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Al applications across the human lifespan
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Technically innovative

Clinically innovative

INNOVATIONS IN
HEALTH CARE

JAMA. 2018;320(5):427-429
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Step 1: Exploring Clinical Unmet Needs

o Difficult image interpretation
e Poor performance of Traditional CAD

o Market already exists




Step 2: Development of Al

. Winning strategy

o Data number — Breast cancer 40K, total 200K: AMC/SMC/YUHS/US/UK
o Annotation — by breast radiologists

o Al performance — top Al researchers



Step 2: Development of Al

Yonsei University Severance Asan Medical Center Samsung Medical Center Wake Radiology Diagnostic NHS OPTIMAM
Hospital (n=49577) (n=46614) (n=49472) Imaging (n=18024) (n=6543)
Cancer 6218 Cancer | 11560 Cancer | 12997 Cancer | 2452 Cancer | 3241
(5917 annotated) (9497 annotated) (11122 annotated) (1827 annotated) (3241 annotated)
Benign | 18591 Benign | 15426 Benign | 16948 Benign | 7297 Benign | 1282
(5548 annotated) (5530 annotated) (5054 annotated) (2211 annotated) (1282 annotated)
Normal | 24768 Normal | 19628 Normal | 19527 Normal | 8275 Normal | 2020
v
Development dataset
(n=170230)
Cancer | 36468
(31604 annotated)
Benign | 59544
(19625 annotated)

Normal | 74218

v v v

South Korea dataset USA dataset UK dataset
(n=145663) (n=18024) (n=6543)

Training Tuning Validation Training Validation Training Validation
Cancer | 26976 3180 619 Cancer | 2202 250 Cancer | 3023 218
Benign | 46087 4258 620 Benign | 7047 250 Benign | 1064 218
Normal | 56467 6837 619 Normal | 8025 250 Normal | 1802 218

Figure 1: Development dataset generation and partitioning
All mammograms are four-view paired (left and right craniocaudal and mediolateral obligue). There was no overlap between categories (cancer, benign, and normal). NHS=National Health Service.



Step 3: Internal Validation

THE LANCET

ROC AUC Sensitivity Specificity
Korea 97% 90% 92%
(n=1,858)
US 95% 949, 80%
(n=750)
Europe 94% 92% 77%
(n=654)




THE LANCET

Step 4: External Validation with Reader Study  oigiaivear

® w/o Lunit
= w/ Lunit
949%
Lunit
INSIGHT
p-value
S <0.001
Specialist
(N=7)
General <0.001
Radiologist 77%
87%
(N=7)
60% 70% 80% 90% ROC AUC
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THE LANCET

Step 4: External Validation with Reader Study Digital Health

Sensitivity False Positive Rate
88.8% 18.1%
Lunit INSIGHT Lunit INSIGHT
p-value p-value

Breast Breast

Specialist <0.001 Specialist <0.001
(N=7) (N=7)
General General

Radiologist <0.001 Radiologist <0.001
(N=7) (N=7)

60% 70% 80% 90% 10% 20% 30% 40%

® w/o Lunit

®w/ Lunit



First peer-reviewed paper

Changes in cancer detection and false-positive recall in
mammography using artificial intelligence: a retrospective,
multireader study

Hyo-Eun Kim*, Hak Hee Kim*, Boo-Kyung Han*, Ki Hwan Kim, Kyunghwa Han, Hyeonseob Nam, Eun Hye Lee, Eun-Kyung Kim
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Figure 3: ROC analysis for Al-unaided and Al-aided diagnosis
Sensitivity and specificity of each individual (including Al standalone) are marked on each curve. Al=artificial intelligence. ROC=receiver operating characteristic.
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Lancet Digital Health 2020;
2:e138-48

Published Online
February 6,2020

12



Step 5: External Validation in Screening Cohorts

S\‘“A. INJ'}
JAMA Oncology | Original Investigation JAMA Oncology EEEyy [} 5%?% g}r;
— - a - - - - 2 ; = —5
External Evaluation of 3 Commercial Artificial Intelligence Algorithms o
= arolinska
for Independent Assessment of Screening Mammograms Institutet
Mattie Salim, MD; Erik Wahlin, MSc; Karin Dembrower, MD; Edward Azavedo, MD, PhD; Theodoros Foukakis, MD, PhD; Yue Liu, MSc;
Kevin Smith, MSc, PhD; Martin Eklund, MSc, PhD; Fredrik Strand, MD, PhD Salim, et al. JAMA Oncol. 2020 Aug 27.
s 8 years of Breast Screening Cohort Retrospective Analysis:
- Comparison of Three Leading MMG Al Products
0 L Screening Performance Benchmarkers for Al Algorithms in 739 Women Who
S ' Received a Diagnosis of Breast Cancer and 112,924 Healthy Women
U B
2 o #Lunit INSIGHT MMG
.G 2
§ Benchmark Algorithm 1 Algorithm 2 Algorithm 3
in Accuracy 0.956 0.922 0.920
S Algorithm 1 (ROC AUC) (0.948-0.965) (0.910-0.934) (0.909-0.931)
Algorithm 2 Sensitivity 81.9% (79-85%)  67.0% (64-70%)  67.4% (64-71%)
o Algorithm 3
s L , , : , False 18.1% 33.0% 33.0%
0.00 0.25 0.50 0.75 1.00 Negative Rate (15.4-21.1%) (29.6-36.4%) (29.6-36.4%)

1 - Sensitivity

#Lunit INSIGHTMMG | 13



Step 5: External Validation in Screening Cohorts

Table 2. Screening Performance Benchmarks for Artificial Intelligence Algorithms and for Radiologists in 739 Women
Who Received a Diagnosis of Breast Cancer and 112 924 Healthy Women

Benchmark

Benchmark point estimate (95% Cl1)?

Algorithm®

Reader

1

2

3

First

Second

Consensus

Specificity, %

Accuracy, %
PPV, %
AIR

96.6 (96.5-96.7)

Sensitivity, % 81.9(78.9-84.6)

96.5(96.4-96.6)
13.6(12.5-14.7)

96.6 (96.5-96.7)
67.0(63.5-70.4)
96.4 (96.3-96.5)
11.4(10.5-12.4)
38.1(37.0-39.2)
4.36 (3.98-4.76)

96.7 (96.6-96.8)
67.4 (63.9-70.8)
96.5 (96.4-96.6)
11.8(10.8-12.8)
37.3(36.2-38.4)
4.38 (4.00-4.78)

96.6 (96.5-96.7)

96.5(96.4-96.6)
13.0(12.0-14.0)
38.8(37.7-39.9)
5.03 (4.63-5.46)

97.2(97.1-97.3)

77.4(74.2-80.4) 80.1(77.0-82.9)

97.1(97.0-97.1)
15.9(14.7-17.1)
32.8(31.8-33.9)
5.21 (4.80-5.64)

98.5 (98.4-98.6)
85.0(82.2-87.5)
98.4 (98.3-98.5)
27.2(25.4-29.1)
20.3(19.5-21.1)
5.53(5.10-5.97)

39.1(38.0-40.2)
FNR 0.181(0.154-0.211) 0.330(0.296-0.364) 0.330(0.296-0.364) 0.226(0.196-0.256) 0.177(0.150-0.205) 0.150(0.124-0.176)
Abbreviations: AIR, abnormal interpretation rate (per 1000 examinations);

CDR, cancer detection rate (per 1000 examinations); FNR, false-negative rate
(per cancer diagnosed within 12 months); PPV, positive predictive value.

of women who received a diagnosis of breast cancer to healthy women similar
to the source screening cohort (approximately 0.5%).

P The operating point of each algorithm was set at a specificity as close as

# Benchmark estimates based on stratified bootstrapping to attain a proportion possible to that of the first reader (96.6%).

Mattie Salim, et al. JAMA Oncology 2020



Step 5: External Validation in Screening Cohorts

Table 3. Number of Abnormal Interpretations and Cases Positive for Cancer Detected by Algorithms
and Readers Alone and by Algorithms Combined With the Assessment of the First, Second, or Both Readers

No. (% increase vs alone)

Algorithm . Reader
Assessment L un It 1 2 3 First Second
Abnormal interpretation?
Alone 4441 4331 4236 ;4408 3728
With first reader 7851 (77) 7998 (85) 7847 (85) ENA 5484 (47) Abbreviation: NA, not applicable.
With second reader 7188 (62) 7260 (68) 7139 (69) 5484 (24) NA 2 Based on a total of 113 663
With both readers 8745 (97) 8885 (105) 8762 (107) :NA NA screenings. Observations of healthy
Cancer detected® 5 women have been duplicated to
attain a similar proportion as in the
Alone 605 495 498 source screening cohort (0.5% with
With first reader 655 (8) 620 (25) 623 (25) : adiagnosis of cancer).
%_?;1'4_;/:*} With second reader 664 (10) 638 (29) 643 (29) ;640 (12) NA ® Actual SCTEEH'dET?CFEd cancer
== ee With both readers 667(10) | 653(32) 656 (32) ENA NA (n = 618); actual clinically detected

cancer (n = 121).

Mattie Salim, et al. JAMA Oncology 2020
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Step 6: AI-powered Triaging for Breast Cancer Screening

Screen
Detected
Cancer

0%

100%

75%

%o of exams
(@]
o
X

25%

Proportion (95% Cl)
0 (NA)

Lowest 10%

0
LoweSt Lowest 20% 0 0 (NA)
600/0 Lowest 30% 0 0 (NA)
Lowest 40% 0 0 (NA)
Lowest 50% 0 0 (NA)
Lowest 60% 0 0(NA)
Lowest 70% 1 0-3% (0-0-4-3)
Lowest 80% 9 2.6% (1-1-5-4)
Lowest 90% 14 4-0% (2-1-6-9)
All 347 100-0% (NA)

2.4% 1.7% 0.9% 0.7% 0.5% 0.6%  0.5%
] ! \ ! |

100

Abnormality Score (%)
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AI-powered Triaging for Breast Cancer Screening

Screened female cohort

.

Alscore ||

No radiologist; 60% (lowest Al scores)

ruleout |/
4m/
3% abnormal

mammogram

Double reading and
consensus

37% normal
mammogram

Al score 32-35%

Healthy

rule in

Enhanced assessment;
2-5% (highest Al scores)
for supplemental imaging

Supplemental modality | Nermal MRI

(eg, MRI) l

Abnormal MRI

P Diagnostic work-up

v

Breast cancer detected

Rule Out

used to triage women into a no radiologist work stream when having a
score below a rule-out threshold.

Rule In

an enhanced assessment when having a score above a rule-in threshold
(after negative double reading by radiologists)
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Step 7: Prospective Study

Artificial Intelligence in Large-scale Breast Cancer Screening (ScreenTrustCAD)

ClinicalTrials.gov Identifier: NCT04778670

The safety and scientific validity of this study is the
responsibility of the study sponsor and investigators. Listing a
study does not mean it has been evaluated by the U.S.
Federal Government. Know the risks and potential benefits of
clinical studies and talk to your health care provider before
participating. Read our disclaimer for details.

Recruitment Status @ : Not yet recruiting
First Posted € : March 3, 2021
Last Update Posted @ : March 3, 2021

See Contacts and Locations

Sponsor:
Karolinska University Hospital

Collaborators:
Capio Sankt Gérans Hospital
Lunit Inc.
Karolinska Institutet

Information provided by (Responsible Party):
Fredrik Strand, Karolinska University Hospital

Study Details Tabular View No Results Posted Disclaimer  [£] How to Read a Study Record

Study Description

Go to E

Women 40-74 years of
age in geographical
uptake area invited to
screening

A

Mammogram

acquired

INITAL READ
y Y A
First Radiologist Second Radiologist Al
“flag" or "healthy" "flag or healthy" "flag or healthy"

Brief Summary:

This is a prospective clinical trial following a paired screen-positive design, with the aims to assess the performance of an artificial intelligence (Al) computer-aided detection
(CAD) algorithm as an independent reader, in addition to two radiologists, of screening mammograms in a true screening population. Since all decisions by individual readers
will be recorded, it is possible to determine what the outcome would have been had one or two of the readers not been allowed to assess images, and to determine what the
outcome would have been had the recall decision been performed by consensus decision (actual) compared to single reader arbitration of discordant cases.

https://clinicaltrials.gov/ct2/show/NCT04778670

RECALL DECISION

All say "healthy"?

Woman defined as
"healthy"

No,at least 1
of 3 "flag”

L

Y

Consensus

Healthy

discussion
"recall” or "healthy"

Recall
y

Woman recalled for
further diagnostic

Healthy

work-up

!

Cancer
(pathology-verified)



https://clinicaltrials.gov/ct2/show/NCT04778670

Summary

Based on my experience in commercial AI-based image analysis SWs

- Al technology is a great opportunity.

- Clinical need is more important.

- A business strategy is the most important and Al is just a tool to solve
that problem.
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