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Evolution of Cancer Therapy

Traditional cytotoxic Biology-centric & biomarker-linked therapies have replaced traditional drug development
chemotherapy
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Genomics has redefined the therapeutic landscape in
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Precision Medicine: Information-directed Decision
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. Genomics - 1 drug targets for patients with advanced malignancies.

. However, in the case of treatment-refractory cancers, there exists an
Information challenge involving drug selection and finding clinical
trials, calling for multidisciplinary input due to the clinical complexity.
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Molecular Screening and Therapeutics

(MoST) -
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Australian with late stage
‘ cancer and standard
treatments not working
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Referral to
Omico

Prioritising rare cancers
Hybrid distribute /
central model of consent

CONSENT to participate

ECOG 0-2; ; suitable for active treatment
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Depending on the results, a patient
may join a clinical trial or receive
an alternative treatment option
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Molecular Tumor Board
reviews results and makes
recommendations
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Australia-wide precision oncology
program

Matching cancer patient’s molecular
alteration to therapeutic options and

NHMRC

@ SYDNEY

ACT | actHeaten

RHH



INFO

JULY 2023 | SYDNEY,
AUSTRACIA

Institutional Molecular Tumour Boards
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Oncologist (100%) expertise expertise

Pathologist (91%) Tumour profilin Biomarker \ Decision
Geneticist (89%) P g interpretation ' Implementation
- - 0
B|0|nformat|;|an (38%) Role of MTBs
Mol.biologist (25%) - oW . & ~ <
Pharmacist Review Review Review Gensoerlneiggll ] Assist with Clinical
Radiologist clinical gene pathway informedy Matched trial follow-u
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AN AN /) \_clinical trials
Adapted from Patel et al. Clin Pharmacol Ther. 2018; Rieke et al, JCO PO 2018; van der Velden 2017;

@ThelnstituteDH  #MEDINFO23 3070
Zena et al. JCO Clin Cancer Inform 2019: Pishvaian et al. JAMIA Open 2019.




INFO

8 =12 JULY 2023 | SYDNEY,
AUSTRACIA

Institutional Molecular Tumour Boards
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Adapted from Patel et al. Clin Pharmacol Ther. 2018; Rieke et al, JCO PO 2018, van der Velden 2017;
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Addressing the Info Need by the MTB: an Al-

I;emsmn support (DSS) design: ‘ ‘

Knowledg  curator

- Information synthesis after variant
interpretation

- Linking knowledge to action: Structuring
the complex, up-to-date knowledge by
linking with an therapy database and
annotated trials registry.

MTB experts

- Interaction with multidiscplinary experts: 'me:fac Knowledge-based (if&sRgent)
A platform for streamlining the reporting of system
recommendations, translating l

clinicogenomic data onto therapies and

trials | Molecular report  ZENHMRC Gerven siute
@ThelnstituteDH #MEDINFO23 y@fpylln with Clinics| Trials Can P of Medical Research
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Al-DSS: Architecture of MTB support system for
|

) 4
“Gentian” - the variant

interpretation pipeline

—_— - MfoS:"VVeb‘:ng"_agst'e‘ﬁ“ﬁ“ for
virtual multidisciplinary
discussion, trial filtering with
integrative information display &

@ThelnstituteDH  #MEDINFO23 W afpylin Precision Oncology Clinical Reporting with Recommendations
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Precision oncology treatment and trials
recommender - Symbolic Al engine for
integration of clinicogenomic data

TOPOGRAPH KB and—
prioritisation strategies for
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Al-DSS (1) : Evidence-based therapy KB

A curated knowledgebase of
biomarker-driven therapies for

: T‘po G RAP H advanced or metastastic cancers

in solid tumours

https://topograph.inf : : —
To address the following questions in clinic:

o/ _ _
Therapy-focused - Does a therapy work when a biomarker is

knowledgebase for present/absent? |
_ | - Are there new therapies?
precision oncology - How does resistance mutation influence drug activity?

- How should treatments be pnon]:sed?

[umor profimn . . \ Evidence-base . o

o P . 9 Biomarker/variant \ Clinical decision
Bioinformatic int tati 4 therapy imol tafi

@Thel . interpretation recommendation mplementation
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Al-DSS (1) : Evidence-based therapy KB

0 - Data
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@ThelnstituteDH  #MEDINFO23 W @fpyiin https://topograph.info/; Lin et al. npj Precis Oncol 2021; 5: 58
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Al-DSS (2): Symbolic Al engine

« Using hierarchical decision
analysis to model of oncologist’s
decision-making steps

« Precision Oncology Treatment and - weame
Trials Recommender (POTTR)

- Novel symbolic expert system (ES) as
intelligent agent, integrating 10+ databases

and ontologies.

- “White box” system to allow full audit and

explicit fine-tuning of recommendations

@ThelnstituteDH #MEDINFO23 Wafpylin Lin. BioXriv 2020; 10.1101/2020.11.15.383448v1

Ontology matching and
Concept expansion

\J
Evidence matching

\J
Evidence grading and
value-based prioritisation

\/
Clinical hypothesis
generation

Y
Recommendation
ranking

\J
Recommendation
filtering
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AI'DSS (2) SymbO“C AI englne Rule-based system

S Forward Chaining

ERBB2:Y772_A775dup => ERBB2:A775_G776insYVMA

catype:NSCLC => catype:DOID:3908

Ontology mapping / expansior10+ Ontol 0g ies

ERBB2:A775_G776insYVMA; catype:DOID:3908 => Evidence matching

ERBB2:treatment:Trastuzumab Deruxtecan (TOPOGRAPH LOE: 2)
[CERTAIN: treatment; evidence:34534430, 10.1016/annonc/annonc741]

ERBB2:treatment:Trastuzumab Deruxtecan (TOPOGRAPH LOE: 2) Recommendation tiering/ LOE assignment against TOPOGRAPH
=> recommendation_tier:Trastuzumab Deruxtecan:2

. . Drug sensitivity prediction (direct)

recommendation tier:Trastuzumab Deruxtecan:2
=> sensitive to:Trastuzumab Deruxtecan

sensitive to_drug class:anti-ERBB2_antibody-drug_conjugate; NOT therapy sens predicted:Trastuzumab Deruxtecan; NOT
resistant_to_drug class:anti-ERBB2_antibody-drug conjugate; NOT resistant_to:Trastuzumab Deruxtecan; sensitive_to:Trastuzumab Deruxtecan =>
therapy_sens_predlcted.Trastuzumab Deruxtecan; sensitive_ to:Trastuzumab Deruxtecan D - L
rug sensitivity prediction (indirect)
sensitive_to:Trastuzumab Deruxtecan Therapy recommendation
=> therapy recommendation:Trastuzumab Deruxtecan:2

sensitive to_drug class:anti-ERBB2_antibody-drug_conjugate; catype:DOID:3908; ERBB2:oncogenic_mutation; NOT EGFR:oncogenic mutation; NOT
BRAF:oncogenic_mutation; NOT ALK:fusion; NOT ROS1l:fusion; *NOT prior_therapy:ALK inhibitor; *NOT prior_therapy:BRAF inhibitor; *NOT

prior therapy:platinum-based antineoplastic agent . - . . L
- - preferenti;l trial id:NCT04644237 Preferential trial identification and prioritisation

Variant normalisation 60.000+ pl’OdUCtiOﬂ rule
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-DSS (2): Symbolic Al engine

Value-based

prioritisation

Ontology expansion Evidence matching

Therapy grading by assessing Drug

curated evidence in KBs

clinical trial

Therapies not

Therapies curated in KB
curated in KBs

identification

c”"'“' T LOE(e,). LOE( Log": Se bels
Variant (R) = max( LOE(s, I. (c). (¢))  Sensitive = T(R) belongs senstve ters Drug inica
slomamr WO,W fontology} ,,,m,,m forallRin(R,, o e lea Resistance = T(R) belongs resistance tiers Btoloa {database’
knowledge base entr l‘{ mawmerapy—cawva Order of LOE is custom defined and is.
9. Disease 0g. MiSO \coKB. eg. NCI ‘Tiplet. Order of LOE s cuisiom defined. knowledge-base dependent. e.g. clinicaltrials.gov, ANZCTR
Ontology SR thesaurus
arker: Therapy L (therapy): (Therapy): Sensitive to Preferential trial identification:
KRAS G12C Histotype Speaﬁc (NSCLC): » AMG-510:3 »AMG-510 (Therapy): 4 NCT02857270 [LY3214996]
KR4S teraion > AMG-510 (3) Binimetinio:4 > Binimetinib % AMG-510
codon 12 m\smse variant 054memmh (Rz; Cobimetinib:4 » Cobimetinib \TG-01: 4NCT02974725 [LTT462; Trametinib]
RAS codon 12 mutati Histotype agnostic (solid tumours) Trametinib:4 » Trametinib Binimetinib
Kras 6120 R KRAS exon 2 missense mutatonil) » > AMCS10(4) ¥ NCT03178552 [Cobimetinib]
Resistant to (Therapy): < Cs3006
P mutation > Osimertinib % Cobimetinib > NCT03337638 [Cobimetinib]
KRAS missense variant ~ Trametinb (4) GDC-0994 %
KRAS mutation ! istotype agnostic (inferred) < LTT462 NCT03516123 [CS3006]
| | , CRC) < LY3214996 5
> 7 Ly3ageass NCT03600683 [AMG-510]
LOE: Py class) o]
Histotype specifc (NSCLC): | > KRASGIaC mmm(nr 3 > KAs Grac inhibitor R NCT03905148 [PD-0325901]
Cancer type: | > rascizcin \nmmv @ MEK int > MEK i -y -
Lung non-small cell carcinoma 4 > SHP2 inhibit it RCI oo , Bhadiny NCT04000529 [TNO165]
Catype NSCLC Lung carcinoma » EGFR mmbnor 36 (R2) SHP2 inhibitor:4 » SHP2 inhibitor > Trametin. ANCTO4165031 [LY3499446]
g cancer Histotype agnostic (solid tumours) -
Lung disease > KRAS G12C inhibitor (4) istant to (Therapy class):
Carcinoma > ERK inhibitor (4) EGFRinhibitor.3G:R2 R phi
Solid Tumours |~ MEK inhibitor (Ay
| | Histotype agnosik
| RAS G12C mmumr us cRc) !
Bl .l
The DSS constructed using a purpose built expert system shell with a not
forward-chaining reasoning engine. Oncology domain knowledge is g mmﬂ:ﬂ; k:'m:;y-(m-; e m::gﬂm;yﬂxg; S
symbolcaly sncoded by IF-THEN peodiclon nfen. For exarps, = eradrhesd e
= Producing therapy recommendation rank: of evidence such that: and drug classes such

Fact tagging and Inference tracking:
The inference engine records all previous states (facts) that activate the.
consequent rules as tags, permitiing “look-behind" assessment of best
matched evidence. For example, for the following rule set:

For given state A, the output will return the following states (facts), such
that:

E (a7 D)
where [ .. ] are the recorded tags associated with the correcting fact

R=(R,A,
mrm<'r(a)< L<TR)

-

Filtering of recommendations

By Custom cincal cera (6.9, restment histor

N

R'=(0,0,...0)
where T, (0 <T_(0,)<...<T,(0)

v

Filtering of recommendati
By cusiom cinica rta (69, reatment Wistory)

n

porting
User interface / clinical reports

User interface / clinical reports

=
where T, m)a m,<

L<T ()

Filtering of clinical trals lis
By custom crteria (e.g.. eigiilty crieria)

W

Reporting of recommendations:
User interface / cinical reports

Variant-variant interaction

Variant-clinical variable interaction
Boolean logic inference
Treatment options prioritized by
evidence-based strength of
recommendation algorithm

Entire hypothesis state-space is
evaluated

Inference tracking allows rational
prioritisation and explanability

Identification of evidence gap through
contingency reasoning

@ThelnstituteDH
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cnv_size description  exon clinvar cosmic alterati..

A - BRCA2 13 21.12 18 1052 0.53 4284dup Q14295fs*9  11/27 HIGH - lof var
CDKN2A 9 38.61 08 254 0.21 247C-T HB3Y 2/3 MED lof var
Clinical and Molecular Summary
KRAS 12 18.58 09 802 0.17 34G>C G12R 2/5 MED gof var
Cancer History Treatment History »
RNF43 17 23.07 10 1071 0.14 450+1G>A HIGH problo...
55 Pancress, NS Adsnecarcinoma, NOS SMAD4 18 57.21 19 966 027 1082G>A R361H 9/12 MED lof var
I
TP53 17 22.26 13 1025 0.14 724T>C C242R 7M MED problo..

20230607-MoST-5ATSOS00_K8734 [ |

Prior to DSS implementation After DSS implementation (New clinical report)

Drug class recommendations Specific drug and class recommendations

No clinical trial recommendations Specific trial recommendations with evidence-based prioritisation
Tiering through MTB consensus Tiering through evidence-based knowledge base (KB) and

symbolic Al

Olaparib B BRCAZ Cisplatin + Gemeitabine A BRCA2

@ThelnstituteDH #MEDINFO23 Wafpylin
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Results — Impact on Scalability of Research and
Servriroc

. Ensuring accurate and
contemporaneous
recommendations based on
clinicogenomic profile

1000 A . .
« Successful implementation at
a national level, now enrolled
500- over 7,000 Australian patients
with refractory advanced
- cancer
0-

1500 4

Number enrolled

2016 2017 2018 2019 2020 2021 2022 . Increased weekly case
Year numbers reviewed by gae ... e

@ThelnstituteDH #MEDINFO23 y@fpylin board ten_fol SJ{“‘“_C‘_‘:EE'E:":&DP rpgedical Research
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Results — Schema of Before-After Implementation

Inclusion criteria:
Adult patients (age = 18 years) with
treatment refractory solid tumours.
Referred to MoST for molecular screening

Before: historical MoST cohort

prior to the implementation date

and received a report.
Patients without a matched or ineligible to

participate in a MoST molecular matched
substudy.

Implemented: July

After: Cohort with MTB

recommendation through the
DSS pipeline (N=500)

Objective: Primary endpoint:

- To examine the utility and impact of systematic treatment and trial - Rate of patients participated in biomarker-linked clinical trials after genomic
recommendation system by a MTB in patients with treatment-refractory profiling

cancers.

Secondary endpoints:
- Rate of patients participated in any clinical trials after profiling
- Overall survival (OS) from the first subsequent therapy following sequencing

Preliminary and unpublished results. Please do not

Study design:
- Retrospective Cohort Study in the MoST program populations

@ThelnstituteDH  #MEDINFO23 Wafpylin
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Preliminary Results: Study Cohort

e 4,173 patients with rare and

' refractory solid tumours enrolled

through MoST program (2016-2021)
|

3,383 were alive and had valid
genomic sequencing results

1,318 received >=1 line of systemic
therapy after molecular profiling

171 received MTB recommend-
ations and participated in

1,147 received therapy where research program-specific trials

\ 4

recommendation was not specific to
a research program

@ThelnstituteDH ~ #MEDINFO23 W @fpyin Preliminary and unpublished results. Please do not
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Preliminary Results: Impact on Trial
Partrcipation

Biomarker-matched clinical Any clinical trials:

Before DSS implementation 843 43 (5.1%) Before DSS implementation 843 126 (14.9%)
After DSS implementation 298 24 (8.1%) After DSS implementation 298 61 (20.5%)
Chi-square test, df=1, p=0.085 Chi-square test, df=1, p=0.034

@ThelnstituteDH ~ #MEDINFO23 Y afpyin Preliminary and unpublished results. Please do not
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Preliminary Results: Survival Outcomes

Prior to DSS imnlementation After DSS implementation
1.0 Not received MTB recommended therapy (N=699). 9.8 mo(95%CI: 8.7 - 11.0) 1.0 Not received MTB recommended therapy (N=239): 8.2 mo(95%CI: 7.0 - 9.4)
Received MTB recommended therapy (N=144). 11.5 mo(95%CI: 8.1 - 16.2) Received MTB recommended therapy (N=59): 13.2 mo(95%CI: 10.3 - NR)
HR:0.95 (95%CIl:0.8-1.2) HR:0.54 (95%CI:0.4-0.8)
p=0.647, Log-rank test p=0.002, Log-rank test
0.8 08 -
© ©
2 =
Z <
2 0.6 2 0.6
° Adjust HR: 1.07 S Adjust HR: 0.55
= i = |
g o4 (95% CI1 0.87 to 1.31) 804 (95% CI1 0.37 t0 0.81)
& p=0.543 = p= 0.00265
0.2 0.2
L}
-+ Li.
0.0 H 0.0 - |
T T T T T T T T T T
0 10 20 30 40 0 10 20 30 40
Time from the next systemic treatment (months) Time from the next systemic treatment (months)
No. at risk No. at risk
Notrecv'drec'd 699 319 132 45 18 Notrecv'drec'd 239 S7 10 1 1
Recv'd rec'd 144 74 34 9 6 Recv'd rec'd 59 32 9 9 9
@ThelnstituteDH ~ #MEDINFO23 W @pylin Preliminary and unpublished results. Please do not
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Summary

. Al-enhanced DSS plays a crucial role by facilitating multidisciplinary
decision-making through structured treatment and trial
recommendations.

- Provides timely recommendations to referring oncologists, potentially improving trial
participation and survival outcomes in patients with refractory cancer.

. Through enhanced recommendation accuracy and efficiency, AI-DSS
utilisation has facilitated the expansion of research programs to a
national scale, enabling seamless handling of substantial volumes.

« The benefits of integrating DSS into precision cancer medicine will be
determined through further analysis and prospective studies. —

. . E 7M R C Garvan Institute
@ThelnstituteDH  #MEDINFO23 Wafpylin i Core QA of Medecal Reseach
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