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AI for breast imaging
The robots can be our friends!
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“Radiologists who do AI will 
replace radiologists who don't”

- A certain Dutch radiologist
(…and many others)

AI for Breast Imaging
How good are they?
Faster!
Better!
Less!

Why now?

DEEP LEARNING
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Running out of 
breast radiologists

Breast tomosynthesis 
takes time

False negatives

DBT/DM 
positive

DBT/DM 
negative

DM positive 35 0

DM negative 20 10

Romero Martin et al, European Radiology, 2018
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False negatives
Tomo + Mammo - Tomo - Mammo +

Visibility 13 0
Radiographic 
appearance 3 1
Interpretative error 3 6

Lång et al, Br J Radiol 2014;87:20140080

How good is it?

AI system
Breast screening
radiologists
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9 Previous multi-reader multi-case 
retrospective studies

Rodriguez Ruiz et al, JNCI, 2019.

Datasets

Varied datasets characteristics & sizes
Different radiologists

50% radiologists 50% radiologists

Rodriguez Ruiz et al, JNCI, 2019.

Breast screening radiologists
Varied experience 

with screening: 
1-45 years
avg. 10 years

Rodriguez Ruiz et al, JNCI, 2019.

Total numbers

2,652 digital mammo exams
653 malignant (i.e. enriched sets)

50% screening/50% diagnostic

Rodriguez Ruiz et al, JNCI, 2019.
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Total numbers

101 radiologists

Rodriguez Ruiz et al, JNCI, 2019.

Total numbers
28,296 independent interpretations

Rodriguez Ruiz et al, JNCI, 2019.

Total numbers
4 vendors

GE
Hologic
Philips
Siemens

Rodriguez Ruiz et al, JNCI, 2019.

AI SYSTEM
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AI system
Transpara 1.4.0 

(ScreenPoint Medical, Nijmegen, the Netherlands)

Based on deep learning algorithms

RESULTS

0.814 vs. 0.840
+0.026

95% CI: -0.003, +0.055

Rodriguez Ruiz et al, JNCI, 2019.

Rodriguez Ruiz et al, JNCI, 2019.
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<

Rodriguez Ruiz et al, JNCI, 2019.

AI for DM vs. radiologists
720 cases (1,440 breasts)

62 malignant breasts

14 readers
12 radiologists

2 DM vendors (4 models)
Wu et al, IEEE Transactions on Medical Imaging, 2019.
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Wu et al, IEEE Transactions on Medical Imaging, 2019.

0.778 vs. 0.876
+0.098

Enriched data sets

Retrospective reads

No prior reading

but…
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Kooi and Karssemeijer, JMI, 2017.

with prior 
analysis

We’re on our way…

…to where?

Faster!

AI-assisted DM reading
240 cases
100 cancer cases

14 MQSA radiologists
Transpara 1.4.0 (ScreenPoint Medical)

Rodriguez-Ruiz et al, Radiology, 2019.
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Rodriguez-Ruiz et al, Radiology, 2019.

Unaided: 146 s 
w/ AI: 149 s

P=0.15

AI-assisted DBT reading
100 cases

70 cancer cases

4 radiologists
2 per experience level

in-house algorithm
Chae et al, European Radiology, 2019.

Chae et al, European Radiology, 2019.

DBT reading time reduction

72.1 s  62.0 s
-14%*

AI for DBT vs. Radiologists
260 cases

65 cancer cases

24 MQSA radiologists
13 breast rads

PowerLook Tomo Detection 2.0 (iCAD)
Conant et al, Radiology: Artificial Intelligence, 2019.
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Conant et al, Radiology: Artificial Intelligence, 2019.

DBT reading time reduction

64.1 s  30.4 s
-52.7%*

AI-assisted rad reading

OR
rad-assisted AI reading?

170 radiologists et al on their phones, RSNA Annual Meeting, Arie Crown, 2019.

181 radiologists et al on their phones, RSNA Annual Meeting, Arie Crown, 2019.
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Better!

Rodriguez-Ruiz et al, Radiology, 2019.

DM:
0.866 [0.83,0.90] 

 0.886 [0.85,0.92]

+0.020 
[0.007, 0.032]

P = 0.002

DBT
14% reduction:

0.778  0.776
p=0.924

Chae et al, European Radiology, 2019.

Conant et al, Radiology: Artificial Intelligence, 2019.

DBT
53% reduction:

0.795  0.852
+0.057*
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• Two experienced breast radiologists assessed interval cancers in consensus

‣

‣

‣

Interval cancer types (true negative, minimal signs, false negative)

Correctly localized CAD mark

Clinical information: diseased or generalized breast cancer, breast density, prior surgery, breast  
implants, time to diagnosis (1 or 2 year)

Material and method
Reader review

kristina.lang@med.lu.s
e

Lång et al, European Congress of Radiology, Virtual Vienna, 2020.

Results
Distribution of AI risk score
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33.3%

kristina.lang@med.lu.s
e

28.6%

Interval cancer with grave outcome (n=35)All interval cancer
(n=429)

Lång et al, European Congress of Radiology, Virtual Vienna, 2020.

Results
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Interval cancer classified as 
minimal  signs or false negative + 
AI risk score  10 + correctly 
localized CAD mark

Potential reduction of interval cancer
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kristina.lang@med.lu.s
e

Recall thresholds: 4% → 11.2% (95% CI 8.5–14.5)
1% → 4.7% (95% CI 3.0–7.1)

19.3% (95% CI 15.9–23.4) 22.9% (95% CI 12.1–39.0)

Lång et al, European Congress of Radiology, Virtual Vienna, 2020.

Less!
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AI Assisted Reading
vs.

Standalone AI

Rodriguez Ruiz et al, Eur Radiol, 2019.

AI Pre-selection

47% decrease in cases 
 -7% cancers

-27% false positives

Rodriguez Ruiz et al, Eur Radiol, 2019.

20% decrease in cases 
 -1% cancers

-5% false positives

Rodriguez Ruiz et al, Eur Radiol, 2019.
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Rodriguez Ruiz et al, Eur Radiol, 2019.

Results
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• Excluding mammograms with risk scores 1 and 2:

‣ 1,829 screen exams (19.1%; 95% CI 18.3–
19.9)  could be removed from radiologists´
screen  reading without missing a single cancer

‣ 10 FP (5.3%; 95% CI 2.9–9.6) could be avoided

•

kristina.lang@med.lu.s
e

5082 (53%) of all screen exams, 7 cancers, and 52
FP  had low risk scores

Low risk High risk

Lång et al, European Congress of Radiology, Vienna, 2019.

kristina.lang@med.lu.s
e

CCMLO

CCMLO

Of the 7 ”AI-missed cancers”:

Results
Cancers with low risk scores

PAD: 7 mm G1 invasive tubular
cancer  AI risk score = 3

3 were small, low-grade tubular cancers

3 were >20 mm (2 IDC, 1
ILC)
6 spiculated masses

6 dense breasts (ACR
C+D)

‣

‣

‣

‣

‣ 6 were clearly visible

Lång et al, European Congress of Radiology, Vienna, 2019.

Screen-detected cancers

(n )
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Risk scores

AI Single reading Double
reading

Results
Improving screening
efficiency

54% reduction of
screen-reading workload

0 1:317 1:23Cancer frequency

19% 69% 12%Screen exams

Adapt work effort to AI-
derived risk scores

kristina.lang@med.lu.s
e

Lång et al, European Congress of Radiology, Vienna, 2019.
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Double Reading

Rodriguez Ruiz et al, IWBI, 2020

Double Human Reading Double Hybrid Reading Difference

Workload (%) 100 56
(55, 57)

-44
(-42, -45)
P<0.001

Rodriguez Ruiz et al, IWBI, 2020
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Double Human Reading Double Hybrid Reading Difference

Sensitivity (%) 81.5 
(75.8, 87.3) 

81.4 
(75.3, 87.2)

-0.1 
(-4.1, 3.9)
P = 0.88

Specificity (%) 69.9 
(68.4, 71.5) 

75.2 
(73.8, 76.7)

+5.3 
(4.0, 6.7)
P<0.001

Rodriguez Ruiz et al, IWBI, 2020

Which cancers?

Will you behave 
the same way?
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159 radiologists et al on their phones, RSNA Annual Meeting, Arie Crown, 2019.

aiREAD
Accurate and 
Intelligent Reading 
for EArlier breast 
cancer Detection

0
20
40
60
80

100
120
140

1 2 3 4 5 6 7 8 9 10

Nu
m

be
r o

f C
as

es

AI Probability of Malignancy Score

No human 
reading

Single human 
reading

Double human 
reading

73

74

75

76



5/24/2024

20

No human 
reading

Double human 
reading

Single human 
reading
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When is the AI confused?
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When is the radiologist confused?

77

78

79

80



5/24/2024

21

0
50

100
150
200
250
300
350

1 2 3 4 5 6 7 8 9 10

Nu
m

be
r o

f C
as

es

Human Interpretation Difficulty Score

Single human 
reading

Double human reading

AI PoM score: 1
AI uncertainty score: 1  no human reading

AI PoM score: 10
AI uncertainty score: 4
Human difficulty score: 2  single human reading

AI PoM score: 8
AI uncertainty score: 7
Human difficulty score: 8  double human reading
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AI for breast image 
interpretation

Better?
“lab” results say yes
reduction in missed cancers

need for prospective screening-
prevalence trials

Faster?

yes!

is rad-assisted AI reading 
acceptable?

Less?
pre-selection
single human reading
other…

promising results, more needed
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Thank you for your attention!
ioannis.sechopoulos

@radboudumc.nl

axti.radboudimaging.nl

@IoannisNL
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