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Abstract

Objectives To compare results of selected performance measures in mammographic screening for an artificial intelligence

(AD) system versus independent double reading by radiologists.

Methods In this retrospective study, we analyzed data from 949 screen-detected breast cancers, 305 interval cancers, and

13,646 negative examinations performed in BreastScreen Norway during the period from 2010 to 2018. An Al system scored

the examinations from 1 to 10, based on the risk of malignancy. Results from the Al system were compared to screening results

after independent double reading. Al score 10 was set as the threshold. The results were stratified by mammographic density.

Results A total of 92.7% of the screen-detected and 40.0% of the interval cancers had an Al score of 10. Among women with a

negative screening outcome, 9.1% had an Al score of 10. For women with the highest breast density, the Al system scored 100%

of the screen-detected cancers and 48.6% of the interval cancers with an Al score of 10, which resulted in a sensitivity of 80.9%

for women with the highest breast density for the Al system, compared to 62.8% for independent double reading. For women

with screen-detected cancers who had prior mammograms available, 41.9% had an Al score of 10 at the prior screening round.

Conclusions The high proportion of cancers with an Al score of 10 indicates a promising performance of the Al system,

particularly for women with dense breasts. Results on prior mammograms with Al score 10 illustrate the potential for earlier

detection of breast cancers by using Al in screen-reading.

Key Points

o The Al system scored 93% of the screen-detected cancers and 40% of the interval cancers with Al score 10.

o The Al system scored all screen-detected cancers and almost 50% of interval cancers among women with the highest breast
density with Al score 10.

o About 40% of the screen-detected cancers had an Al score of 10 on the prior mammograms, indicating a potential for earlier
detection by using Al in screen-reading.
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Abbreviations Introduction

Al Artificial intelligence

DCIS Ductal carcinoma in situ Breast cancer is the most common cancer worldwide and
EUSOBI European Society of Breast Imaging the most common cause of cancer related death among
NPI Nottingham Prognostic Index women [1]. Early detection through systematic mammo-
VDG Volpara Density Grade graphic screening is shown to reduce the incidence of

advanced disease and breast cancer mortality [2, 3].
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In the current screening setting, the radiological accu-
racy is suboptimal, with a sensitivity below 80% in general
and as low as 50% for women with mammographic dense
breasts [3—7]. Some of the undetected cancers present as
symptomatic interval cancers within the next screening
round, and these cases are associated with less prognostic
favorable histopathological tumor characteristics com-
pared to screen-detected cancers [8, 9]. Retrospective
consensus-based informed review studies have classified
20-30% of the interval cancers as well as screen-detected
cancers as missed by the radiologists, based on prior
screening mammograms [10-12].

With recent advances in machine learning and deep learn-
ing, artificial intelligence (Al) are attracting considerable
attention as means to increase sensitivity of mammographic
screening. However, knowledge about the Al systems perfor-
mance, based on real screening data, is sparse and as far as
we are aware, no studies have explored Al malignancy risk
score of prior mammograms for screen-detected cancers.
In addition, studies reporting histopathologic tumor char-
acteristics for breast cancers with different AI malignancy
risk scores and studies stratifying results by mammographic
density are limited [13, 14].

A screening program using independent double read-
ing, as in BreastScreen Norway, represents a substantial
workload for the radiologists. However, the majority of the
examinations, more than 96%, are without signs of breast
cancer [15]. To potentially reduce time spent on interpreting
negative screening mammograms, Al systems have been
proposed as a tool to support or even replace radiologists in
the reading process [16-22]. In a retrospective study simu-
lating how an Al system could be used to triage and exclude
selected examinations from the radiologist reading stream,
the reader volume was reduced by 63% compared to stand-
ard double reading, without reducing cancer detection [14].

We took advantage of the data collected in Rogaland as a
part of BreastScreen Norway and compared performance of
an Al system to independent double reading. Performance
was measured according to screening outcomes, including
consensus, recall, cancer detection, and histopathological
tumor characteristics. Further, we stratified the results by
mammographic density and investigated the Al score on the
examinations prior to the examination where the cancers
were detected.

Materials and methods

The data was disclosed with legal bases in the Cancer Regis-
try of Norway Regulations § 3-5, and the retrospective study
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was approved by the Regional Committee for Medical and
Health Research Ethics (2018/2574).

All screen-detected and interval breast cancers detected
at Stavanger University Hospital from 2010 to 2018 were
identified from the Cancer Registry database and matched
with 10 random negative examinations, by age at screen-
ing and year of screening examination. The data included
1275 cancer cases and 12,750 controls (Fig. 1). In addi-
tion, screening and Al information from prior screening
examination for the cancer cases were included, if avail-
able (n=1021). All mammograms were extracted from
the Picture Archiving and Communication System and
processed with the Al system. Results from the Al system
were merged with pseudonymized screening information
using random study identification numbers. After exclu-
sions, digital mammograms of 14,900 examinations were
left in the study population, including 1254 breast cancer
cases, 12,642 negative controls, and prior examinations for
1004 women diagnosed with breast cancer. All women were
screened with GE Senographe Essential. Screening inter-
pretations were performed by 13 breast radiologists with
a median annual reading volume of about 7000 readings
and 1-22 years of experience with screening interpretation,
including the study period.

BreastScreen Norway offers women aged 50-69 years
biennial mammographic screening. Standard interpreta-
tion procedure is independent double reading, and each
radiologist assigns a score from 1 to 5 of each breast to
indicate suspicion of malignancy: 1, negative for malig-
nancy; 2, probably benign; 3, intermediate suspicion of
malignancy; 4, probably malignant; 5, high suspicion of
malignancy. Examinations with an interpretation score of
2 or higher by either or both radiologists are discussed at
a consensus meeting to determine recall or not [15].

Al system

The Al system used in this study was Transpara version
1.7.0 (ScreenPoint Medical). This commercially available
Al system is Conformité Européenne (CE) marked and
cleared by the U.S. Food and Drug Administration (FDA).
The Al system provides a continuous score from 0.0 to 10.0
(raw score) and categorized examinations into 10 groups
based on the highest overall exam-level raw score. This
is referred to as Al score and ranged from 1 to 10. An Al
score of 1 indicated a low risk of abnormal findings and 10
indicated high risk. The AI system uses convolutional neu-
ral networks to analyze mammograms and has been trained
on mammograms from different screening programs and
mammograms from several vendors.
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BreastScreen Norway in Rogaland 2010-2018
Screen-detected, interval cancersand 10 negative controls for each cancer case

Total number of examinations: n=15 046
Cancers: n=1275 (968 screen-detected and 307 interval cancers)
Controls: n=12 750
Prior examinations for women with screen-detected or interval cancer: n=1021

Final study sample

Total number of examinations: n=14 900
Cancers: n=1254 (949 screen-detected and 305 interval cancers)
Controls: n=12 642
Prior examinations for women with screen-detected or interval cancer: n=1004

Total number of examinations with information about breast density: n=12 811
Cancers: n=1183 (894 screen-detected and 289 interval cancers)

Exclusions: n=146 examinations

No information about Al result: n=120
Recalls due to self-reported symptoms: n=25
Recalls due to technical inadequate images: n=1

Controls: n=11628

Fig.1 Flowchart of the study sample

Variables of interest

Recall was defined as screening examinations resulting in
further assessments due to abnormal mammographic find-
ings. Screen-detected cancer was defined as breast cancer
diagnosed after a recall and within 6 months after the screen-
ing examination, and interval cancer was defined as breast
cancers diagnosed within 24 months after a negative screen-
ing or 6-24 months after a false-positive screening result
[15]. Both ductal carcinoma in situ (DCIS) and invasive
carcinoma were considered breast cancer. Cancer type was
classified as DCIS, invasive carcinoma of no special type,
invasive lobular carcinoma, and other invasive. Based on
lymph node status, tumor diameter, and histologic grade,
the Nottingham Prognostic Index (NPI) was calculated and
categorized as “Excellent, <2.4”, “Good, > 2.4 and <3.4”,
“Moderate, > 3.4 and <5.4”, and “Poor, > 5.4” for invasive
cancers [23]. Quantitative volumetric breast density, Vol-
para Density Grade (VDG; 1, 2, 3, 4), was obtained from an
automated software (VolparaDensity, version 1.5.0; Volpara
Health Technologies) [24]. The categorization is analogous
to the four-category Breast Imaging Reporting and Data Sys-
tem, Sth edition classification system (a, b, ¢, d) [25].

Statistical analysis

The performance of the Al system was evaluated descrip-
tively by assessing the number and percentage of screen-
detected cancers from independent double reading and
interval cancers for each Al score. Categorical vari-
ables were presented with frequencies and percentages.

Continuous variables were presented with mean and stand-
ard deviation (SD) or median and interquartile range (IQR)
according to the distribution. Sensitivity for the Al system
was compared to the sensitivity for the first reader and was
calculated by setting the continuous Al raw score threshold
value so that Al had the exact same specificity as the first
reader. For the first reader, screen-detected and interval
cancers not selected for consensus were considered false
negatives. Screen-detected and interval cancers selected for
consensus were considered true positives. This might also
include recall and assessment with negative outcome, but
with a later interval cancer. When calculating sensitivity
for the Al system, all screen-detected and interval cancers
with a raw score above the given threshold value were con-
sidered true positives. Workload reduction in a theoretical
triage setting was calculated as the percentage of mammo-
grams that would be excluded from the radiologist reading
stream. The pre-screen-reading triage exclusion threshold
was set to Al score <5, in accordance to relevant literature
[14, 17, 19, 21]. All analyses were performed with Stata
version 17.0 for Windows (StataCorp).

Results

Mean age for the women in the study sample was 58 years
(SD=6) and 25% of the women were prevalently screened
in the program. 92.7% (880/949) of the screen-detected and
40.0% (122/305) of the interval cancers had an Al score of 10
(Table 1). In total, 79.9% (1002/1254) of all breast cancers in
the study sample had an Al score of 10, and 2.1% (26/1254)
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Table 1 Frequencies and

Al score All examinations Negative outcome Screen-detected cancer Interval cancer All cancers
percentages of 13,896
mamr'nog‘raphy 'examinati(?ns, 1 3049 (21.9%) 3023 (23.9%) 3(0.3%) 23 (7.5%) 26 (2.1%)
z’;‘;‘g‘rﬁ?‘;’gfezvn‘fgeieﬁggtwe 2 1072 (7.7%) 1060 (8.4%) 2 (0.2%) 10 3.3%) 12 (1.0%)
cancers, interval cancers, and all 3 1173 (8.4%) 1158 (9.2%) 1(0.1%) 14 (4.6%) 15 (1.2%)
cancers combined, stratified by 4 1113 (8.0%) 1096 (8.7%) 3(0.3%) 14 (4.6%) 17 (1.4%)
malignancy score from the Al 5 1068 (7.7%) 1049 (8.3%) 6 (0.6%) 13 (4.3%) 19 (1.5%)
system (Al score) 6 960 (6.9%) 939 (7.4%) 4.(0.4%) 17 (5.6%) 21 (1.7%)

7 961 (6.9%) 936 (7.4%) 7(0.7%) 18 (5.9%) 25 (2.0%)

8 1107 (8.0%) 1073 (8.5%) 15 (1.6%) 19 (6.2%) 34 (2.7%)

9 1238 (8.9%) 1155 (9.1%) 28 (3.0%) 55 (18.0%) 83 (6.6%)

10 2155 (15.5%) 1153 (9.1%) 880 (92.7%) 122 (40.0%) 1002 (79.9%)

Total 13,896 (100%) 12,642 (100%) 949 (100%) 305 (100%) 1254 (100%)

had an AI score of 1. Among the 69 screen-detected can-
cers with an Al score below 10, 30.4% (21/69) were selected
for consensus by only one of the two radiologists (Table 2).
Specificity of the first reader was 97.6%. By setting the Al raw
score threshold at equal specificity level, the sensitivity of the
Al system was 68.3% compared to 68.6% for the first reader.

Histopathological tumor characteristics

Among the screen-detected cancers with an Al score of 10,
79.1% (696/880) were invasive (Table 3). Median tumor
diameter for these cases was 14 mm (IQR: 10-21), 28.9%
(199/688) was histologic grade 3, and 21.5% (148/688) lymph
node positive (Table 4). For those with an Al score below 10,
84.1% (58/69) was invasive, median diameter 11 mm (IQR:
8-15), 29.1% (16/55) histologic grade 3, and 17.9% (10/56)
lymph node positive. Mean NPI was 3.6 (SD=1.1) for cases
with an Al score of 10 and 3.5 (SD=1.0) for cases below 10.

For interval cancers, 96.7% (118/122) with an Al score of
10 was invasive (Tables 3). The percentage was the same for
cases with an Al score below 10. Median tumor diameter for
those with an Al score of 10 was 22 mm (IQR: 13-28) and
23 mm (IQR: 15-31) for those with score below 10 (Table 4).
A total of 39.3% (42/107) of the cases with an Al score of
10 was grade 3 tumors and 39.8% (47/118) was lymph node
positive. For those with score below 10, 46.7% (77/165) was
grade 3 tumors and 40.1% (71/177) was lymph node positive.
Mean NPI was 4.0 (SD=1.2) for cases with an Al score of
10 and 4.2 (SD = 1.0) for cases below 10.

Breast density

In our study sample, 15% (1916/12,811) of the women were
classified into VDG1, 49% (6111/12,811) into VDG2, 30%
(3782/12,811) into VDG3, and 7% (891/12,811) into VDG4.
Of the 59 women with screen-detected cancer and VDG4, all

Table 2 Frequencies and percentages of screening examinations discussed at consensus, recalled for further assessment, and screen-detected and
interval cancers with a positive interpretation by one or both radiologists, stratified by malignancy score from the Al system (Al score)

Al score Discussed at con-  Recalled Screen-detected cancers Interval cancers
sensus Positive inter- Positive inter- Recalled, Positive inter- Positive inter-

pretation by one pretation by both  negative pretation by one pretation by both
radiologist radiologists outcome radiologist radiologists

1 71 (4.7%) 3(0.3%) 1 2 0 0 0

2 26 (1.7%) 2(0.2%) 1 1 0 0 1

3 36 (2.4%) 1(0.1%) 0 1 0 1 0

4 51 (3.3%) 4(0.4%) 1 2 1 2 0

5 51 (3.3%) 6 (0.6%) 2 4 0 0 0

6 49 (3.2%) 4(0.4%) 1 3 0 2 0

7 56 (3.7%) 7(0.7%) 1 6 0 2 0

8 61 (4.0%) 15 (1.6%) 3 12 0 0 0

9 114 (7.5%) 29 (3.0%) 11 17 1 9 1

10 1011 (66.3%) 887 (92.6%) 194 686 7 17 6

Total 1526 (100%) 958 (100%) 215 734 9 33 8
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Table 3 Histopathological tumor characteristics (frequencies, percentages, and Al sensitivity) of screen-detected and interval cancers with a
malignancy score from the Al system (Al score) of 10 and Al score < 10

Screen-detected cancers, n =949

Interval cancers, n=305

Al score=10, Al score < 10, Al Al score=10, Al score < 10, Al
n=_880 n=69 score=10, n=122 n=183 score =10,
sensitivity sensitivity
Ductal carcinoma 184 (20.9%) 11 (15.9%) 94.4% 4 (3.3%) 6 (3.3%) 40.0%
in situ
Invasive carcinoma 608 (69.1%) 49 (71.0%) 92.5% 99 (81.2%) 137 (74.9%) 41.9%
no special type
Invasive lobular 57 (6.5%) 5(7.3%) 91.9% 14 (11.5%) 34 (18.6%) 29.2%
carcinoma
Other invasive 31 (3.5%) 4 (5.8%) 88.6% 54.1%) 6 (3.3%) 45.5%
Invasive tumors 696 (79.1%) 58 (84.1%) 92.3% 118 (96.7%) 177 (96.7%) 40%

had an Al score of 10 (Fig. 2). Among interval cancer cases
with VDG4, 48.6% (17/35) had an Al score of 10. Sensitiv-
ity for women with VDG4 was 60.6% for the first reader,
62.8% for independent double reading, and 80.9% for Al
score 10. Sensitivity for women with VDG1 was 83.7% for
the first reader, 93.5% for independent double reading, and
79.3% for Al score 10 (Supplementary Fig. 1).

Prior screening examination

We found 41.9% (312/745) of the screen-detected cancer
cases with a prior screening examination to have a score of
10 on the prior screening mammogram and 15.7% (117/745)
to have an Al score of 9 (Table 5). A total of 17.6% (131/745)

Table 4 Histopathological tumor characteristics (frequencies and per-
centages) of invasive screen-detected and interval cancers with a malig-
nancy score from the Al system (Al score) of 10 and Al score < 10.

were discussed at consensus at the prior examination and
5.5% (41/745) were recalled with a negative outcome. 26.2%
(64/244) of the screen-detected cancers where the prior screen-
ing mammogram had an Al score 10 were lymph node positive,
compared to 17.8% (61/342) of those with an Al score below 10
(Supplementary Table 1). 5.8% of the screen-detected cancers
with an Al score of 10 on the prior mammograms were clas-
sified as VDG4, compared to 4.4% for an Al score below 10.

Pre-screen-reading triage

By excluding mammograms with Al score 1-5 from the
radiologist reading stream, 54% (7475/13,896) of all exami-
nations would be removed, including 38.7% (219/568) of the

Tumor diameter, histologic grade, lymph node involvement, and Not-
tingham Prognostic Index (NPI) were calculated for invasive tumors,
including no special type (NST), lobular, and other invasive

Invasive screen-detected cancers, n="754

Invasive interval cancers, n =295

Al score=10, n=696

Al score< 10, n=58

Al score=10,n=118 Al score< 10, n=177

Tumor diameter, median (IQR) mm 14 (10-21) 11 (8—15) 22 (13-28) 23 (15-31)
Information not available 10 2 10 17

Histologic grade
Grade 1 201 (29.2%) 15 (27.3%) 22 (20.6%) 21 (12.7%)
Grade 2 288 (41.9%) 24 (43.6%) 43 (40.2%) 67 (40.6%)
Grade 3 199 (28.9%) 16 (29.1%) 42 (39.3%) 77 (46.7%)
Information not available 8 3 11 12

Lymph node positive 148 (21.5%) 10 (17.9%) 47 (39.8%) 71 (40.1%)
Information not available 8 2 0 0

NPI, mean (SD) 3.6(1.1) 3.5(1.0) 4.0(1.2) 4.2 (1.0)
Excellent, <2.4 161 (23.7%) 12 (22.2%) 16 (15.4%) 10 (6.3%)
Good,>2.4 and<3.4 205 (30.2%) 20 (37.0%) 19 (18.3%) 27 (17.1%)
Moderate, > 3.4 and <5.4 271 (39.9%) 20 (37.0%) 51 (49.0%) 97 (61.4%)
Poor,>5.4 42 (6.2%) 2 (3.7%) 18 (17.3%) 24 (15.2%)
Information not available 17 4 14 19
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Fig.2 Percentage of 894 screen-detected (SDC) and 289 interval cancers (IC) with Al score 10 stratified by Volpara Density Grade (VDG, 1-4).
The horizontal dotted line represents the average percentage of SDC and IC with Al score 10

Table 5 Frequencies and percentages of prior screening examinations recalled for further assessment, and positive interpretation by one or
for 754 screen-detected cancers, stratified by malignancy score of the both radiologists, stratified by malignancy score of the Al system (Al

Al system (Al score). Also, examinations discussed at consensus, score) are presented

Al score on prior Screen-detected cancers with Al score on prior screening examination, n="754

examination N . X .. A .
Prior examination for screen- Discussed at Recalled Positive interpretation by ~ Positive interpreta-
detected cancers consensus, n one radiologist tion by both radiolo-

gists

1 55 (7.4%) 0 (0.0%) 0 0 0

2 26 (3.5%) 2 (1.5%) 1 1 1

3 32 (4.3%) 3(2.3%) 1 2 1

4 28 (3.8%) 1(0.8%) 0 1 0

5 39 (5.2%) 3(2.3%) 0 3 0

6 37 (5.0%) 5(3.8%) 1 5 0

7 51 (6.9%) 4 (3.1%) 2 4 0

8 48 (6.4%) 6 (4.6%) 4 2 4

9 117 (15.7%) 21 (16.0%) 8 14 7

10 312 (41.9%) 86 (65.7%) 24 62 24

Total 745 (100%) 131 41 94 37
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false positives, 1.6% (15/949) of the screen-detected cancers,
and 24.3% (74/305) of the interval cancers (Tables 1 and 2).

Discussion

In this retrospective study using a cancer-enriched dataset
with 1254 breast cancer cases, we found that 92.7% of the
screen-detected and 40.0% of the interval cancers had an
Al score of 10, representing the highest risk of breast can-
cer. The accuracy of the Al system was comparable to one
reader in an independent double-reading setting. Among
cancers detected in women with the highest mammographic
breast density, all screen-detected cancers and 48.6% of the
interval cancers had an Al score of 10, indicating in a pos-
sible increase in sensitivity from 62.8 to 80.9%. We found
41.9% of the prior mammograms of the screen-detected can-
cer cases to have an Al score of 10.

The estimated sensitivity with Al threshold set at equal
specificity level as the first reader suggests the performance
of the Al system comparable to the radiologists and high-
lights the potential of implementing Al systems as the second
reader in a double-reading setting. According to a systematic
review from 2021, Al systems are not yet sufficiently specific
to replace both radiologists in double reading, and with mixed
results when comparing Al systems to a single radiologist, it
is still unclear where in the interpretation process Al systems
may be of most value [26]. Our results might be informa-
tive in the discussion of implementing Al in mammography
screening.

The observed difference in histopathological tumor
characteristics and NPI between screen-detected and inter-
val cancers as two groups independent of Al scores cor-
responded well with results from other studies [8, 9]. NPI
is a clinically relevant and internationally validated scoring
system used to determine the long-term prognosis follow-
ing surgery for breast cancer patients [23, 27-29]. The Al
system scored 10 on a considerable number of interval can-
cers with high NPI, but the potential effect on breast cancer
mortality needs a proper investigation in prospective stud-
ies before any conclusion can be drawn. Results on tumor
size, histologic grade, lymph node involvement, and NPI
indicated less favorable tumor characteristics for interval
cancers with an Al score below 10 compared to those for
interval cancers with an Al score of 10, which might indicate
that these were true interval cancers, associated with rapid
growth and aggressive potential.

Women with mammographic extremely dense breast have
3-6 times higher risk of developing breast cancer compared to
women with fatty breast and do also represent a challenge for
radiologists due to the masking effect of the dense tissue on
tumors [7, 30, 31]. Due to an increased risk of advanced dis-
ease at diagnosis for women with extremely dense breast, The

European Society of Breast Imaging (EUSOBI) recommend
offering these women screening with MRI every 2—4 years
[7]. However, EUSOBI acknowledges that this may not be
feasible with current radiological resources [7]. We found that
Al identified a large proportion of cancers in extremely dense
breasts (VDG4); all screen-detected cancers and almost half
of the interval cancers among women with the highest density
score had an Al score of 10. If similar results can be obtained
in a prospective screening setting, increased cancer detection
among women with extremely dense breasts might be possible
without adding supplementary modalities. In a Danish study,
the same Al system as we used maintained persistently high
area under the receiver operating characteristic curve (AUC)
values with increasing breast density [14], as opposed to radi-
ologists. The high sensitivity of the Al system in dense breasts
needs to be further investigated and should be considered in
the triaging in future prospective studies.

A substantial percentage of the screen-detected cancers
were shown to have an Al score of 10 on the mammogram
preceding the mammogram where the cancer was diagnosed,
and these cases had a higher NPI and were more often lymph
node positive compared to cancer cases with an Al score
below 10. Although this group had a slight overweight of
extremely dense breasts, our findings indicate a potential
for earlier detection of relevant cancers with the aid of Al
systems. As far as we know, no study to date has used Al
to examine prior mammograms for women with screen-
detected cancers, but our observations corresponds well with
current knowledge based on retrospective consensus-based
informed review studies classifying 20-30% of the screen-
detected cancers as missed cancers [10, 11]. Interestingly,
86 of the screen-detected cancers with Al score 10 were dis-
cussed at consensus of the preceding round, and 24 women
had a “false-positive” screening result, recalled for further
examinations with negative outcome. Our observations asso-
ciates well with current knowledge: women discussed at con-
sensus, either dismissed or recalled, have an increased risk
of cancer the consecutive screening round [32]. A review of
the mammograms would be required to conclude according
to these observations.

Our results support results from other studies indicating
beneficial effects of using Al as a second reader or as a
triaging tool in mammography screening [14, 16, 17, 21,
22]. Both approaches, either alone or combined, would
significantly reduce the reading volume for radiologists.
However, we must be aware of the lack of evidence as
to how AI could affect the consensus process in a real
screening setting. Even if the Al systems were able to
achieve improved sensitivity and specificity compared
to radiologists, the effect on consensus, actual callback
rate, and ultimately the mortality rate are yet unknown and
require specific prospective studies. The performance of
Al systems in a real-time clinical setting is reliant on the
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calibration of the Al raw score threshold, depending on the
Al system’s role in the specific screening setting, e.g., tri-
age, selection for consensus, or direct recall. As an exam-
ple, selecting all women with an examination with an Al
score of 10 for direct recall without further adjustment of
the AI threshold would yield an unacceptably high recall
rate around 10%, 2—4 times higher than what is currently
normal in BreastScreen Norway [15].

Strengths in our study are the large number of cancer cases,
automated measures of mammographic density, and that
image data was merged with complete screening data from
the Cancer Registry of Norway, a data resource that is close
to 100% complete for breast cancer [33]. Limitations were
related to the cancer enrichment, only including examinations
from GE Senographe Essential machines and only including
examinations from one screening area. Due to issues regard-
ing external validity in enriched datasets, estimated sensitivity
and specificity were appraised as comparison tools only, and
not as absolute values. Neither AUC values, positive predic-
tive values, or negative predictive values were calculated. For
the same reason, estimated workload reduction and avoidable
false positives in a pre-screen-reading triage setting are likely
too high. A dataset representing an authentic screening popu-
lation is preferred over an cancer-enriched dataset.

In conclusion, our study based on retrospective cancer-
enriched data and one Al system indicated promising results
in breast cancer screening with standard digital mammogra-
phy, where Al systems may be effective as a second reader or
a triaging tool. The sensitivity for detecting cancers in women
with extremely dense breasts was higher for the Al system
compared to that for the radiologists. Further, 40% of the
screen-detected cancer had a score of 10 at prior screening
exam, indicating a potential for earlier detection. Further, our
results indicated that the screening volume for the radiologists
might be reduced without reducing the cancer detection.
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