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Presentation Outline

 The End TB Strategy Challenges

« TB Diagnostic Challenges

* Molecular Diagnostics

» In-silico Investigations: Gene & Drugs
Discovery

 Artificial Intelligence-aided Decision
Making: CAD4TB

« Take Home Message and Conclusions
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. Vision: A world free of TB. Zero deaths, disease
and suffering due to TB

- Goal: End the global TB epidemic

- Indicators:

- 95% reduction by 2035 in TB deaths
compared with 2015

- 90% reduction by 2035 in TB incidence rate
compared with 2015

. Zero TB-affected families facing catastrophic
costs due to TB by 2035

https://www.who.int/tb/strategy/end-tb/en/

- JI. Prof Bahder Djohan, Kampus Ul, Depok @rs.ui @rumahsakit_ui rs.ui.ac.id ®rumahsakit.ui @
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- Top 10 causes of death in the world, including
the 2" top infectious disease after HIV/AIDS

- 95% occur in low-income people and

responsible in 98% of deaths in low-to-middle
income countries

- Global public health problem due to increasing
numbers of drug-resistant cases

- Emergence of drug-resistance strains and deaths
from TB can be prevented if TB adequately
detected & managed

https://www.who.int/tb/strategy/end-tb/en/
https://doi.org/10.1007/s11033-020-05413-7

- JI. Prof Bahder Djohan, Kampus Ul, Depok @rs.ui @rumahsakit_ui rs.ui.ac.id ®rumahsakit.ui @
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PROGRESS

I3® §

43 million 47% decline in TB HiV-related TB Fragile progress in
lives saved mortality rate deaths down MDR-TB
between 2000 and and 42% decline in by 32% in the last Treatment for MDR-
2014 through effective TB prevalence rate decade TB has increased
TB diagnosis and since 1990 with almost all cases
treatment detected in 2014 started
treatment

https://www.who.int/tb/strategy/end-tb/en/

JI. Prof Bahder Djohan, Kampus Ul, Depok @rs.ui @rumahsakjt_ui rs_ui_ac_id ®rumahsakit.ui
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CHALLENGES

2°n

US$ 1.4 billion 3.6 million TB/HIV response MDR-TB remains
funding gap people with TB needs acceleration | a public health crisis
per year for are missed Antiretroviral treatment, Only one in four MDR-TB
implementation of existing by health systems treatment of latent TB cases detected and one in
TB interventions. An every year and infection and other key two cases cured
additional gap of US$ 1.3 therefore may not get interventions still need
billion exists for research adequate care they further scale-up

need

https://www.who.int/tb/strategy/end-tb/en/

JI. Prof Bahder Djohan, Kampus Ul, Depok @rs.ui @rumahsakit_ui rs.ui.ac.id ®rumahsakit.ui
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Current global trend: -1.5%/year
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Optimize use of
current & new tools
emerging from
pipeline, pursue
universal health
coverage and social
protection

1 u%fyea} by 2025

“Pursuing new scientific knowledge and
innovations that can dramatically change
TB prevention and care”

Rate per 100,000/ ear
i

Introduce new tools: -~
a vaccine, new drugs &
treatment regimens for
75 | treatment of active TB
disease and latent TB

T~ -5%/year

infection, and a point-of- -17%/year
care test
10 :
I I | I I
2015 2020 2025 2030 2035

https://www.who.int/tb/strategy/end-tb/en/

JI. Prof Bahder Djohan, Kampus Ul, Depok @rs.ui @rumahsakit_ui rs.ui.ac.id ®rumahsakit.ui
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Digital health for the End TB Strategy: progress since 2015 and future

perspectives PILLARS AND COMPONENTS
Automated

1. INTEGRATED, PATIENT-CENTRED CARE AND PREVENTION laboratory results

Electronic tools A. Early diagnosis of tuberculosis including universal drug-susceptibility
to help stock testing, and systematic screening of contacts and high-risk groups /[

VOT

management and B. Treatment of all people with tuberculosis including drug-resistant
procurement tuberculosis, and patient support

C. Collaborative tuberculosis/HIV activities, and management of

eLearning for staff

SMS co-morbidities
communication D. Preventive treatment of persons at high risk, and vaccination against
tuberculosis

elLearning for

2. BOLD POLICIES AND SUPPORTIVE SYSTEMS patients

A, Political commitment with adeguate resources for tuberculosis care
and prevention

. Engagement of communities, civil society organizations, and public Digital unique

Electronic and private care providers identifier

notification of . Universal health coverage policy, and regulatory frameworks for case
TB cases notification, vital registration, quality and rational use of medicines,
and infection control

Add-on hardware
to smartphones
to permit clinical
measurement

D. Social protection, poverty alleviation and actions on other
[ determinants of tuberculosis

Mobile phone
credit as enabler 3. INTENSIFIED RESEARCH AND INNOVATION

A. Discovery, development and rapid uptake of new tools, interventions
and strategies

Mobile devices
as resources for
data collection

B. Research to optimize implementation and impact, and promote
iInnovations

Perhimpunan Dokter Paru Indonesia Cabang Jakarta Updates il'l TUberCLl'OSiS Bi0m0|eCU|ar dr. Irandi Putra Pratomo, Ph-D-, Sp-P(K), FAPSR
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https://www.who.int/tb/publications/di
gitalhealth-meetingreport2017/en/

goce
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SITRUST

Sistam Infarmasi Trakivg waluk Spacimen Transpan

TB Management

Language

Information System

u FROM THE AMERICAN PEGIPLE
International Version

Y
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Welcome to e-TB Manager

User not logged in. Please log in first

Strengthening
Pharmaceutical
Systems

SPST

Forgot your password?
Click here

e-TB Manager version 2.0-b1029
Copyright © 2005 Management Sciences for Health, Inc. All rights reserved

https://www.kncv.or.id/pendekatan-ctb.html
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TB Diagnostics Challenges

Microscopy Line probe assay Liquid culture 1st line DST
Same day 48 hours 2-3 weeks 3-4 weeks

Timeline _ Days to diagnosis _ Weeks to diagnosis

Report as drug-sensitive TB

ot &>
_»( Unsuccessful 3
Amp.
|, INHand/or "\
RIF resist.

2nd line DST
6-8 weeks

>

The availability of practical, affordable and efficient
diagnostic solutions in this environment remains one of
the greatest challenges for ending the global TB
epidemic.

NALC-NaOH

sample

0

Liquid
culture

L Y
Option 1: Option 2:
(std MDR-Rx) (ind. MDR-Rx)
* Report as MTB, | | * Report as MTB, =
INH and or INH or RIF ! m_
RIF resistant resistant culture
* No culture + Culture and
« Sputum for 1stand 2nd
culture at line DST
month 3 *Rx
! Inilvigaiized https://doi.org/10.1128/CMR.00059-10

https://doi.org/10.1128/JCM.01582-19
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Other Investigations:
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Molecular Diagnostics

TABLE 1 WHO-endorsed molecular tests for pulmonary TB detection and drug susceptibility testing®

YRSUI

We Provide Outstanding Care

Year Target setting Turnaround Amenable to rapid Reference for
Technology endorsed Method principle Intended use Sensitivity (%)° Specificity (%)? of use time (h) test-and-treat? policy guidance
Xpert MTB/RIF 2010 qPCR MTB diagnosis and 85 (pooled), 96 (RIF 99 (MTB detection)  District or <2 Yes, especially on WHO 2020 (21),
RIF resistance resistance) 98 (RIF resistance) subdistrict Omni platform WHO 2016
detection laboratory (84)
Xpert MTB/RIF ultra 2017 qPCR/melting MTB diagnosis and 90 (pooled), 94 (RIF 96 (MTB detection), District or <2 Yes, especially on WHO 2020 (21)
temperature RIF resistance resistance) 98 (RIF resistance) subdistrict Omni platform
analysis (RIF detection laboratory
resistance)
First-line probe assays 2008 PCR, hybridization Diagnosis of RIF 98 (RIF resistance), 99 (RIF resistance), Reference 5 No WHO 2008 (14)
(e.g., GenoType and INH 84 (INH =99 (INH laboratory
MTBDRplus and resistance resistance) resistance)
NIPRO)
Second-line probe 2016 PCR, hybridization Diagnosis of FLQ 86 (FLQ resistance), 99 (FLQ resistance), Reference 5 No WHO 2016 (15)
assays (e.g., and SLID 87 (SLID 99 (SLID laboratory
GenoType resistance resistance) resistance)
MTBDRsl)
Loopamp MTBC assay 2016 Loop-mediated MTB diagnosis 78 (pooled) 98 (MTB detection)  Peripheral <2 Yes WHO 2016 (16)
isothermal laboratory
amplification
Truenat MTB plus 2020 Micro RT-PCR MTB diagnosis 80 (pooled) 96 (MTB detection)  Peripheral <2 Yes, on Truelab WHO 2020 (21)
laboratory platform
Truenat MTB-RIF Dx 2020 Micro RT-PCR Diagnosis of RIF 84 (RIF resistance) 97 (RIF resistance) Peripheral <2 Yes, on Truelab WHO 2020 (21)
resistance laboratory platform

9FLQ, fluoroquinolone; INH, isoniazid; LAMP, loop-mediated isothermal amplification; NAAT, nucleic acid amplification tests; RIF, rifampin; RT-PCR, reverse transcriptase PCR; SLID, second-line injectable drugs; SSM+/C—,
sputum smear microscopy positive/culture positive; SSM—/C+, sputum smear microscopy negative/culture positive; WHO, World Health Organization.
bPerformance estimates have been retrieved from different studies and are not the result of head-to-head comparisons. Therefore, comparing performances between tests must be made with caution. All reported values
are from the policy guidance document cited.

https://doi.org/10.1128/JCM.01582-19
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GeneXpert system

Xpert MTB/RIF
assay

https://doi.org/10.1183/09031936.00157212
5 20 80 Samples per shift 500-1000 (CDOO
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Feature

( Speedy )

Genoscholar kits can get drug resistance
information in one day.

Conventional method (1month) >

} Genoscholar kit (1 day)

(' Multipe )

Genoscholar kits can detect 15t line TB drug resistance (Rifampicin, Isoniazid and
Pyrazinamide) and 2™ line TB drug resistance (Fluoroguinolone and Kanamycin)

simultaneously. ﬁ m
o <Eluoroguinolone>
TB positive - Loroguinolo
> ~Kanamych

@etectiun of NTM)

It Is possible to interpret not only M. fuberculfosis but also non tuberculosis
mycobacterium (NTM) in one test.
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Genoscholar™ NTM+MDRTB i

» Detect Rifampicin and Isoniazid resistance in 1 day WHO endorsed
by 1 single test.
= |[dentify not only M. fuberculosis but also M. avium,

M. intracellulare and M. kansasii. —
M. awium
» Make test results available from direct samples or cultured materials. M. intraceliulare

. fubsrculosiz

= Easy visual interpretation.
» Highly sensitive and specific detection.

(202) (177)

% Rifampicin
RFEP#1 LPA profile INH*1 LPA profile —
Susceptibility . Wild Susceptibility . Wild
Mutation Mutation

(n) Type () Type
RFFP istant INH istant Isoniazid
-resistan -resistan

(172) 159 13 (198) 179 20
RFP-sensitive 5 187 INH-s2nsitive 1 176

Sensitivity - 92.4% (159/172) Sensitivity - 89.9% (179/199)
Specificity - 97.5% (197/202) Specificity - 99.4% (176/177)

#1 Non-inferiority Evaluation of Nipro NTM+MDRTE and Hain GenoType MTEDRplus V2 line probe assays (WHO report) 3

“YRSUI

We Provide Outstanding Care
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Genoscholar™ PZA TB Il

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

* Detect Pyrazinamide resistance in 1 day by 1 single test.
* Make test results available from direct samples or cultured materials.

» Easy visual interpretation.
* Highly sensitive and specific detection of Pyrazinamide resistance.

PZA*1 LPA profile

Susceptibility (n) Mutation Wild Type

PZA-resistant

(58) 52 5]
PZA-sensitive
(250) 10 240

Pyrazinamide
Resistance

Sensitivity -~ 89.7% (52/58)
Specificity - 96.0% (240/250)

YRSUI

We Provide Outstanding Care
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* Detect Fluoroquinolone and kanamycin resistance in 1 day

with only 1 single test.

» It Is possible to get result from direct sample or cultured

matenal.

* Easy visual interpretation.
* Highly sensitive and specific detection of FQ/KM resistance.

FQ
resistance

FQ*1 LPA profile KM*2 LPA profile

Susceptibility i Wild Susceptibility i Wild
Mutation NMutation
(n) Type (n) Type
FQ-resistant KM-resistant
(57) 53 4 (22) 22 0 KM

FQ-sensitive 0 146 Ki-sensitive 5 59 ezt lilis

(146) (62)

Sensitivity ~ 93.0% (53/57)

Specificity ~ 100 % (146/1486)

Sensitivity - 100 % (22/22)

Specificity - 95.1% (59/62)
3% 1 5. Mitarai et al. - J. Clin. Microb. 50:884-890(2012)

# 2 In-house result

dr. Irandi Putra Pratomo, Ph.D., Sp.P(K), FAPSR

(RUO)

ayrA LC,
51, 52

gyrd R1,R2a
R2b, RZc,
R2d
s LG, 53,54

gis LC, 55,56

s R3a, R3b
Ric, R4

eis R5, Hiba
REb, Réc

YRSUI
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SINCE 1828 in silico

Dictinna Thesaurus

111 Sl]lCO adverb or adjeclive
6 Save Word

insilicco | \in-'si-li- ko @\

Definition of in silico

. in or on a computer : done or produced by using computer software o simulation

/1 in silico predictions

/1 dissect a frog in silico

https://www.merriam-webster.com/dictionary/in%20silico (CDOO
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Sample Culture Seq uencing Data file
/d, : : N _ Online
- } deposit
|
Read mapping Variant calling
G C A
- y - M. tuberculosis
| “ - H37Rv
' - 4,411,529 bp
_ SNP table -
| Position SMP
18253 C
23007 T
Drug resistance Clustering Strain typing
Pasition = SMP | Gene | Mutation | Drug Pasition | SNP  Gene  Lineage
761109 C rpoB | Asp435Tyr | RIF 5520 T gyrB | 4321
2155168 | T katG | 5er315Thr | INH 14730749 A rs M. microti
Reporting
M. tuberculosis sequencing report https://doi.org/10.1038/s41579-019-0214-5
Patient: John Smith Cluster detection https://doi.org/1 0.1038/31159
L . | Birthdate: 27 Feb 1959 Cluster 48 -
Drug susceptibility Strain infermation
EIF Resistant Lineage 4
INH Susceptible
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A Distribution of SNPs and Resistance Mutations

XDR Minority

XDR Maijority

114 SNPs
Kanamycin
Prothionamide
Pyrazinamide
Amithiozone

1190 SNPs
Ethambutol*
Isoniazid*
Moxifloxacin*
Rifampin*
Streptomycin

95 SNPs
Kanamycin
Prothionamide
Pyrazinamide
Streptomycin
Amithiozone

B Phylogenetic Analysis

XDR Minority
08-14514 S
08-14546 S

08-14300 S
08-14391 S
08-14487 S
08-14558 S
08-14559 S
08-14304 S
08-14471 S

08-14365 S
08-14543 S
08-14477 S
08-14357 S
—— 05-08961 L
——— 08-14358 S

Ofloxacin®
Gatifloxacin®
Levofloxacin®
Rifapentine*

Rifabutin®*

0814569 §
L 08.14443 5
20514493 5
— 0814310 S

08-14556 S

——— 08-14567 S
—— 08-14329 S

08-00483

u 08-14361 S
08-14486 S

08-14337 S
08-14350 S

08-14521 S
08-14377 S
08-14303 S
1 08-14306 S
08-14370 S
05-03798 L

0503633 [
-E 05-06899 L
05-10261 L

05-12611 L
—1___ 05:09310 L
05-03802 L

06-01971 L
08-14389 S

05-04169
T 0602537

e 06-02213
— 05-11459

L— 05-12834

| I H37Rv
08-14553

05-06342

05-04575
4[—1:05_043 54
08-14522

06-01909

. 05-07509
05-10091 M. africanum

Clade A

XDR Ma'%ority

Clade B

Beijing

Central Asian

Euro-American

East African—Indian

West African 1
06-01910 M. orygis

1

06-01518 M. bovis
05-03289 M. bovis BCG

210 SNPs

Animal strains

YRSUI
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https://doi.org/10.1056/NEJMc1215305
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A DST methods B. Whole Genome Sequencing methods

B APM on 7H10 B 454 Pyrosequencing We Provide Outstanding Care

B APM on 7H11 B lllumina HiSeq coverage (20X-350X)

MGIT960 8 Illumina Miseq (>5X)

B MABA B GenomeAnalyzer lIx (lllumina)(>118X)

B REMA B [llumina Nextseq (40,5X-127,5X)

BMD in 7H9 broth B Not specified

- : T2C (VallAla)
0 10 UKMYC5 E lllumina pIatfprm (154X) A97G (Thr33Ala)
59 m 1 138_139insG
'ﬁ 81 141_142insC
O 7 . C189A (Ser63Arg)
S gl Bedaquiline | 197 193insG A83G (Asp28Gly)
2 &l - 193_delG Ile67fs A83T (Asp28Val)
& j;f Arg72Trp (C214T) G183T (Glu61Asp)
v 47 Argl35Gly (C403G) / G187C (Ala63Pro)
s |
s |1 Ro0678 (498 bp) | atpE (246 bp)

1' e bsd % : I I P P
< L NN I . EI = e /
Bedaquiline Delamanid Bedaquiline Delamanid
Drug evaluated Trp-88STOP
Delamanid ddn (456 bp)

https://doi.org/10.3390/antibiotics9030133
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Structure-based strategies Ligand-based strategies 0 RS U I

:/ Binding site and druggability prediction \ / Correlation of ligand structure
S BI0RGUVIY OF DRFEIODONIION DROperies We Provide Outstanding Care

1'“” dintsluns: Integration of strategies )
- . Virtual sereening and drug design

b i K { W \ Polypharmacelogy and target fishing
e - B P e
similarity | Hh A ok | il ' el £ F.
i:E" ;.:J'x [< . %{? -
- W nl el ; E ey

v ae

~,

incorporation of flexibility, solvation,
and other enargy terms

...and others

(30 structure prediction, free enengy
calculations, elc.)

...and others

] ! {in sico ADME Tox, scafiold hopping,
| | activily cliffs, elc. )

https://dx.doi.org/10.3390%2Fmolecules25030665
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Meaningful
Compression

Structure Image

Ciusramer Retention
Discovery Chassification

Big dama

Visualstaion

Faature Idenity Fraud

Classiication Diapnostics
Elicimtion Dataction : :

Recommender g — Advertising Fopulariny
Syscems UI'ISI.I[JE:I.'-'IEECI Sl_jpEl vised Pradiciian
Learning Learning Weather
Forecasting

Clustering Regression

Machine Popizion

Targetted

Marketing Marke

Forecasting

Customer

S _carning

Estimating
e expectancy

Real-time declsions Game Al

Reinforcement
Learning

Robar Mavigation Skill Araquisiton

Learning |asks

https://dx.doi.org/10.1186/512874-019-0681-4
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How Supervised Machine Learning Works

STEP | STEP 2

Provide the machine learning algorithm categorized or Feed the machine new, unlabeled information to see if it tags
“labeled” input and output data from to learn new data appropriately. If not, continue refining the algorithm

Label r— )
“CATS” w ' 4

e/ |

"NOT CATS”
MACHINE l %m '@‘

TYPES OF PROBLEMS TO WHICH IT’'S SUITED

d Do

MACHINE

o CLASSIFICATION REGRESSION
o % Sorting items Identifying real values
e ® % into categories (dollars, weight, etc.)

’5. Perhimpunan Dokter Paru Indonesia Cabang Jakarta Updates il'l TUberCLl'OSiS Bi0m0|eCU|ar dr- Irandi Putra Pratomo, Ph-D-, Sp-P(K), FAPSR
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https://dx.doi.org/10.1186/s12874-019-0681-4
https://www.uc.ac.id/ict/perbedaan-supervised-
learning-and-unsupervised-learning/
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How Unsupervised Machine Learning Works WY ke
€ Froviae vutstanding Lare

STEPI

Provide the machine learning algorithm uncategorized, Observe and learn from the
unlabeled input data to see what patterns it finds patterns the machine identifies

) &) (@)
Q_p SIMILAHTGH[]UP I

.

d o
SIMILAR GROUP 2

MACHINE MACHINE ‘ m ‘ m [ m

TYPES OF PROBLEMS TO WHICH IT'S SUITED
CLUSTERING ANOMALY DETECTION https://dx.doi.org/10.1186/s12874-019-0681-4

Identifying abnormalities in data https://www.uc.ac.id/ict/perbedaan-supervised-

Identifying similarities in groups

For Example: Are there patterns in For Example: |s a hacker intruding in learning-and-unsupervised-learning/
the data to indicate certain patients our network?

will res ond:better to this treatment

than others:
@olElY
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2 Hidden Layers

/' 1 Hidden Layer n Hidden Layers \1

Sigmoid function: g(a) = —L_ \

Hyperbolic tangent: gi(a) = tan hia) = ==

T

Softmax: gla) = < 4

e J—

Recufied linear unit (ReLU): g{a) = max(0, a)

https://dx.doi.org/10.3390/app9081526
Softplus: g{a) = log(1 + ) e

Absolute value rectification: gla) = |a|

Maxout: g,(x) = max (& + w; - x) :
i @‘0 @@
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Auditable Algurltl'lms Black Boxes We Provide Outstanding Care
Simpler models including Complex models including
multiple regression and Better for complex* data o neural networks and some
decision trees. Support Vector Machines.

Non-linear relationships
between predictors and
outcomes make interpretation
extremely difficult.

Linear relationships
between predictors and
outcomes facilitate
interpretation.

Share few commaonalities to
statistical technigues.

Many commonalities to
statistical technigues.

Computationally ‘cheap’ Computationally 'expensive’,
consumer PC. time to build models.

* 'Complex’ data could refer to data which do not have a inear relationship with the outcome, such as a pixel in an image, the frequency of awave in a
sound bite, or movement data captured by a smart phone.

https://dx.doi.org/10.1186/s12874-019-0681-4 (CDOO
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# NN Parameters
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Oversized NNs

Undersized NNs

Neural network Size

Data Size

Loss Function

#f Data I

dr. Irandi Putra Pratomo, Ph.D., Sp.P(K), FAPSR

Deep NNs

Shallow NNs

big data

Low data

https://dx.doi.org/10.3390/app9081526
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We Provide Outstanding Care
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fc_3 fc_4
Fully-Connected Fully-Connected
Neural Network Neural Network

Conv_1 Conv_2 RelLU activation
Convolution Convolution | /—M

=
(5 x 5) kernel Max-Pooling (5 x 5) kernel Max-Pooling (with
valid padding (2x2) valid padding (2x2)

\\.dropout)
A S S A A N
Id N r N

INPUT nl channels nl channels n2 channels
(28 x 28 x 1) (24 x 24 x n1) (12x12 x nl) (8x8xn2)

(4 x4 xn2)
OUTPUT

n3 units

https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-
neural-networks-the-eli5-way-3bd2b1164a53 @ 0C10
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CADATB versions versus Xpert
N=5565(Pos=854, Neg=4711)

—— CADMTE vE, Az=0.B85 (1.874 - 0.E94)

CADATE v5. Ar=0.865 (0,653 - 0.6TE)
—— CADATE vd, Az=0.B78 (00864 - 0.B84)
— CADATE v3, Az=0,704 [0.TE] - 0.B07]

ol 0.z 0.3 0.4 0.5 LB .7 0.8 0.9 1.0

1 - Specificity

Perhimpunan Dokter Paru Indonesia Cabang Jakarta

Artificial Intelligence Era of Pulmonology and Respiratory Medicine:
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CADATB versions versus Radiology Reference
N=500{Pos=338, Neg=162)

1a

aﬂ.ﬁ
=
=
;oA
=
a
(]
0.4
&3
0.z
—— CADATE w6, Az=0.9E7 (D.941 - 0.994)
01 CADATE w5, Az=0.949 (0,934 - 0.264)

—— CADATE w4, Az=0.948 (0,530 - 0.969)
= CADATE v3, Az=0.8%96 (0,856 - 0,928}

o1 0.3 0.3 0.4 oS 0.E 0.7 DB .9 1.0

1 - Specificity

D-‘
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Sensitivity

1.0

0.91 -

D_B T P R

0.7 1

e
o

o
in

0.4 -

0.3+

0.2 -

0.1+

Cost and Throughput analysis, CAD4TB v6 vs CAD4TB v3

0 4 8 12 0 50 100 15

1

0 4 8 12 0 50 100 150

L

0 4 8 12 0 50 100 150

0 4 8 12 O

C_avg (%)
Cost per Screen

50 100 150

@ (num cases)
Daily throughput

Without CAD4ATB

:
D

0 4 8 12 0 50 100 150

C_avg (%) & (num cases)
Cost per Screen . Daily throughput

—— CADATE vb
—— CADATE v3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

1-Specificity
greEe

https://doi.org/10.1038/s41598-020-62148-y
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Adapt or perish, now as ever, is nature’s
inexorable imperative.

(H. G. Wells)
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