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Abstract
Objectives To retrospectively investigate early performance measures of digital breast tomosynthesis (DBT) versus standard
digital mammography (DM) for consecutive screening rounds.
Methods We included information about 35,736 women screened in BreastScreen Norway, 2008–2016, with at least two consecutive
screening examinations. The pair of two consecutive screening examinations was the unit of analysis, and results from the subsequent
examination were the measure of interest. Screening technique changed during the study period, resulting in four study groups: DM
after DM, DBTafter DM, DM after DBT, and DBTafter DBT.We compared selected early performance measures between the study
groups.
Results Recall for DM after DM was 3.6% and lower for all other study groups (p < 0.001). The rate of screen-detected breast
cancer was 4.6/1000 for DM after DM; for DBT after DM and DBT after DBT, it was 9.9/1000 and 8.3/1000, respectively
(p < 0.001 relative to DM after DM), and for DM after DBT 4.3/1000. The rate of tubular carcinoma was higher for DBT after
DBT or after DM compared with DM after DM (p < 0.01). The rate of histologic grade 1 tumors was higher for DBT after DM
compared with DM after DM (p < 0.001). We did not observe any statistical difference in the interval cancer rates.
Conclusions Lower recall and higher cancer detection rates for screening with DBT were sustainable over two consecutive
screening rounds. Positive predictive values were higher for DBT than DM. There were no differences in the interval cancer
rates between the study groups.
Key Points
• There is limited knowledge about early performance measures for screening with digital breast tomosynthesis beyond one
screening round.

• A decline in recall rate and an incline in the rate of screen-detected breast cancer were observed for women screened with DBT
compared with DM, irrespective of prior screening technique. The interval breast cancer rate did not differ statistically for
women screened with DBT versus DM.

• Tumor characteristics tended to be prognostic favorable for DBTcompared with DM with no differences in rates of more advanced
cancers. The clinical significance of increased cancer detection and the potential for future mortality reduction remain unknown.
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Abbreviations
CC Craniocaudal
DBT Digital breast tomosynthesis
DCIS Ductal carcinoma in situ
DM Digital mammography
ER Estrogen receptor
FN False negative
FP False positive
HER2 Human epidermal growth factor receptor 2
IDC Invasive ductal carcinoma
ILC Invasive lobular carcinoma
ITC Invasive tubular carcinoma
MLO Mediolateral oblique
OTST Oslo Tomosynthesis Screening Trial
OVVV-study Oslo-Vestfold-Vestre Viken study
PPV Positive predictive value
PR Progesterone receptor
SM Synthetic mammogram
STORM Screening with Tomosynthesis OR

standard Mammography
TN True negative
TP True positive

Introduction

Digital breast tomosynthesis (DBT) has been claimed to be a
more sensitive screening tool than standard digital mammog-
raphy (DM) due to an increased rate of screen-detected breast
cancer [1–5]. The effect of DBT on recall rates has varied,
probably due to the different screening regimes and logistics
[2–7]. The limited numbers of studies reporting interval breast
cancer have not been able to show any substantial difference
between the two techniques [8, 9]. In addition, the increase of
screen-detected breast cancer has raised the question about
tumor characteristics and clinical significance related to
screening with DBT [8, 10].

In most screening studies, DBT has been used in combina-
tion with DM (DM+DBT) [11], which has led to concerns
about the radiation dose, as the dose is almost double that of
standard DM [1]. To overcome this problem, vendors have
developed an algorithm for reconstructing synthetic two-
dimensional images from the raw DBT data (SM). SM seems
to equal DM in combination with DBT regarding cancer de-
tection [5, 12–14].

Most studies on screening using DBT have been performed
as paired or unpaired studies [2] with only one, a prevalent
screening examination with DBT, per woman. However, in a
screening setting, early performance measures in subsequent
screening rounds with DBT are of substantial interest.
McDonald et al [15] evaluated the effect of DBT in subse-
quent rounds and reported sustainable rates of recalls and
screen-detected breast cancer, as well as a reduction in interval

breast cancer. The impact of DBTon recall rate is less obvious
in studies from Europe versus the USA, due to a generally
lower rate, different study designs, as well as screening tech-
niques [1–4, 7, 16]. Further studies, including subsequent
screening examinations with DBT, also from Europe, are thus
needed.

In BreastScreen Norway, DBT has been used in two differ-
ent study settings in the Oslo region: the Oslo Tomosynthesis
Screening Trial [4] and Oslo-Vestfold-Vestre Viken study
(OVVV-study) [17]. Taking advantage of these studies, we
were able to provide novel information on the impact of
DBT used in consecutive screening rounds and for different
combinations of prior and subsequent screening techniques.
The primary objective of our study was to compare early
performance measures as recall, screen-detected, and interval
breast cancer in consecutive screening rounds with DBT and
DM, including results of prognostic and predictive tumor
characteristics.

Materials and methods

This retrospective study was based on data from BreastScreen
Norway. The screening program is administered by the
Cancer Registry of Norway [18] and thus covered by the
Cancer Registry Regulation, giving approval with waiver of
informed consent to perform studies based on the data collect-
ed in the program [19]. The OTST and OVVV-study were
covered by approvals from the Regional Ethical Committee
for Medical and Health Research Ethics and the Institutional
Data Protection Officer, respectively.

BreastScreen Norway is described in detail elsewhere [18].
In short, the program is population-based, offering women
aged 50–69 two-viewmammographic screening every second
year. The screening procedure includes independent double
reading with consensus or arbitration. In this study, screen
reading was performed by radiologists with varying experi-
ences in breast imaging and screen reading, from beginners to
more than 20 years of experience (Appendix 1).

The study population included 35,736 women, all screened
in Oslo as part of BreastScreen Norway, within the study
period, from 2008 to 2016. All women screened with at least
two consecutive screening examinations during this period
were eligible for inclusion. One observation/unit of analysis
included a pair of two consecutive screening examinations.
The screening result of the first examination in the pair was
either negative or positive with a negative assessment, while
the screening result of the consecutive examination was the
outcome of interest. Some women (n = 19,498) were screened
more than twice during the study period and may thus con-
tribute with more than one observation. In total, 69,624 obser-
vations were included in the study.
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The screening techniques varied during the study period.
Standard DM was used as a screening technique in 2008,
2009, 2010, 2013, and 2016, DM+DBT in 2011 and 2012,
and SM+DBT in 2014 and 2015. GE Senographe and GE
Seno Advantage Workstation were used from 2008 to
August 2010 (DM), and Hologic Selenia Dimensions and
Secureview Hologic Workstation from 2010 to the end of
the study period (for DM, for DM+DBT, and for SM+DBT).

Four study groups were established. We conditioned on the
prior screening technique when creating the four groups,
while results from the subsequent screening examination were
the measures of interest in this study. The “DM after DM”
group consisted of the pair of two consecutive screening
exams with DM. A pair of two consecutive screening exams
including a prior DM and a consecutive DBT was the group
“DBT after DM.” A pair of two consecutive screening exams
with DBTwas the “DBTafter DBT” group, while the pair of a
prior DBT and a consecutive DM represented the group “DM
after DBT” (Fig. 1).

All screening examinations included two views, craniocaudal
(CC) andmediolateral-oblique (MLO), of both breasts. For those
with a prior DBT, images were available at screen reading and/or
consensus in addition to prior DM images. We analyzed the data
on screening examination level and assumed independence be-
tween the observations. To test this assumption, Pearson’s corre-
lation coefficients for recall rate and rates of screen-detected and
interval breast cancer were estimated.

Recall rate was defined as the percentage of screening ex-
aminations resulting in a call back for further assessment due
to abnormal mammographic findings among all screening ex-
aminations performed in the actual study group. Rates of
screen-detected and interval breast cancer were estimated as
the number of screen-detected or interval breast cancer, inva-
sive or ductal carcinoma in situ (DCIS), per 1000 screening
examinations, for each study group. Rates were given for
DCIS and invasive breast cancer separately and in total.
Interval breast cancer was defined as breast cancer diagnosed
after a negative screening examination or > 6 months after a

false-positive screening result and within 2 years after the last
screening examination [20]. Due to the requirement of 2-year
follow-up, interval breast cancer rates will be given for wom-
en subsequently screened in 2014 or earlier (n = 44,515
screening examinations). Accordingly, women screened with
SM+DBT after DM and with DM after SM+DBT are not
included in the analyses of interval breast cancer (Table 1).

Women diagnosed with screen-detected breast cancer were
considered true-positives (TP) while women diagnosed with
interval breast cancer were considered false-negative (FN).
Women screened and recalled, but not diagnosed with breast
cancer, were false-positive (FP) while women with a negative
screening examination without interval breast cancer were
true-negative (TN). Sensitivity was defined as TP/(TP+FN)
and specificity as TN/(TN+FP). Positive predictive value for
recall (PPV-1) was estimated as the number of exams resulting
in a diagnosis of screen-detected breast cancer divided by the
total number of recalls within each study group.

We performed descriptive analyses and present prognostic
(histological type and grade, tumor diameter, and lymph node
involvement) and predictive (molecular subtypes) tumor char-
acteristics as rates per 1000 women screened for screen-
detected and interval breast cancers.

All results are given separately for SM and for DM in
combination with DBT—six groups—in Appendices 2 and 3.

The differences between groups were tested using t tests,
chi-square test, and test of proportions. A p value below 0.05
was considered statistically significant. We used the
Bonferroni correction when appropriate. Statistical analyses
were performed using IBM SPSS Statistics version 25.

Results

Themean andmedian age of the women at subsequent screen-
ing examination was 60.5 (range 60.3–60.7) and 60.0 years
(range 60.0–61.0), respectively (Table 1).

Fig. 1 Four study groups
showing pairs with different
combinations of prior and
subsequent screening technique.
The subsequent examination in
each pair occurs 2 years after the
prior examination
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Recall for women screened with DM after DM was 3.6%,
higher than for all other study groups (p < 0.001) (Table 1).
The lowest recall, 1.9%, was observed among women with
two consecutive DBT examinations. The recall for DM after
DBT of 2.2% was significantly lower than for DBT after DM
(2.7%, p < 0.001).

The rate of screen-detected breast cancer was 4.6/1000
screens for DM after DM (Table 1). For DBT after DM, it
was 9.9/1000 screens, and for two consecutive DBTs, 8.3/
1000 screens (p < 0.001 for both, compared with DM after
DM). For those screened with DM after DBT, the rate of
screen-detected breast cancer was 4.3/1000 screens
(p < 0.001 compared with DBT after DM or DBT).The detec-
tion rate of DCIS was higher for both DBT after DM (1.6/

1000) and DBT after DBT (1.8/1000) compared with DM
after DBT (0.5/1000 screens, p < 0.001 for both).

PPV-1 ranged from 12.9% (DM after DM) to 43.5% (DBT
after DBT, p < 0.001) (Table 1). PPV-1 was higher for DM
after DBT compared with DM after DM (p < 0.05).

The rates of interval breast cancer ranged from 1.9 to 3.0/
1000, with no statistically significant differences between
groups (Table 1). The sensitivity ranged from 63% (DM after
DBT) to 84% (DBT after DM) and specificity ranged from
97% (DM after DM) to 99% (DBT after DBT).

The rate of invasive ductal carcinoma was 6.4/1000 for
women screened with DBT after DM, compared with 2.5/
1000 for those screened with DM after DM, p < 0.001 and
statistically significant after the Bonferroni correction. The

Table 1 Age (mean and median), recalls (%), screen-detected and
interval breast cancer (per 1000 screened), positive predictive value of
recalls (PPV-1, %), sensitivity (%), and specificity (%) among women

subsequently screened with different combinations of screening
techniques in Oslo as part of BreastScreen Norway, 2010–2016

Subsequently screened 2010–2016

DM after DM DBT after DM DBT after DBT DM after DBT Total

n = 10,502 n = 29,692 n = 8799 n = 20,631 n = 69,624

Age at screening (years)

Mean (SD) 60.5 5.1 60.7 5.1 60.3 5.4 60.2 5.2 60.5 5.2

Median (IQR) 61 (56–65) 60 (56–65) 60 (55–65) 60 (56–65) 60 (56–65)

Recalled (%) 373 3.6 801 2.71 168 1.91,2 444 2.2 1,2 1786 2.6

Screen-detected cancer (per 1000 screened)

DCIS 9 0.9 47 1.65 16 1.85 10 0.5 83 1.2

Invasive 39 3.7 248 8.4 57 6.5 79 3.8 422 6.1

Total 48 4.6 295 9.91 73 8.31 89 4.32,3 505 7.3

PPV-1 (%) 12.9 36.41 43.51 20.02,3,4 28.1

Subsequently screened 2010–2014 with 2-year follow-up

DM after DM DBT after DM DBT after DBT DM after DBT Total

n = 10,502 n = 16,633 n = 8799 n = 8580 n = 44,514

Interval breast cancer (per 1000 screened)

DCIS 1 0.1 1 0.06 0 0.0 3 0.4 5 0.1

Invasive 22 2.1 31 1.9 18 2.1 23 2.3 94 2.1

Total 23 2.2 32 1.9 18 2.1 26 3.0 99 2.2

Sensitivity (%) 67.6 83.7 80.2 62.9 76.9

Specificity (%) 96.9 98.0 98.9 98.6 98.0

Total 2-year cancer incidence (screen-detected and interval breast cancer)

DM after DM DBT after DM DBT after DBT DM after DBT Total

n = 10,502 n = 16,633 n = 8799 n = 8580 n = 44,514

SDC (rates per 1000) 48 4.6 164 9.9 73 8.3 44 5.1 329 7.4

IBC (rates per 1000) 23 2.2 32 1.9 18 2.1 26 3.0 99 2.2

Total (rates per 1000) 71 6.8 196 11.81 91 10.34 70 8.26 428 9.6

1 p = <0.001 compared with DM after DM
2 p = <0.001 compared with DBT after DM
3 p < 0.001 compared with DBT after DBT
4 p < 0.05 compared with DM after DM
5 p < 0.001 compared with DM after DBT
6 p < 0.05 compared with DBT after DM
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rate of IDC in the DBT after DBT group was 4.8/1000
(p < 0.01 compared with DM after DM), and 3.2/1000 in the
DBT after DM group. As for invasive tubular carcinoma, the
highest rates were observed for DBTafter DM (0.7/1000) and
DBTafter DBT (0.8/1000), compared with none for DM after
DM, p < 0.01 for both. No differences in mean and median
tumor diameter were observed between groups. The rate of
tumors < 10 mm was 3.3/1000 in the DBT after DBT group
compared with 1.5/1000 in the DM after DM group (p < 0.01)
and the rates for tumors 10–19 mm were 3.7/1000 and 1.1/
1000, respectively (p < 0.001). For DBT after DBT, the rates
were 2.8/1000 and 2.7/1000, respectively (p < 0.01 and
p < 0.05 compared with DM after DM). No differences in
rates of tumors > 20 mm were observed between groups
(Table 2). Further, for DBT after DM, the rates of grade 1
invasive cancer were 3.2/1000 and of grade 2 3.7/1000, com-
pared with 1.0/1000 and 1.2/1000, respectively, for DM after
DM (p < 0.001 for both). For DBT after DBT, the rates were
3.0/1000 (p < 0.01 compared with DM after DM) and 2.5/
1000 (p < 0.05 compared with DM after DM). No differences
in the rates of lymph node–positive disease or human epider-
mal growth factor receptor 2 (HER2)–positive or triple-
negative tumors were observed between groups (Table 2).

For interval breast cancers, no statistical differences in rates
of histological type, tumor diameter grade, or molecular sub-
types were observed when the Bonferroni correction was ap-
plied (Table 3).

Recalls and screen-detected breast cancer, and PPV-1 for
DM/SM+DBT after DM, were in accordance with the com-
bined DBTafter DM group (Appendix 2). This also applied to
DM after DM/SM+DBT and the combined DM after DBT
group. The groups including SM+DBT tended to be of lower
grade compared with groups including DM+DBT; otherwise,
no statistical differences regarding histopathological charac-
teristics were observed (Appendix 3).

The estimated Pearson correlation coefficients were at most
0.06 for recall and 0.01 for screen-detected and interval breast
cancer (results not shown in table).

Discussion

We found a lower recall among women screened with DBT
after DM compared with DM after DM, but even lower
among those with a prior DBT (DM or DBT after DBT).
The highest rates of screen-detected breast cancer were ob-
served among women screened with DBT after DM or con-
secutive DBTs. PPV-1 was highest for DBT after DBT and
lowest for DM after DM. Further, higher rates of invasive
tubular carcinomas, tumors < 20 mm, grade 1 and grade 2
tumors, and luminal A and luminal B HER2-negative sub-
types were observed for women screened with DBT after
DM or after two consecutive DBTs. No statistical differences

in the rate of interval breast cancer were observed between the
study groups.

A significantly lower recall for those with a prior DBT than
for those with a prior DM may indicate that the availability of
prior DBT examinations at screen reading and/or consensus
lowers the probability of recall, possibly due to a large amount
of image information available. Additionally, apparent suspi-
cious findings on screening images could be explained by the
superimposition of overlapping tissue when compared with
prior DBT images, resulting in a negative screening interpre-
tation. A learning effect as the radiologists were becoming
more experienced with DBT during the study period may also
be considered.

The highest rates of screen-detected cancer were observed in
the groups screenedwith DBTafter a prior DM. This increase is
in line with the results from other studies [3, 5, 7] and might be
partly attributed to the increased conspicuity of lesions and
reduced masking of overlapping tissues by DBT [1]. Further,
tumors may be diagnosed at an earlier stage than in the absence
of DBT, thereby prolonging the lead-time. Based on this, the
question whether the increased detection rate is only transient
may be raised. In our study, the increased rate of screen-
detected breast cancer sustained two screening rounds.
However, the detection rate for DBT after DBT tended to be
lower than for DBT after DM, though not statistically signifi-
cant. Follow-up through several subsequent screening rounds is
needed to evaluate whether the increased cancer detection rate
observed for DBT is transient and due to extended lead-time.

An interesting question when screening with DBT is do
the excess in the number of tumors represent “killing can-
cers,” or small and less aggressive tumors of inferior clinical
significance? Studies are showing conflicting results regard-
ing that topic [4, 7, 17, 21]. We found increased rates of
invasive tubular carcinomas, tumors < 20 mm, histologic
grade 1 and 2 tumors, and tumors with favorable lymph node
status and molecular subtypes for women screened with DBT
compared with DM, while no differences in rates of tumors
> 20 mm, histologic grade 3 tumors, lymph node–positive,
HER2-positive, or triple-negative tumors were observed.
The detection rate of DCIS was also statistically higher
among those screened with DBT compared with DM after
DBT, but not compared with DM after DM, though the num-
bers are small. This study was not designed to investigate
overdiagnosis, but our findings show that the excess cancers
diagnosed with DBT seem to be less aggressive tumors. We
cannot definitely conclude about the clinical implications of
the increased rate of cancers diagnosed by DBT. However,
having the debate of overdiagnosis in mind, that is the detec-
tion of small, less aggressive tumors which would possibly
not have been diagnosed or come to a clinical appearance in
the women’s lifetime in the absence of screening, DBT may
contribute in that direction. Further studies in this regard are
needed. Additionally, studies on even more stratified
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histopathological analyses and treatment options will bring
valuable information into this debate.

In our study, PPV-1 was significantly higher among those
screened with DBT; thus, the rate of false-positives was lower.
In addition to a lower recall in general among those screened
with DBT, this is beneficial both to the screenedwomen and to
society due to a reduced burden of false-positive screening
results [1]. The highest value of PPV-1 was observed among
those with two consecutive DBTs, mainly due to the very low
recall rate in this study group.

Interval breast cancer is essential when evaluating the ef-
fectiveness of a new screening technique [1, 15]. The results
from the OTST (Oslo Tomosynthesis Screening Trial) and the
STORM (Screening with Tomosynthesis OR standard
Mammography) trial did not show any reduction in the inter-
val breast cancers among those screened with DBT compared
with DM [8, 9]. Our results support these findings. However,
an obvious limitation of the results is the small number of
cancer cases. Further studies including analyses of interval
breast cancer after screening with DBT are thus needed.

Table 2 Screen-detected cancer. Histopathological characteristics of invasive tumor among women screened with different combinations of screening
techniques in Oslo as part of BreastScreen Norway, 2010–2016. Rates per 1000 screened women

DM after DM DBT after DM DBT after DBT DM after DBT Total

n = 39 n = 248 n = 57 n = 79 n = 423

n per 1000 n per 1000 n per 1000 n per 1000 n per 1000

Histopathological type

IDC 26 2.48 191 6.431 42 4.772 65 3.15 324 4.65

ILC 12 1.14 28 0.94 7 0.80 6 0.292 53 0.76

ITC 0 0 22 0.742 7 0.802 3 0.15 32 0.46

Other inv 1 0.10 7 0.24 1 0.11 5 0.24 14 0.20

Tumor diameter (mm)

Mean (SD) 15.2 (10.7) 13.3 (10.1) 12.2 (8.7) 12.2 (10.7) 13.1 (10.1)

Median (IQR) 12 (7–24) 11 (7–15) 11 (7–14) 10 (6–15) 11 (7–15)

< 10 mm 16 1.52 99 3.332 25 2.843 34 1.65 174 2.50

10–19 mm 11 1.05 111 3.741 24 2.732 34 1.65 180 2.58

20–29 mm 8 0.76 22 0.74 2 0.23 6 0.29 38 0.55

30 mm+ 4 0.38 13 0.44 6 0.68 3 0.15 26 0.37

Not available 0 3 0 2 5

Grade

1 10 0.95 94 3.171 26 2.952 21 1.02 151 2.17

2 13 1.24 111 3.741 22 2.503 42 2.04 188 2.70

3 16 1.52 38 1.28 9 1.02 16 0.78 79 1.13

Not available 0 5 0 0 5

Lymph node

Negative 33 3.14 202 6.801 43 4.89 64 3.10 342 4.91

Positive 6 0.57 38 1.28 11 1.25 13 0.63 68 0.98

Not available 0 8 3 2 13 0.19

Subtype

Luminal A 22 2.09 180 6.061 35 3.983 56 2.71 293 4.21

Luminal B, HER2− 5 0.48 37 1.253 16 1.822 14 0.68 72 1.03

Luminal B, HER2+ 3 0.29 7 0.24 1 0.11 1 0.05 12 0.17

HER2 2 0.19 2 0.07 0 0 3 0.15 7 0.10

Triple negative 7 0.67 14 0.47 1 0.11 5 0.24 27 0.39

Not available 0 8 4 12

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ITC, invasive tubular carcinoma. p-values calculated with DM after DM as reference
1 p < 0.001 compared with DM after DM, statistically significant after Bonferroni correction
2 p < 0.01 compared with DM after DM
3 p < 0.05 compared with DM after DM
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The combination of DM after DM/SM+DBT into one
study group and DM/SM+DBT after DM into one group cre-
ates some heterogeneity within the groups. However, this
combination had a minor influence on the results for recall
rates, cancer detection rates, and PPV (Appendix 2). This is
in accordance with the results from other studies, showing
comparable results for DM and SM with regard to early per-
formance measures [5, 12]. Tumors detected with SM+DBT
tended to be of lower histologic grade compared with DM+
DBT; otherwise, no differences regarding histopathological
characteristics were observed between SM+DBT and DM+

DBT (Appendix 3). As SM+DBT is now preferred to DM+
DBT in screening because of radiation concerns [5, 17, 22],
these differences are not considered of major importance in
the interpretation of the overall results.

Our study had some limitations. The total time-span of the
study was 8 years (2008–2016) resulting in a high number of
radiologists with different experience in screen reading, particu-
larly with DBT (Appendix 1). Further, the study groups were
screened at different time periods, which might influence the
results, among others, because of the change of mammographic
equipment and reading environments. There was also some

Table 3 Interval breast cancer. Histopathological characteristics of invasive tumor among women screened with different combinations of screening
techniques in Oslo as part of BreastScreen Norway, screened 2010–2014, with 2-year follow-up. Rates per 1000 screened women

DM after DM DBT after DM DBT after DBT DM after DBT

n = 22 n = 31 n = 18 n = 23

n per 1000 n per 1000 n per 1000 n per 1000

Histopathological type

IDC 18 1.71 26 1.56 18 2.05 15 1.75

ILC 4 0.38 4 0.24 0 4 0.47

ITC 0 0 0 0

Other inv 0 1 0.06 0 4 0.472

Tumor diameter (mm)

Mean (SD) 21.3 (11.8) 26.0 (16.6) 18.0 (6.6) 18.2 (8.4)

Median (IQR) 19 (12–25) 23.5 (15–35) 16.5 (13–24) 15 (12–25)

< 10 mm 2 0.19 5 0.30 2 0.23 2 0.23

10–19 mm 9 0.86 7 0.42 8 0.91 11 1.28

20–29 mm 6 0.57 9 0.54 7 0.80 2 0.23

30 mm+ 4 0.38 9 0.54 1 0.11 4 0.47

Not available 1 1 0 4

Grade

1 7 0.67 1 0.061 2 0.23 2 0.23

2 13 1.24 17 1.02 7 0.80 12 1.40

3 2 0.19 12 0.72 9 1.022 8 0.932

Not available 0 1 0 1

Lymph node

Negative 12 1.14 18 1.08 14 1.59 17 1.98

Positive 10 0.95 12 0.72 4 0.45 4 0.47

Not available 0 1 0 2

Subtype

Luminal A 11 1.05 13 0.78 11 1.25 10 1.17

Luminal B, HER2− 6 0.57 6 0.36 2 0.23 7 0.82

Luminal B, HER2+ 0 3 0.18 0 1 0.12

HER2 1 0.10 6 0.36 2 0.23 3 0.35

Triple negative 0 3 0.18 2 0.23 0

Not available 4 0 1 2

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ITC, invasive tubular carcinoma. p-values calculated with DM after DM as reference
1 p < 0.01 compared with DM after DM, not significant after Bonferroni correction
2 p < 0.05 compared with DM after DM, not significant after Bonferroni correction
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heterogeneity regarding the women comprising the groups as
some contributed with more than one observation in the study
population. However, the correlation coefficients were estimated
to be at most 0.06 for recalls and 0.01 for screen-detected and
interval breast cancer; thus, the dependency between observa-
tions was considered minor. Furthermore, the number of prior
screening examinations available at screen reading and consen-
sus may vary. Lastly, the study was performed in Oslo, which
represents a small geographical area with a relatively large pop-
ulation—45,000 women in the target group of the screening
program. The women represent a heterogeneous population in-
cluding women who have moved to Oslo from all parts of
Norway, as well as about 20% immigrants [23].

To conclude, our study showed that recall remained lower and
screen-detected breast cancer higher for consecutive screening
examinations with DBT versus standard DM. We observed
higher rates of tumors with smaller tumor diameter and more
favorable histological grade and molecular subtype, for tumors
detected with DBT compared with DM, while no differences in
rates of larger and histologic grade 3 tumors were observed. This
questions the clinical implications of the increased detection rate.
Whether our results remain stable over several more screening
rounds is yet to be investigated. Both a long-term increased rate
of screen-detected breast cancer, as well as a reduction in the rate
of interval breast cancer, is crucial when considering DBT as a
sustainable andmore effective tool for mammographic screening
than standard DM alone.
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