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Abstract
Objectives To analyze rates, odds ratios (OR), and characteristics of screen-detected and interval cancers after concordant and
discordant initial interpretations and consensus in a population-based screening program.
Methods Data were extracted from the Cancer Registry of Norway for 487,118 women who participated in BreastScreen
Norway, 2006–2017, with 2 years of follow-up. All mammograms were independently interpreted by two radiologists, using
a score from 1 (negative) to 5 (high suspicion of cancer). A score of 2+ by one of the two radiologists was defined as discordant
and 2+ by both radiologists as concordant positive. Consensus was performed on all discordant and concordant positive, with
decisions of recall for further assessment or dismiss. OR was estimated with logistic regression with 95% confidence interval
(CI), and histopathological tumor characteristics were analyzed for screen-detected and interval cancer.
Results Among screen-detected cancers, 23.0% (697/3024) had discordant scores, while 12.8% (117/911) of the interval cancers
were dismissed at index screening. Adjusted OR was 2.4 (95% CI: 1.9–2.9) for interval cancer and 2.8 (95% CI: 2.5–3.2) for
subsequent screen-detected cancer for women dismissed at consensus compared to women with concordant negative scores. We
found 3.4% (4/117) of the interval cancers diagnosed after being dismissed to be DCIS, compared to 20.3% (12/59) of those with
false-positive result after index screening.
Conclusion Twenty-three percent of the screen-detected cancers was scored negative by one of the two radiologists. A higher
odds of interval and subsequent screen-detected cancer was observed among women dismissed at consensus compared to
concordant negative scores. Our findings indicate a benefit of personalized follow-up.
Key Points
• In this study of 487,118 women participating in a screening program using independent double reading with consensus, 23%
screen-detected cancers were detected by only one of the two radiologists.

• The adjusted odds ratio for interval cancer was 2.4 (95% confidence interval: 1.9, 2.9) for cases dismissed at consensus using
concordant negative interpretations as the reference.

• Interval cancers diagnosed after being dismissed at consensus or after concordant negative scores had clinically less favorable
prognostic tumor characteristics compared to those diagnosed after false-positive results.
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Abbreviations
AI Artificial intelligence
CI Confidence interval
DCIS Ductal carcinoma in situ
ER Estrogen receptor
Her2 Human epidermal growth factor receptor 2
IQR Interquartile range
OR Odds ratio
PR Progesterone receptor

Introduction

Mammographic screening is shown to reduce mortality
from breast cancer and is recommended by international
health organizations [1, 2]. However, the identification of
asymptomatic breast cancers presenting as subtle mammo-
graphic findings are challenging, with 20–25% of interval
cancers reported to be visible at prior mammograms in in-
formed reviews [3]. Studies from Europe have shown that
double reading increased the rate of screen-detected cancer
[4]. The recall rate has been shown to be higher for double
reading without consensus or arbitration meeting [5], but
lower if double reading was followed by consensus or ar-
bitration meeting [6], compared with single reading.
European guidelines and the European Commission
Initiative on Breast Cancer suggest double reading with
consensus or arbitration, but do not specify if double read-
ing should be independent or not [1, 7].

Women with false-positive screening results in double-
reading programs are shown to have increased risk of interval
cancer and cancer detected in the consecutive screening round
[8]. However, less is known about the risk of interval cancer
among women with screening examinations discussed and
dismissed at consensus as well as the prognostic characteris-
tics of such tumors. Two studies have reported a higher inter-
val cancer rate after being dismissed at consensus compared to
those with concordant negative screening results [9, 10]. To
examine this, we obtained data collected as a part of
BreastScreen Norway, which provides detailed information
about the radiologists’ interpretation at both initial screening
and consensus, as well as the screening outcome. In this study,
we aimed to analyze the odds of screen-detected, interval, and
subsequent screen-detected cancer by initial interpretation
scores and consensus. Furthermore, we described differences
in histopathologic tumor characteristics by screening and con-
sensus interpretations.

Materials and methods

This retrospective cohort study was approved by the data
protection official at Oslo University Hospital (20/12601).

The data was disclosed with legal bases in the Norwegian
Cancer Registry Regulations of 21 December 2001 No. 47
[11].

BreastScreen Norway is a population-based screening
program which started in 1996 and invites all women
aged 50–69 to biennial two-view mammography. The
program is described in detail elsewhere [12]. Briefly,
the Cancer Registry of Norway administers the program
and collects information about screening examinations,
recalls, diagnostic work-ups, treatment, and surveillance.
Digital mammography replaced screen-film mammogra-
phy gradually from 2004, and all women have been
offered digital mammography since 2011. During the
first 20 years of the screening program, the annual par-
ticipation rate in the screening program was 75%, the
consensus rate 7%, and the recall rate 3.8%. The rate of
screen-detected cancer was 5.9 per 1000 screening ex-
aminations and the interval cancer rate 1.8 per 1000
examinations.

Independent double reading with consensus is stan-
dard practice in BreastScreen Norway. Each breast is
assigned a score from 1 to 5 by each radiologist, where
1 indicates normal findings; 2 probably benign; 3 inter-
mediate suspicion; 4 probably malignant; and 5 high
suspicion of malignancy. If both radiologists give a score
of 1, the screening examination is considered negative. If
either radiologist assigns a score of 2 or higher for one or
both breasts, the exam is discussed in consensus to de-
termine whether to recall the woman for further assess-
ment (recall) or not (dismiss). If consensus is not met by
the two radiologists, a third is consulted. Examinations
dismissed at consensus are considered screen-negative.
We defined discordant interpretation as a score of 1 by
one of two radiologists and 2 or higher by the other. A
score of 2 or higher by both radiologists was defined as
concordant positive, while a score of 1 by both radiolo-
gists was considered concordant negative. During the
study period, 2006–2019, 196 radiologists were regis-
tered as readers in the program. The median annual av-
erage interpretations per radiologist were 2992 examina-
tions (interquartile range (IQR): 1357–5327).

The study sample included women without a history of
breast cancer, screened with standard digital mammography
within the study period. To ensure availability of prior digital
mammograms for comparison at the time of interpretation, the
study period started 2 years after implementation of digital
mammography at the 17 centers in BreastScreen Norway.
The women were followed for 2 years after index screen to
identify interval and screen-detected cancers in the consecu-
tive screening round. Index screenings were performed in
2006–2017, while subsequent screenings were performed in
2008–2019 (Fig. 1). Index screenings included women who
had their first screening (prevalent) and women with a
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previous screening (incident) in BreastScreen Norway
(Appendix, Figure 1 and 2). We excluded mammograms that
were technically inadequate (n = 495), those with registration
error or no independent double reading (n = 1018), and those
performed among women with self-reported symptoms (n =
1850).

A screen-detected cancer was defined as breast cancer
(ductal carcinoma in situ (DCIS) or invasive breast cancer)
diagnosed after a recall. If a recall was concluded negative
within 6 months after screening, the screening result was con-
sidered false positive. Interval cancer was defined as breast

cancer detected after a negative screening result or more than
6 months after a false-positive screening result and within 24
months after screening [8]. For women diagnosed with two or
more bilateral synchronous breast tumors, we included the
interpretation scores from the breast with the highest score.

Histopathologic tumor characteristics were based on
surgical specimens and included histologic type (DCIS,
invasive carcinoma no special type, invasive lobular car-
cinoma, and other types of invasive carcinomas), tumor
diameter (mm), histologic grade (grade 1–3), and lymph
node involvement. Immunohistochemical subtypes were

Exclusions
(n = 3550 women)

Missing site of the cancer                  n =          7
Technical inadequate mammograms              n =       495
Registra�on error/no independent double reading n =    1018     
Women repor�ng symptoms at screening n =    1850

Index screening examina�ons
n = 487 118 women

Screen-detected cancer: n = 3024
Interval cancers: n = 911

Subsequent screening period: 01.01.2008 - 31.12.2019

BreastScreen Norway
Index screening period: 01.01.2006 - 31.12.2017

Women screened with standard digital mammography: n = 490 688 

Subsequent screening examina�ons
n = 392 677 women

Screen-detected cancer: n = 2016 

Exclusions
(n = 94 441 women)                   

Missing site of the cancer n =           6
Technical inadequate mammograms n =     228  
Women repor�ng symptoms at screening n =     888  
More than 30 months since index-screen n = 28 100
Not invited due to upper age limit, diagnosis of breast 
cancer or end of study-period, or invited but not a�ended n = 65 219

Fig. 1 Flowchart of the study
population. Reasons for
exclusions, number of index
study population and subsequent
study population, number of
screen-detected cancers, interval
cancers, and subsequent screen-
detected cancers
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based on estrogen receptor (ER), progesterone receptor (PR),
and human epidermal growth factor receptor 2 (Her2) status,
given as Luminal A–like, Luminal B–like Her2−, Luminal
B–like Her2+, Her2+, and triple negative [13].

Statistical analysis

All analyses were conducted at the woman level rather than at
breast level to ensure clinical applicable results. We stratified
the index screening examinations by negative, discordant, and
concordant positive scores and further into dismissed and
recalled at consensus.

We used logistic regression to estimate odds of index
screen-detected, interval, and incident screen-detected cancer.
Results were presented as ORs with 95% confidence intervals
(CIs), adjusted for age and prevalent/incident screenings. Chi-
square or Fisher exact test was used to test associations be-
tween categorical variables (tumor characteristics) and discor-
dant and concordant positive scores, or negative, dismissed,
and false-positive screening results. We used the non-
parametric test for comparing tumor diameters. A significance

level of 0.05 was chosen, and all statistical analyses were
performed with Stata MP Version 17.0 (StataCorp).

Results

We obtained data about radiologist interpretation scores, con-
sensus, recall, cancer diagnosis, and histopathological tumor
characteristics for 490,688 index screened women (Fig. 1).
After exclusions, data on 487,118 women were available,
184,736 prevalent screenings (Appendix, Figure 1) and 302
382 incident screenings (Appendix, Figure 2). After exclu-
sions, 392,677 women were followed until the subsequent
screening, 2 years later (Fig. 1).

Recall rate, cancer detection rate, and rate of
discordant cancers

Independent double reading resulted in a recall rate of
4.1% (19, 780/487,118), 1.8% (8810/487,118) due to dis-
cordant and 2.3% (10, 970/487,118) due to concordant

Table 1 Crude and adjusted odds ratios with 95% confidence intervals
(CIs) of screen-detected, interval, and subsequent screen-detected cancers
in BreastScreen Norway. The exposure variables (interpretation score and

outcome of consensus) were modeled separately. The adjusted models
accounted for age and prevalent/incident attendance

Crude Adjusted

Odds ratio 95% CI p value Odds ratio 95% CI p value

Screen-detected cancer < 0.001 < 0.001

Discordant Reference Reference

Concordant positive 9.9 9.1, 10.8 11.6 10.6, 12.7

Interval cancer < 0.001 < 0.001

Concordant negative Reference Reference

Discordant 2.1 1.8, 2.6 2.2 1.8, 2.6

Concordant positive 2.1 1.5, 2.8 2.1 1.6, 2.8

Outcome of consensus at index screen < 0.001 < 0.001

Concordant negative Reference Reference

Dismissed 2.3 1.9, 2.8 2.4 1.9, 2.9

False-positive screening result 1.8 1.4, 2.3 1.8 1.4, 2.4

Subsequent screen-detected cancer < 0.001 < 0.001

Concordant negative Reference Reference

Discordant 2.3 2.0, 2.6 2.6 2.3, 2.9

Concordant positive 1.7 1.4, 2.2 2.1 1.6, 2.6

Outcome of consensus at index screen < 0.001 < 0.001

Concordant negative Reference Reference

Dismissed 2.5 2.2, 2.8 2.8 2.5, 3.2

False-positive screening result 1.4 1.2, 1.8 1.7 1.4, 2.1
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positive scores (Fig. 2). At index screening, the rate of
screen-detected cancer was 0.62% (3024/487,118),
0.14% (697/487,118) after discordant, and 0.48%
(2327/487,118) after concordant positive scores, which
means that discordant cases made up 23.0% (697/3024)
of index screen-detected cancer. Adjusted OR for screen-
detected cancer was 11.6 (95% CI: 10.6, 12.7) for cases
with concordant versus discordant scores (Table 1). The
rate of interval cancer was 0.19% (911/487,118). Among
women with interval cancer, 12.8% (117/911) were
dismissed at index screening, 6.5% (59/911) had a false-
positive screening result, and 80.7% (735/911) had con-
cordant negative scores (Fig. 2).

Among examinations dismissed at consensus, 89.3%
(27,008/30,242) had discordant scores. Adjusted OR for
interval cancer was 2.4 (95% CI: 1.9, 2.9) for those
dismissed at index screening and 1.8 (95% CI: 1.4, 2.4)
for those with a false-positive screening examination, using
concordant negative scores as reference (Table 1). The rate

of subsequent screen-detected cancer was 0.51%
(2016/392,677), where 13.7% (277/2016) were dismissed
at index screening, 4.4% (89/2016) were false-positive, and
81.8% (1650/2016) were concordant negative at index
screening (Fig. 2). Using concordant negative as reference,
adjusted OR for subsequent screen-detected cancer was 2.8
(95% CI: 2.5, 3.2) for those dismissed at index screening
and 1.7 (95% CI: 1.4, 2.1) for those with a false-positive
screening result (Table 1).

Recall rate was 7.0% (12,891/184,736) for prevalent and
2.3% (6889/302,382) for incident screenings (Appendix,
Figure 3 and 4). The rate of screen-detected cancer was
0.68% (1253/184,736) for prevalent and 0.59%
(1771/302,382) for incident screenings, while the rate of
interval cancer was 0.19% both for prevalent (349/
184,736) and incident screening examinations (562/
302,382). The proportion of discordant screen-detected
cancers was 20.0% (250/1253) for prevalent and 25.2%
(447/1771) for incident screening examinations. Among

Fig. 2 Flowchart of number of screening mammograms stratified by
results of interpretation score at index screen and outcome of
consensus. Recall rates, cancer detection rate, proportion of discordant

and concordant cancers, and number of interval cancers and subsequent
screen-detected cancers, in a population-based screening program using
independent double reading with consensus
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prevalent screening examinations, 12.3% (43/349) of inter-
val cancers and 16.0% (92/576) of subsequent screen-
detected cancers were dismissed at consensus after discor-
dant scores. Among incident screening examinations, 9.6%
(54/562) of the interval cancers and 10.5% (151/1440) of
the subsequent screen-detected cancers were dismissed af-
ter discordant scores.

Histopathological tumor characteristics

For screen-detected cancers, the proportion of DCIS was
25.3% (176/697) for discordant and 16.2% (377/2327) for
concordant positive cases (Table 2). Median tumor diameter
was 11 mm (IQR: 8–17 mm) for discordant and 14 mm (IQR:
9–20 mm) for concordant positive cancers, while the propor-
tion of lymph node involvement was 16.4% (83/505) versus
23.6% (451/1914), respectively. Luminal A–like immunohis-
tochemical subtype accounted for 69.0% (310/449) of the

discordant and 62.1% (1048/1687) of the concordant positive
screen-detected cancers.

The proportion of interval cancers that were DCIS was
3.7% (27/735) in concordant negative cases, 3.4% (4/117)
in dismissed cases, and 20.3% (12/59) for women
screened false-positive at index screening (Table 3).
Median tumor diameter was 19 mm (IQR: 13–26 mm)
in concordant negative cases, 20 mm (IQR: 14–29 mm)
in dismissed cases, and 15 mm (IQR: 11–22 mm) in cases
with false positive index screening (p value 0.089).
Lymph node positive cancers were 39.9% (268/672) in
concordant negative cases, 42.1% (45/107) in dismissed
cases, and 27.9% (12/43) in cases with false-positive in-
dex screening (p value 0.248).

Among subsequent screen-detected cancers, the histo-
pathological characteristics did not differ significantly
based on consensus outcome. The proportion of DCIS
was 17.4% (287/1650) for concordant negative cases,
18.1% (50/277) for dismissed cases, and 21.3% (19/89)

Table 2 Tumor characteristics of index screen-detected cancers, stratified by discordant and concordant scores in BreastScreen Norway

All
(n = 3024)

Discordant scores
(n = 697)

Concordant positive scores
(n = 2327)

p value*

Histopathological characteristics

Histopathological type < 0.001

Ductal carcinoma in situ 553 (18.3) 176 (25.3) 377 (16.2)

Invasive carcinoma of NST 2106 (69.6) 433 (62.1) 1673 (71.9)

Invasive lobular carcinoma 240 (7.9) 64 (9.2) 176 (7.6)

Other invasive carcinoma 125 (4.1) 24 (3.4) 101 (4.3)

Invasive tumors 2471 (81.7) 521 (74.8) 1950 (83.8) < 0.001

Tumor diameter, median (IQR), mm 13 (9–20) 11 (8 – 17) 14 (9 – 20) < 0.001

Data not available 52 9 43

Histological grade < 0.001

Grade 1 752 (30.8) 195 (38.0) 557 (28.9)

Grade 2 1163 (47.6) 251 (48.9) 912 (47.3)

Grade 3 528 (21.6) 67 (13.1) 461 (23.9)

Data not available 28 8 20

Lymph node positive 534 (22.1) 83 (16.4) 451 (23.6) 0.001

Data not available 52 16 36

Immunohistochemical subtypes 0.072

Luminal A–like (ER+/PR+/Her2−) 1358 (63.6) 310 (69.0) 1048 (62.1)

Luminal B–like Her2− (ER+/PR−/Her2−) 311 (14.6) 57 (12.7) 254 (15.1)

Luminal B–like Her2+ (ER+/PR±/Her2+) 264 (12.4) 44 (9.8) 220 (13.0)

Her2+ (ER−/PR−/Her2+) 87 (4.1) 19 (4.2) 68 (4.0)

Triple negative (ER−/PR−/Her2−) 116 (5.4) 19 (4.2) 97 (5.7)

Data not available 335 72 263

Unless otherwise specified, data are presented as numbers with percentage in parenthesis

IQR interquartile range, NST no special type, ER estrogen receptor, PR progesterone receptor, Her2 human epidermal growth factor receptor
*Overall p value for association between discordant/concordant scores and the different tumor characteristics
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for women with a false-positive index screening (Table 4).
For invasive cancers, the proportion of Luminal A–like
immunohistochemical subtype was 59.6% (759/1274) for
concordant negative cases, 69.2% (144/208) for dismissed
cases, and 64.5% (40/62) for false-positive cases at index
screening.

Discussion

We found that nearly a quarter (23%) of screen-detected
cancers were scored negative by one of two interpreting
radiologists in an organized screening program using

independent double reading with consensus (Figs. 3, 4,
and 5). Examinations discussed and dismissed at consen-
sus had higher odds of interval and subsequent screen-
detected cancer compared to concordant negative exam-
inations. Histopathological results indicate that interval
cancers diagnosed after being dismissed at consensus
or after concordant negative scores had less favorable
prognostic histopathologic tumor characteristics com-
pared to those diagnosed after a false-positive screening
result.

Our results showing higher odds of interval cancer after
being dismissed at consensus are in line with previous
studies [9, 10]. A study from UK reported the rate to range

Table 3 Tumor characteristics of interval cancers, stratified by negative index screening, dismissed at index screening, and false-positive screening
results in BreastScreen Norway

All
(n = 911)

Concordant negative
(n = 735)

Dismissed
(n = 117)

False-positive screening result
(n = 59)

p value*

Histopathological type < 0.001

Ductal carcinoma in situ 43 (4.7) 27 (3.7) 4 (3.4) 12 (20.3)

Invasive carcinoma NST 716 (78.6) 584 (79.5) 97 (82.9) 35 (59.3)

Invasive lobular carcinoma 122 (13.4) 99 (13.5) 13 (11.1) 10 (17.0)

Other invasive cancers 30 (3.3) 25 (3.4) 3 (2.6) 2 (3.4)

Invasive tumors 868 (95.3) 708 (96.3) 113 (96.6) 47 (79.7) < 0.001

Tumor diameter median (IQR), mm 19 (13–26) 19 (13–26) 20 (14–29) 15 (11–22) 0.089

Data not available 77 64 9 4

Histological grade 0.192

Grade 1 97 (11.6) 76 (11.1) 12 (11.2) 9 (20.0)

Grade 2 386 (46.2) 325 (47.5) 42 (39.3) 19 (42.2)

Grade 3 353 (42.2) 283 (41.4) 53 (49.5) 17 (37.8)

Data not available 32 24 6 2

Lymph node positive 325 (39.5) 268 (39.9) 45 (42.1) 12 (27.9) 0.248

Data not available 45 36 6 4

Immunohistochemical subtypes 0.286

Luminal A–like (ER+/PR+/Her2−) 355 (46.5) 1286 (46.4) 145 (43.7) 24 (55.8)

Luminal B–like Her2− (ER+/PR−/Her2−) 115 (15.1) 90 (14.6) 16 (15.5) 9 (20.9)

Luminal B–like Her2+ (ER+/PR±/Her2+) 140 (18.3) 111 (18.0) 26 (25.2) 3 (7.0)

Her2+ (ER−/PR−/Her2+) 48 (6.3) 42 (6.8) 4 (3.9) 2 (4.7)

Triple negative (ER−/PR−/Her2−) 105 (13.8) 88 (14.3) 12 (11.7) 5 (11.6)

Data not available 105 91 10 4

Unless otherwise specified, data are presented as numbers with percentage in parenthesis

IQR interquartile range, NST no special type, ER estrogen receptor, PR progesterone receptor, Her2 human epidermal growth factor receptor
*Overall p value for association between concordant negative/dismissed/false-positive screening results, and the different tumor characteristics
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from 6.1 to 7.7/1000 screening examinations, while results
from a Norwegian study ranged from 2.9 to 3.1/1000. For
comparison, the rates for negatively screened were 2.9/
1000 screening examinations in the UK and 1.7/1000 in
Norway.

A lower proportion of discordant screen-detected cancers
was observed among prevalent (20.0%) versus incident
(25.2%) screened women. This was also observed in a previ-
ous study from BreastScreen Norway, using mainly analog
mammograms [10]. Screen-detected cancers among incident
screened women have been associated with a smaller propor-
tion of advanced breast cancer compared to first-time, preva-
lent screened women [14]. However, histopathological tumor
size has been reported to be similar among prevalent and in-
cident screenings [12]. Future studies focusing on comparing

tumor characteristics between these two groups would help fill
this knowledge gap.

In this study, 7.4% of all screening examinations were dis-
cussed at consensus due to discordant scores and 75.4% of
these were dismissed at consensus. We found that 10.6% of
interval cancers and 12.1% of subsequent screen-detected
cancers were discordant cases discussed and dismissed
at consensus. In other words, 340 (1.3%) out of the
27,008 women with dismissed examinations were diag-
nosed with breast cancer within 2 years. Using a 1-year
follow-up strategy for discordant cases dismissed at con-
sensus may be one strategy for lowering the interval can-
cer rate and increasing the rate of screen-detected cancer.
However, this may also increase the recall rate and false-
positive screening rates and increase workload for

Table 4 Tumor characteristics of subsequent screen-detected cancer, stratified by negative index screening, dismissed at index screening, and false-
positive screening results in BreastScreen Norway

All (n = 2016) Concordant negative
(n = 1650)

Dismissed (n = 277) False-positive screening result
(n = 89)

p value*

Histopatological type 0.529

Ductal carcinoma in situ 356 (17.7) 287 (17.4) 50 (18.1) 19 (21.3)

Invasive carcinoma NST 1 417 (70.3) 1 172 (71.0) 187 (67.5) 58 (65.2)

Invasive lobular carcinoma 169 (8.4) 135 (8.2) 25 (9.0) 9 (10.1)

Other invasive cancers 74 (3.7) 56 (3.4) 15 (5.4) 3 (3.4)

Invasive tumors 1 660 (82.3) 1 363 (82.6) 227 (82.0) 70 (78.7) 0.624

Tumor diameter median (IQR), mm 13 (9–19) 13 (9–19) 14 (9–20) 13 (10–21) 0.772

Data not available 26 20 4 2

Histological grade 0.295

Grade 1 441 (26.8) 371 (27.4) 58 (25.9) 12 (17.4)

Grade 2 836 (50.8) 674 (49.9) 120 (53.6) 42 (60.9)

Grade 3 368 (22.3) 307 (22.7) 46 (20.5) 15 (21.7)

Data not available 15 11 3 1

Lymph node positive 307 (18.8) 250 (18.6) 44 (19.6) 13 (18.8) 0.934

Data not available 23 19 3 1

Immunohistochemical subtypes 0.175

Luminal A–like (ER+/PR+/Her2−) 943 (61.1) 759 (59.6) 144 (69.2) 40 (64.5)

Luminal B–like Her2− (ER+/PR−/Her2−) 183 (11.9) 155 (12.2) 21 (10.1) 7 (11.3)

Luminal B–like Her2+(ER+/PR±/Her2+) 285 (18.5) 242 (19.0) 33 (15.9) 10 (16.1)

Her2+ (ER−/PR−/Her2+) 47 (3.0) 39 (3.1) 6 (2.9) 2 (3.2)

Triple negative (ER−/PR−/Her2−) 86 (5.6) 79 (6.2) 4 (1.9) 3 (4.8)

Data not available 116 89 19 8

Unless otherwise specified, data are presented as numbers with percentage in parenthesis

IQR interquartile range, NST no special type, ER estrogen receptor, PR progesterone receptor, Her2 human epidermal growth factor receptor
*Overall p value for association between discordant/discordant scores and the different tumor characteristics
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radiologists. Use of tomosynthesis represents a possible
strategy due to the higher rate of screen-detected cancers
[15–17]. However, there are variable results on recall,
interval cancer, and reading time compared to standard
digital mammography. Formal cost-effectiveness analyses
would help weight the benefits versus costs of such ap-
proaches. Another strategy could be use of artificial intel-
ligence (AI). AI has the potential to increase the accuracy

of screening interpretations and reduce the radiologists’
workload, costs, and subjectivity of the interpretation.
Studies introducing AI in the reading process have shown
promising results with some studies reporting perfor-
mance at the level of radiologists [18, 19]. However, so
far, the evidence is scarce due to small study populations,
enhanced data sets often used to train the models, and
lack of prospective studies [20, 21].

Fig. 3 Craniocaudal (a and b)
andmediolateral oblique (c and d)
mammograms of both breasts
from a 69-year-old woman
diagnosed with screen-detected
cancer after discordant score. The
cancer presented as an asymmetry
of the left breast (arrows)
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Our findings of prognostic favorable histopathological
tumor characteristics for discordant screen-detected can-
cers versus concordant positive cases are consistent with
other studies [5, 6]. For interval cancers diagnosed after
being dismissed at consensus, the rate of invasive can-
cers was higher among dismissed and concordant nega-
tive compared to false-positive cases. Although not sig-
nificantly different, the results of more lymph node in-
volvement, a lower proportion of histological grade 1
invasive cancers and Luminal A–like immunohistochem-
ical subtype among dismissed and concordant negative
examinations indicates less favorable prognostic charac-
teristics compared to cancers detected after false-positive
screening.

High completeness of the data and detailed information
about the radiologist’s interpretation scores represent
strengths of this study. However, despite a large study pop-
ulation, some subgroups had few cancer cases resulting in
less powerful results. Using woman-level rather than
breast-level analyses ensures the clinical approach, on the
cost of the accuracy as some of the cancers might be in the
other breast than the positive score at index screening.
Further, some features that resulted in a positive score at

index screening might not be the same as later diagnosed as
cancer, even though they appeared in the same breast. A
previous retrospective review of screening mammograms
in BreastScreen Norway identified that 42.9% of interval
cancers diagnosed after a false-positive screening were
recalled due to the same mammographic finding [8].
Further, the scoring system used in BreastScreen Norway
represents a modified version of BI-RADS [22]. A score of
1 in the Norwegian system corresponds to BI-RADS 1 and
2, scores 2, 3, 4, and 5 are analog to BI-RADS 3, 4a–b, 4c,
and 5, respectively, while BI-RADS 0 and 6 do not apply.
We consider these differences not affecting the generaliz-
ability of our study.

In conclusion, 23% of screen-detected cancers were detect-
ed by only one of two radiologists. The odds of interval and
subsequent screen-detected cancer was 2–3 times higher for
women with examinations discussed but dismissed at consen-
sus for index screening compared to those with concordant
negative scores. Adding an additional screening 1 year after
being dismissed at consensus or exploiting AI in screen-
reading and at the time of consensus are potential strategies
that may be considered for the purpose of reducing interval
cancers.

Fig. 4 Craniocaudal (a) and
mediolateral oblique
(b) mammograms of the left
breast in a 67-year-old woman
diagnosed with screen-detected
cancer after concordant score.
The cancer presented as a small
spiculated mass in the upper lat-
eral quadrant (arrow)

European Radiology



Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00330-022-08711-9.

Funding Open access funding provided by University of Oslo (incl Oslo
University Hospital). Marit Almenning Martiniussen was funded by
Østfold Hospital Trust and the South-Eastern Norway Health
Authorities as part of her PhD.

Declarations

Guarantor The scientific guarantor of this publication is Solveig
Hofvind.

Conflict of Interest Solveig Hofvind is the head of BreastScreen
Norway. The authors of this manuscript declare no relationships with
any companies, whose products or services may be related to the subject
matter of the article.

Statistics and Biometry Two of the authors, Silje Sagstad and Marthe
Larsen, have significant statistical expertise.

Informed Consent Written informed consent was not required for this
study because the Cancer Registry of Norway’s Regulations waive the
requirement for informed consent for surveillance and quality assurance
projects based on data collected as a part of invitation to and/or partici-
pation in BreastScreen Norway.

Ethical Approval: Approval was obtained from the Oslo University
Hospital data protection official for research (20/12601).

Study subjects or cohorts overlap This is a study including information
from women who participated in BreastScreen Norway 2006–2019.
These women are included in several other publications from
BreastScreen Norway, but the specific study population used in this study
has never been used for any other publication previously.

Fig. 5 The craniocaudal and
mediolateral oblique
mammograms of the right breast
at index (a and b) and subsequent
screening (c and d) from a 54-
year-old woman diagnosed with
subsequent screen-detected can-
cer after false-positive index
screening. The examination was
characterized as a one-plane
asymmetry in the craniocaudal
view at index screening. At sub-
sequent screening, a
circumscribed mass in the upper
medial quadrant (arrow) and a
smaller mass, located more lateral
and inferior (arrowhead), were
both histologically verified as
cancers

European Radiology

https://doi.org/10.1007/s00330-022-08711-9


Methodology
• retrospective
• cohort study
• multicenter study

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. European Commission Initiative on Breast Cancer (2021)
Screening for women aged 50-69. Available via https://
healthcare-quality.jrc.ec.europa.eu/european-breast-cancer-
guidelines/screening-ages-and-frequencies/women-50-69.
Accessed 21 July 2021

2. National Cancer Institute (2021) Breast cancer screening (PDQ®)–
Health Professional Version. Available via https://www.cancer.
gov/types/breast/hp/breast-screening-pdq. Accessed 27 Jan 2022

3. Houssami N, Hunter K (2017) The epidemiology, radiology and
biological characteristics of interval breast cancers in population
mammography screening. NPJ Breast Cancer 3:1–13

4. Taylor-Phillips S, Stinton C (2020) Double reading in breast cancer
screening: considerations for policy-making. Br J Radiol 93:
20190610

5. Coolen AMP, Voogd AC, Strobbe LJ, Louwman MWJ, Tjan-
Heijnen VCG, Duijm LEM (2018) Impact of the second reader
on screening outcome at blinded double reading of digital screening
mammograms. Br J Cancer 119:503–507

6. Taylor-Phillips S, Jenkinson D, Stinton C, Wallis MG, Dunn J,
Clarke A (2018) Double reading in breast cancer screening: cohort
evaluation in the CO-OPS Trial. Radiology 287:749–757

7. Perry N, Broeders M, C. dW, Tornberg S, Holland R, von Karsa L
(2008) European guidelines for quality assurance in breast cancer
screening and diagnosis. Fourth edition–summary document. Ann
Oncol 19:614–622

8. Hofvind S, Sagstad S, Sebuodegard S, Chen Y, Roman M, Lee CI
(2018) Interval breast cancer rates and histopathologic tumor char-
acteristics after false-positive findings at mammography in a
population-based screening program. Radiology 287:58–67

9. Jenkins J, Murphy AE, Edmondson-Jones M, Sibbering DM,
Turnbull AE (2014) Film reading in the East Midlands Breast
Screening Programme–are we missing opportunities for earlier di-
agnosis? Clin Radiol 69:385–390

10. Hofvind S, Geller BM, Rosenberg RD, Skaane P (2009) Screening-
detected breast cancers: discordant independent double reading in a
population-based screening program. Radiology 253:652–660

11. Cancer Registry Regulations. 2001. Regulations on the collection
and processing of personal health data in the Cancer Registry of
Norway 21 Dec 2001 No. 1477. Available via https://app.uio.no/
ub/ujur/oversatte-lover/data/for-20011221-1477-eng.pdf. Accessed
27 Jan 2022

12. Hofvind S, Tsuruda K, Mangerud G et al (2017) The Norwegian
Breast Cancer Screening Program 1996-2016. Celebrating 20 years
of organised mammographic screening, Cancer Registry of
Norway. ISBN 978-82-473-0055-8. Available via https://www.
kreftregisteret.no/globalassets/cancer-in-norway/2016/mammo_
cin2016_special_issue_web.pdf. Accessed 27 Jan 2022

13. Goldhirsch A, Winer EP, Coates AS et al (2013) Personalizing the
treatment of women with early breast cancer: highlights of the St
Gallen International Expert Consensus on the Primary Therapy of
Early Breast Cancer 2013. Ann Oncol 24:2206–2223

14. Khil L, Heidrich J, Wellmann I et al (2020) Incidence of advanced-
stage breast cancer in regular participants of a mammography
screening program: a prospective register-based study. BMC
Cancer 20:174

15. Heywang-Kobrunner SH, Jansch A, Hacker A, Weinand S,
Vogelmann T (2021) Digital breast tomosynthesis (DBT) plus syn-
thesised two-dimensional mammography (s2D) in breast cancer
screening is associated with higher cancer detection and lower re-
calls compared to digital mammography (DM) alone: results of a
systematic review and meta-analysis. Eur Radiol. https://doi.org/
10.1007/s00330-021-08308-8

16. Giampietro RR, Cabral MVG, Lima SAM, Weber SAT, Dos
Santos N-NV (2020) Accuracy and effectiveness of mammography
versus mammography and tomosynthesis for population-based
breast cancer screening: a systematic review and meta-analysis.
Sci Rep 10:7991

17. Aase HS, Holen AS, Pedersen K et al (2019) A randomized con-
trolled trial of digital breast tomosynthesis versus digital mammog-
raphy in population-based screening in Bergen: interim analysis of
performance indicators from the To-Be trial. Eur Radiol 29:1175–
1186

18. Rodriguez-Ruiz A, Lang K, Gubern-Merida A et al (2019) Stand-
alone artificial intelligence for breast cancer detection in mammog-
raphy: comparison with 101 radiologists. J Natl Cancer Inst 111:
916–922

19. McKinney SM, Sieniek M, Godbole V et al (2020) International
evaluation of an AI system for breast cancer screening. Nature 577:
89–94

20. Freeman K, Geppert J, Stinton C et al (2021) Use of artificial intel-
ligence for image analysis in breast cancer screening programmes:
systematic review of test accuracy. BMJ 374:n1872

21. Hickman SE, Woitek R, Le EPV et al (2022) Machine learning for
workflow applications in screening mammography: systematic re-
view and meta-analysis. Radiology 302:88–104

22. D'Orsi CJ, Sickles EA, Mendelson EB, Morris EA et al (2013)
ACR BI-RADS atlas: breast imaging reporting and data system.
American College of Radiology, Reston, VA

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

European Radiology

http://creativecommons.org/licenses/by/4.0/
https://healthcare-quality.jrc.ec.europa.eu/european-breast-cancer-guidelines/screening-ages-and-frequencies/women-50-69
https://healthcare-quality.jrc.ec.europa.eu/european-breast-cancer-guidelines/screening-ages-and-frequencies/women-50-69
https://healthcare-quality.jrc.ec.europa.eu/european-breast-cancer-guidelines/screening-ages-and-frequencies/women-50-69
https://www.cancer.gov/types/breast/hp/breast-screening-pdq
https://www.cancer.gov/types/breast/hp/breast-screening-pdq
https://app.uio.no/ub/ujur/oversatte-lover/data/for-20011221-1477-eng.pdf
https://app.uio.no/ub/ujur/oversatte-lover/data/for-20011221-1477-eng.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2016/mammo_cin2016_special_issue_web.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2016/mammo_cin2016_special_issue_web.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2016/mammo_cin2016_special_issue_web.pdf
https://doi.org/10.1007/s00330-021-08308-8
https://doi.org/10.1007/s00330-021-08308-8

	Screen-detected...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Recall rate, cancer detection rate, and rate of discordant cancers
	Histopathological tumor characteristics

	Discussion
	References


