breast Tomosynthesis and Synthetic Two-dimensional 
Mammography or Digital Mammography

Characteristic

Screening with  
DBT and SM 
(n = 37 185)

Screening with  
DM (n = 61 742)

Overall 
(n = 98 927) P Value*

Age (y)
 Average 59.2 59.4 59.3 ,.001
 Median 59.0 59.0 59.0 ,.001
Recall† 1253 (3.4) 2037 (3.3) 3290 (3.3) .563
Screen-detected cancer‡

 Invasive breast cancer 283 (7.6) 329 (5.3) 612 (6.2) ,.001
 Ductal carcinoma in situ 65 (1.7) 50 (0.8) 115 (1.2) ,.001
 Total 348 (9.4) 379 (6.1) 727 (7.3) ,.001
Positive predictive value  

of recalls (%)§
27.8 18.6 22.1 ,.001

Positive predictive value of  
performed needle biopsies (%)||

53.7 38.6 44.6 ,.001

* P value was determined by comparing women who underwent digital breast tomosynthesis (DBT) and synthetic mammography 
(SM) with those who underwent digital mammography (DM).
† Data are number of abnormal mammographic findings. Data in parentheses are percentages.
‡ Data are number of patients. Data in parentheses are rate per 1000 women screened.
§ Ductal carcinoma in situ and invasive breast cancer among women recalled because of abnormal mammographic findings.
|| Ductal carcinoma in situ and invasive breast cancer among women who underwent needle biopsy after being recalled because 
of abnormal mammographic findings.
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the Norwegian Breast Cancer Screen-
ing Program. The incremental cancer 
detection rate was higher for both 
DCIS and invasive breast cancers. 
These differences were observed in ev-
eryday routine screening settings, and 
the study design ensured an acceptable 
radiation dose and reduced examina-
tion time (compared with a combined 
examination with both DBT and DM) 
in women screened with DBT and SM. 
Typical mammographic features identi-
fied with DBT and SM were spiculated 
masses and spiculated masses with des-
moplastic reaction (Figs 1–3).

Our higher rate of screen-detected 
cancer supports results from analyses 

women screened with DBT and SM ver-
sus 1.4 per 1000 women screened with 
DM (P , .001). The rates did not differ 
significantly for grade 2 (P = .233) or 3 
(P = .376) tumors. There were no sig-
nificant differences in the rate of lymph 
node involvement or in tumor immu-
nohistochemical subtypes in women 
screened with DBT and SM versus 
those screened with DM (Table 2).

Discussion

We identified a significantly higher 
rate of screen-detected breast cancer 
in women screened with DBT and SM 
than in women screened with DM in 

Stata software (version 14; Stata, 
College Station, Tex) was used for all 
data analyses.

Results

Average and median age were 59.2 and 
59.0 years, respectively, in the 37 185 
women screened with DBT and SM and 
59.4 and 59.0 years, respectively, in the 
61 742 women screened with DM (P , 
.001) (Table 1).

Recall rate was 3.4% (1253 of 
37 185) in the DBT and SM group and 
3.3% (2037 of 61 742) in the DM group 
(P = .562) (Table 1). No significant dif-
ference in recall rate between the DBT 
and SM group and the DM group was 
observed for either prevalent (DBT and 
SM, 7.4% [537 of 7250]; DM, 7.6% [726 
of 9517]; P = .591) or incident (DBT and 
SM, 2.4% [716 of 29 935]; DM, 2.5% 
[1312 of 52 225]; P = .284) screening.

Overall, 348 breast cancers were 
detected because of abnormal DBT and 
SM screening results and 379 were de-
tected because of abnormal DM screen-
ing results. The screen-detected cancer 
detection rate was 9.4 per 1000 women 
screened (348 of 37 185 women) in 
the DBT and SM group and 6.1 per 
1000 women screened (379 of 61 742 
women) in the DM group (P , .001). 
PPV-1 and PPV-3 were significantly 
higher in the DBT and SM group than 
in the DM group (27.8% vs 18.6% for 
PPV-1, 53.7% vs 38.6% for PPV-3; P , 
.001 for both).

The rate of screen-detected DCIS 
and the rate of invasive breast cancer  
were significantly higher in the DBT and 
SM group than in the DM group (Table 1).  
Furthermore, the rate of tubular 
breast carcinoma was significantly 
higher in women who underwent 
DBT and SM than in those who un-
derwent DM after correcting for 
multiple comparisons (0.8 per 1000 
women screened vs 0.1 per 1000 
women screened, P , .001) (Table 2).  
The rate of invasive tumors 10 mm in 
diameter or smaller was 3.2 per 1000 
women screened with DBT and SM 
versus 1.8 per 1000 women screened 
with DM (P , .001) (Table 2). The rate 
of grade 1 tumors was 3.3 per 1000 

Table 2

Rates of Histologic Type and Prognostic and Predictive Tumor Characteristics of 
Cancers in Women Screened with Digital Breast Tomosynthesis including Synthetic 
Two-dimensional Mammography versus those in Women Screened with  
Digital Mammography

Characteristic

Screening with  
DBT and SM 
(n = 37 185)

Screening with  
DM (n = 61 742)

Overall  
(n = 98 927) P Value

Histologic type
 Ductal carcinoma in situ 65 (1.7) 50 (0.8) 115 (1.2) ,.001*
 Invasive ductal carcinoma 208 (5.6) 272 (4.4) 480 (4.9) .014
 Invasive lobular carcinoma 42 (1.1) 45 (0.7) 87 (0.9) .061
 Tubular carcinoma 28 (0.8) 6 (0.1) 34 (0.3) ,.001*
 Other invasive carcinomas 5 (0.1) 6 (0.1) 11 (0.1) .590
Tumor diameter
 10 mm 119 (3.2) 109 (1.8) 228 (2.3) ,.001*
 .10 to 20 mm 122 (3.3) 154 (2.5) 279 (2.8) .030
 .20 mm 38 (1.0) 57 (0.9) 95 (1.0) .747
 Missing 4 9 13 …
Lymph node involvement
 Positive 36 (1.0) 45 (0.7) 81 (0.8) .341
 Missing 11 7 18 …
Histologic grade
 Grade 1 123 (3.3) 86 (1.4) 209 (2.1) ,.001*
 Grade 2 130 (3.5) 186 (3.0) 316 (3.2) .233
 Grade 3 28 (0.8) 56 (0.9) 84 (0.8) .376
 Missing 2 1 3 …
Subtype
 Luminal A 158 (4.2) 198 (3.2) 356 (3.6) …
 Luminal B Her2 negative 98 (2.6) 91 (1.5) 189 (1.9) …
 Luminal B Her positive 13 (0.3) 19 (0.3) 32 (0.3) …
 Her2 positive 1 (0.03) 6 (0.1) 7 (0.1) …
 Triple negative 10 (0.3) 12 (0.2) 22 (0.2) …
 Missing 3 3 6 …

Note.—Unless otherwise indicated, data are number of patients. Data in parentheses are rate per 1000 women screened.
† Difference is significant after Bonferroni correction.
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somewhat surprising, since the detect-
ability of suspicious microcalcifications 
with DBT versus that with DM has 
been questioned (16,20,21). Our study 
indicates that SM might be of sufficient 
quality to depict suspicious microcalcifi-
cations found to harbor DCIS.

Interestingly, recall rates did not 
differ significantly between the DBT 
and SM group and the DM group in the 
study period. Studies comparing com-
bined DBT and DM screening with DM 
screening have different reading proce-
dures and have shown conflicting results 
regarding recall rate when adding DBT 
to the screening procedure, especially 
in European studies in which the rate 
in general is substantially lower than 
that in the United States (10,22,23). 
However, the recall rate in Oslo was 
lower in the study period (DBT and 
SM) than in the period before the study 
(DM) (Table E2 [online]). Both PPV-
1 and PPV-3 were significantly higher 
with DBT and SM screening than with 
DM screening. Similar recall rates for 
screening with DM and for screening 
with DBT and SM, combined with a 
higher value of both PPV-1 and PPV-3 
for screening with DBT and SM, may 
indicate that screening with DBT and 
SM is a more effective screening tool 
than screening with DM.

An important issue is the clinical 
importance of the additional cancers 
detected with DBT and SM. In general, 
cancers detected with DBT and SM 
had smaller tumor diameter and were 
of a lower histologic grade than were 
those detected with DM. The rates of 
histologic grade 1 invasive cancers dif-
fered significantly, while the rates did 
not differ significantly for grade 2 or 3 
invasive cancers. Furthermore, the pro-
portion of tubular carcinomas, which 
usually represent less aggressive inva-
sive carcinomas, was significantly high-
er in the DBT and SM group than in the 
DM group. The percentage of invasive 
ductal carcinoma grade 1 and tubular 
carcinoma combined was also higher in 
the DBT and SM group than in the DM 
group (Table E3 [online]). These re-
sults suggest increased detection of less 
aggressive invasive tumors when using 
DBT and SM compared with DM.

Figure 1

Figure 1: Screening mammograms of the left breast in a 51-year-old woman. Bottom images 
are magnifications and show the suspicious findings. A, Synthetic two-dimensional image shows 
normal dense breast parenchyma, except for a few nonspecific microcalcifications. B, Digital breast 
tomosynthesis image shows a desmoplastic reaction (architectural distortion) that is highly suspicious 
for malignancy anterior to the fine microcalcifications. Histologic analysis revealed ductal carcinoma in 
situ (grade 3, 12-mm diameter).

with DBT and SM in other studies 
(14,15,17). We identified a signifi-
cantly higher detection rate for both 

invasive breast cancer and DCIS among 
women screened with DBT and SM. 
The increased DCIS detection rate was 
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study period, as well as during the pre- 
and poststudy period, are necessary to 
fully understand and describe the is-
sue of potential overdiagnosis. Results 
from several ongoing studies, including 
the large National Cancer Institute– 
sponsored Tomosynthesis Mammog-
raphy Imaging Screening Trial (https://
ClinicalTrials.gov/NCT03233191) may 
address these questions and help fill 
existing knowledge gaps related to use 
of DBT in screening for breast cancer. 
Furthermore, studies using equipment 
from other vendors may be needed to 
generalize our findings of increased 
sensitivity of DBT and SM.

Our study had some limitations. The 
three different breast centers repre-
sented different geographic areas with 
different screening and mammographic 
units; furthermore, these breast cen-
ters had a variety of radiologists and 
pathologists who interpreted images 
and pathologic findings at various work-
stations. The centers had comparable 
cancer detection rates in the prestudy 
period (date range, 2007–2009). The 
breast imaging experience level of the 
interpreting radiologists was generally 
high; however, experience with inter-
pretation of DBT and SM images was 
variable. The majority of radiologists in 
the DM group performed screen read-
ing before and during the study period. 
This was not the case in Oslo, where 
radiologists used DBT and SM and 
where the majority of radiologists had 
limited or no experience with DBT and 
SM screen reading. The most plausible 
harm from limited experience is in-
creased interpretation time, increased 
recall rate, and decreased detection 
rate. This could indicate that the results 
would have differed even more for DM 
when compared with combined DBT 
and SM if only radiologists trained in 
DBT reading had been included.

The local pathologists examined 
each breast biopsy sample at their lo-
cal center and made a diagnosis with-
out any consensus. This procedure 
might represent a limitation; however, 
recent studies have shown acceptable 
agreement in local versus central-
ized breast pathology interpretations 
(24,25). Interreader variability among 

cancer-related death. Future studies 
exploring breast tumor growth and with 
access to long-term clinical follow-up 
data are needed to fully understand the 
complex issue related to detection and 
treatment of small slow-growing breast 
tumors associated with DBT and SM 
screening. Analysis and comparison 
of rates of interval breast cancer in 
women screened with DBT and SM and 
in those screened with DM during the 

Detection of small and lower-grade 
tumors is sometimes referred to as over-
diagnosis, and these lesions usually re-
quire less aggressive treatment than do 
larger higher-grade tumors. Some pro-
portion of these tumors, however, may 
represent breast cancers that would 
otherwise not have become clinically 
apparent during a woman’s lifetime, and 
detection and treatment of these can-
cers might not save women from breast 

Figure 2

Figure 2: Screening mammograms of the left breast in a 56-year-old-woman. Bottom images 
are magnifications and show the suspicious findings. A, Synthetic two-dimensional image 
shows segmental calcifications suspicious for ductal carcinoma in situ and a nonspecific round 
density. B, Digital breast tomosynthesis image shows a round mass with slightly spiculated 
margins consistent with breast cancer. The microcalcifications are highlighted and are better 
perceived on synthetic two-dimensional mammograms. Histologic analysis revealed invasive 
ductal carcinoma (grade 2, 6-mm diameter) posteriorly and ductal carcinoma in situ (grade 3, 
25-mm diameter) anteriorly.
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be more favorable in tumors detected 
with DBT and SM than in those de-
tected with DM. A future investigation 
with long-term clinical follow-up data 
is needed to determine differences in 
the rate of interval breast cancer, dif-
ferences in tumor characteristics, and 
differences in survival data for screen-
ing with DBT and SM compared with 
screening with DM.
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