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||i|| Europe is leading in national Clinical Cancer Genomics programs

/ e Countries have very different health care systems

Government-driven national programs
UK: NHS/Genomics England

FR: 2025 France Genomic Medicine Plan
DK: Danish National Genome Center
DE: GenomDE

(EU: 1+M Genome Project)

Bottom-up, government funded
SE: Genomic Medicine Sweden

Qa2 Bottom-up, philantropy
NL: Hartwig Medical Foundation
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||=|l The learning care/innovation cycle —for better care

uilding a database for research
through routine care
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research

Patient healthcare
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||i|l WGS can uncover a wealth of relevant information

G T, Cancer drivers from genome-wide variant calling

I,ﬁ = B - small and structural variants

=5 v\ - purity and ploidy

_" _-jf’ \ 3 - bi-allelic, subclonal, driver vs passenger
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||=|| Hartwig WIGITS: comprehensive, efficient and flexible data analysis

WiGITS N

PAVE
COBALT
AMBER
ESVEE

LINX

Purity, ploidy, copy number, drivers PURPLE
HLA typing || eac
Teleomeric analysis TEAL
Neoepitope prediction . NEO
HR DNA repair status CHORD
Tissue of origin prediction . CUPPA
Expression analysis O ISOFOX
V(D)) recombination detection . CIDER
Viral integration detection . VIRUSBreakend
Mutational processes . Sigs
Pharmacogenetics PEACH

Data integration & reporting ()4 )H | ORANGE

Hartw19 \;v ‘\v@,\» O oS & pore

0‘& 0‘ \}é\ WG{T)SO nly

[ielt I'\' HUTETTHU!

Multi-platform support

Fast, inexpensive &
runnable anywhere

Universal NGS Pipeline

Longitudinal patient
analysis

llumina

AN A
GENOMICS

Open source software

preq
3¢ nextflow nf-core/ Z

Vamn oncoanalyser

=S 3 aws
(Stephan Watts, Oliver Hofmann, UniMelb)

Panel, WES, WGS
Paired and tumor-only
Tissue (FF, FFPE) and cfDNA

Multimodal (DNA, RNA,
CtDNA)

Disease monitoring

https://github.com/hartwigmedical/
https://nf-co. re/oncoanalyser/




l|.|I Fully automated (d

@ Hartwig
OncoAct tumor WGS report

Summary

PRIMARY TUMOR LOCATION PRIMARY TUMOR TYPE
m Melanoma

The informabon regarding the primary tumor locabon and type, and the information related
10 the taopey. 16 based on information receved from the ongnating hospital

Summary of most relevant findings

- Molecular tizzue of origin prediction: Melanoma (likelihood: 99.6%).

- TERT (c.-125_-124deICCinzTT) promoter mutation.

- CDKN2A (p.AlaB8fz, p.GlyB3fz) inactivation

- BRAF (p.Val600Glu) activating mutation, pozzible indication for BRAF and/or MEK
inhibitors (clinical trial),

« PTEN (copies: 0) loz: zzible indication for PI3K inhibitors (clinical trial).

An overview of all detected cancer azzociated DNA aberrations can be found in the report

Further intorprotation of these results within the patient's chncal context is required by a chician with

support of a molecular tumor board

Tumor characteristics

Tumor purity 99% =
Molecular tizzue of origin prediction Melanoma (99.6%)
Tumor mutational burden ctatus Low (13.7)
Microzateliite status MSS (0.1)

HR Status Proficient (0)

Virus NONE

Genomic alterations in cancer genes

Genez with driver mutation BRAF, CDKN2A, TERT

Amplified gene(z) NONE
Doloted gone(z) PTEN
Homozygouzly dizrupted genes NONE
Gene fuzions NONE

Hartwig Medical OncoAct

HOSPITAL PATIENT ID
reportingld

HOSPITAL PATHOLOGY ID

pathologyNumber

REPORT DATE
05-Oct-2023

NAME
initials surname (M)

DATE OF BIRTH

01-Jan-1900

REQUESTED BY
studyPl

HOSPITAL
officialHospitalName

BIOPSY LOCATION

Skin

BIOPSY SUBLOCATION
Other/unknown

BIOPSY LATERALISATION

BIOPSY FROM PRIMARY TUMOR
yes

Pharmacogenetics

SN FUNCTION
DPYD Normal Function

UGT1A1  Normal Function

HLA Alleles

HLA-A A"01:01
HLA-B B8°40:02| 8°08:01
HLA-C C*07:01 | C"03:04

Germline results

Data concerning cancer predicpoition genes
may be requested by a clinical geneticict after
the patient haz given informed conzent

raft) patient report generation

Hartwig Medical Cr

@ Hartwig

05-0¢1-2023

Genomic based therapy approaches
High level evidence
~ . o -

Q Hartwig

Genomic events (1/2)

- Tumor purity & ploidy
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Tumor specific gains & losses

Tumor specific gene disruptions
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onas oot

Hartwig Medical Or

05-0ct-2023

Hartwig Modical

Quanwlg

Tumor genomic profiles (1/2)

Homologous recomdination status a H"MB Hartwig Medical Cr
Low
. Genomic events (2/2)
Pharmacogenetics
Low
.
0 e 8 8, LA sl i e 8 8 ey S .
HLA Alicies
Tumor mutational burden
137 AL L) . -
o' . Low
e 1 8 o s s e S— "As - -
g e s e A Pt e -
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Therapy guidance for oncologist
- Standard of care and trials

Pharmacogenetics
Germline mutations
HLA typing



||=|' Demonstrating clinical validity and utility

Clinical Implementation Study

n=1200 Q Hartwig
Metastasized
cancer patient

E
)
(T

Whole Genome Sequencing

Blood

Standard Of Care diagnostics

]

]

NETHERLANDS
CANCER :)}
INSTITUTE

ANTONI VAN LEEUWENHOEK

WIDE Matched
BOARD m therapy
decision

- feasibility: TAT of 9 days, success rate 70%
- validity: >99.6% concordance SOC

- utility: additional findings in 60%

Journal of Pathology
J Pathol October 2022; 258: 179188

Published online 3 August 2022 in Wiley Online Library

(wileyonlinelibrary.com) Dol: 10.1002/path.5988

ORIGINAL ARTICLE

Feasibility of whole-genome sequencing-based tumor diagnostics

in routine pathology practice

Kris G Samsom'", Luuk | Schléjper23f Paul Roepman Linda JW Bosch', Ferry Lalezari®,
Elisabeth G Klompenhouwer AdrlanusJ de Langen®, Tineke E Buffart’, Immy Riethorst*, Lieke Schoenmaker®,

Daoin Schout', Vincent van der Noort?, Jose G van den Ber%
4

Hans van Snellenberg®, Lizet E van der Kolk’, Edwin Cuppen

Kim Monkhorst'#

Ewart de Bruijn”, Jacobus JM van der Hoeven®,
° Emile E Voest™!!, Gerrit A Meijer' #* and

Cancer of Unknown Primary

- algorithm development (database)
- proof-of-concept clinical value

Mobo

= EGFR mAb inhibitors
PARP inhibitors

. Multi-actionability

s Resolved diagnosis
_ Checkpolnt inhibitors 67%

= BRAP inhibitors Potentially actionable
lihoms m— J. F%an 50%

Small cell lung cancer
Non-small cell lung cancer

Esophagus/stomach [
Colorectal cancer |

Bone/Soft tissue: other I /

Bile du 1l bladder [ E

€000 scince
SETTER Ve
2057 PRACTIE SCIENCE
O PEN FOR OPTIMAL
CANCER CARE

ORIGINAL RESEARCH

Complete genomic characterization in patients with cancer of unknown
primary origin in routine diagnostics
L. J. Schipper™*', K. G. Samsom®', P. Snaebjornsson’, T. Battaglia’, L. J. W. Bosch’, F. Lalezari’, P. Priestley’, C. Shale’,

A. ). van den Broek®, N. Jacobs®, P. Roepman®, J. J. M. van der Hoeven®, N. Steeghs’, M. A. Vollebergh®, S. Marchetti’,
E. Cuppen™®’, G. A. Meijer’, E. E. Voest'™" & K. Monkhorst™"

Volume 7 m Issue 6 m 2022

¢ "‘,jnbekend

2021 Use of WGS for routlne dlagnostlcs |n NKI -AvL  2021: CUP IS flrst relmbursement |ndlcat|on for WGS




| . .
I|i|| Real-world evidence (n = 888) confirms study results

Routine use in a comprehensive cancer center (NKI-AvL 2021-2023) NETHERLANDS ;j}

Solid tumors, mostly metastatic CANCER
. i INSTITUTE
Success rate 89%; turnaround time average 6 days T e
A
Reimbursed care biomarker found 29% 172/600
Pathogenic germline variant found 7% - 38/574
Diagnosis clarified or changed 4% 26/600
Any clinically relevant result 37% 220/600
° & g g
B
Diagnosis sover i pattentwin oup63% | ||| NRHLRNRHRRNRHRRIRHRRIRERRARURRRRIRRRRIRRR AR ARURR AR RN 77z
Reimbursed care biomarker found 14% “““““ “““I 171123
Pathogenic germline variant found 6% I“ I" I 71120

e 1111 T
[e2]
° § B © 3

~— ~—

Clinical consequences of WGS-based diagnostics in 42% of patients
plus identification of experimental therapy options in >50% of patients (mostly drug-repurposing)
Jeffrey van Putt n, K|m Monkhorst unpubllshed de]ta




| !|' Diagnostic use of WGS for oncology in the Netherlands
I

Service level agreements for WGS-based diagnostics with
~30 out of 71 hospitals in The Netherlands

Databasing agreement including patient consent (opt-in) with most

Enabling WGS-based diagnostics for:
- Routine all patients (comprehensive cancer center NKI-AvL)
- Cancer of Unknown Primary in guidelines and reimbursed)
- Last resort: Phase 1 unit (EMC)
- Projects: GENAYA, OPTIC (CRC), GLOW (GBM) (all hospitals)

~1,100 patients per year (steadily growing)

June 24, 2025: Dutch health care authorities (ZIN) approved WGS
reimbursement for all patients that are in sufficient conditions to

undergo treatment
= driven by pan-cancer treatments like NTRK inhibitors




l|!|| Data reuse is enabled through Hartwig database

Developed with support from &KWF

» 885 patients

Lung
Primary Tumor Location
\\\\\\\\\\\\\ & » 139 patients
%\\\ @ 11_'argt]eteti:| Ttherapy
reatment lype
July 1, 2025 » 60 patients
7224 e omsa
m otal patients

%ﬂmﬁl

( AY# R
a Request Access) (_J._ Export Data
! ),

Privacy Policy, | Disclaimer | Contact Us

https://catalog.hartwigmedicalfoundation.nl
https://lwww.hartwigmedicalfoundation.nl/en/data/data-access-request/

Includes clinical metadata: patient, tumor,
treatment

"60% with matching RNA-seq

Access controlled
- Free
- Use for ‘common good’
- Raw and analysed data
- Google cloud

Catalog Request data




||-|l Cancer vignettes illustrate richness of data

Q Hartwig

Cohort Metadata
Data availability

et fp

Mutational Landscape
Tumar purity
2%

Density

Patients with treatment and response data

=
|

Clanal mutation fraction

The Genomic And Actionability Landscape Of Lung Non-Small Cell Carcinoma

Cancer Driver Landscape
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Panel annotations and abb

6% 3%
4% 2a%

>80 cancer types

Potentially Actionable Events

WGS vs Panel Coverage

Summary IWr :ao‘:elri!rlvers‘ : B fossporoved [ Orug Repurposing [7]  Expesimentaliosher Guidelines
- O other O s
e
| | f Highest evidence level treatment option
identified by test strategy

| |Il L1} W

m I‘ 1
|

Hnl "

#'of patients in Hartwiq database

II I | ‘ “DS:G
mn [l
o 23

701 Patients

I svruncanos Bl cewenon [ non [l Fusios

1 2
Average number of actionable events per patient

DOIDS inchidec: 3908, 3910, 3907, 3905
Diote ereates from dstaase: 2026.07-06

Summary Top potential actionable events Top missed events by Comprehensive Fanel vs WGS
sz o8 Approved Orug Besurposea
EECI | ] n— - Joo 22
| II-I n lII L . 2
W 1 | L} | 12
. 1 11 1
| | F. n
| 1
EroinerisiOue: Gudeines cane
I I Pomisl M Las 53 Portial O Lo 51
I funenose [ 13 mat v [
e b 3
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" [
" Number of Missed Events. -
I [ 1 | ]
I I 1 Top missed events by Targeted Panel vs WGS
o Approved
70 Patients
N B e
Top potential germiine drivers
102
m a2
1 0
16
| |
+ 56 Patients
) w0 00 s w0 e
I sroucrunss_vamant ] S vanant Number of Messed Events

Based on WiGIiTs output

Available under CC-BY
- education
- statistical data mining

https://www.hartwigmedicalfoundation.nl/en/data/vignettes/



https://www.hartwigmedicalfoundation.nl/en/data/vignettes/

||=|l Robust GDPR-proof procedure for international data sharing

Data Access Procedure ensures that the ‘Licensed Data’ is only
shared when:

- Countries guarantee strong data protection
« Academic institutes only (non-profit)
* Researchers with proven track record

- Data minimization perspective

All ‘anonimized’ data (raw and analyzed) is made available through
GCP cloud (institutional authentication).

Downloads are possible; user is contractually bound for having the
right security measures in place and is legally liable for misuse and
data leaks (requires additional paperwork for non-EU countries)

Phase 1: Internal scientific
and legal assessment

Phase 2: (external)
scientific assessment

Phase 3: Data Access
Board

Phase 4: Final decision

Phase 5: License
agreement

Phase 6: Sharing the data



||=|l Global data requests & impactful publications

Global use Publications
DPIA for non-EU countries required

Data Access Requests .
~50 per year
400 %
350 E
300 “
2 250 II I
[}
=]
g 200 o =
E 2016 2019 2020 2[]2#9::22 2023 2024 2025
|9 150
100 Citations
All Since 2020
50
Citations 9544 9453
» h-index 44 44
0 . i10-index 85 85
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
https://www.hartwigmedicalfoundation.nl/en/data/research-and-science/datarequests/ . | I I I I N

2
AU A RTINS I|'||-| datdeitattid ettt s g
HNICHIEHHE R TN e T HUTRH O U R R Ut AN O e et LHHT R H O TR LR HER e
LR [ 11 ALY LR


https://www.hartwigmedicalfoundation.nl/en/data/research-and-science/datarequests/

| . . . .
||i|| Learning care system In action: (non) response biomarkers

100 .. -
HR, 3.50; 95% Cl, 1.96-6.24; Clinical utility?
- ] P-value, 0.000024
S 80 P=0.000087
g 70 1 100 DCB:
3 60 I— NO
o , 75 -
e 50+ ~ High TMB (10/Mb) 5
£ w0
§ 301 ! 2
1 o
e , — YES
g’ 20 - : 25 -
. 10 Low TMB (<10/Mb)
;[ ' N D — — T 0
0 3 6 9 12 15 18 21 24 27 Pts (n) 46 29
Months since start treatment 2 5
©d B
No. at Risk - T
lowTMB 29 23 18 12 11 9 7 5 3 2 TMB
HighTMB 46 14 10 8 6 4 2 2 1 0

Combining genomic biomarkers to guide immunotherapy in non-small cell lung cancer
Van de Haar, Mankor, Clinical Cancer Research
AHURITETN
' | ! I I : I




1
lIII Learning care system In action: (non) response biomarkers

Refinement Confirmation Costs societal impact
P=0.00056 P=2.2x10"
P=0.021 P=0.11 P=0.000027 P=0.16
1007 . 100 . « 20%, treatment could potentially be omitted*
75 1 I I * Treatment cost savings Y€ >1.5M
£ = 1  Screening all patients by WGS € <0.5 M
§ 50 - % o | ] * Netsavingof€1M
2 ™

*Prospective study required

[y
on

25 - | l_
0 - - 0 - |

Pts (n) 15 31 13 16 Pts(n) 34 61 94 40

STK11/KEAPT/EGFR ¢ o @ o . o o o
alteration > £ ¥ £ STKI/KEAPI/EGFR & 2z ¢ =Z

) >
alteration

Low High Low High
TMB TMEB T™MBE T™ME




||=|| Can we do this systematically?

Cohort No Event Biomarker Event Adj p-val

Prostate / Abiraterone 48% ﬂ 0.005
Pan-Cancer / Pazopanib 53% 0.04
Pan-Cancer / Nivolumab 46% E- 0.05

Lung NSCLC / Anti-PD-1 49% 0.006
Prostate / Anti-AR 38% 0.02
Pan-Cancer / Aromatase inhibitor 59% |26 . 0.03
Colorectum / Chemotherapy 23% I KRAS G12D Mutation 0.01
Skin Melanoma / Immunotherapy 51% I- High Drivers Immune Evasion 0.01
Breast Triple Negative / Chemotherapy 48% B High RNA Pentose Phosphate - 5% 0.02

Lung NSCLC / Chemotherapy 38% E High NRF2 Pathway Drivers . 6% 0.1
150 100 50 0 0 25 50
Number of Patients Number of Patients

Interesting leads (many derived from RNA data) that make sense from a biological perspective
But statistically underpowerd when applying multi-testing correction!

Joseph Usset, Franmsco Martinez-Jimenez; unpubllshed data




| e rovmsoion

What will the future look like?



||=|| 1) From fat genomics data to real big data

« Expand WGS data resources by orders of magnitude

International collaboration is key!!

- connecting similar resources world-wide

- global network based on coalition of the willing
- uniformly analyzed genomics data

- standardized clinical data
- trusted authentication and federated access mechanisms

Ongoing exploratory collaboration projects
- Genomics England (cross-validation)

- DKFZ/NCT Germany (rare cancers)

- UMCCR, Melbourne Australia

- 2025 France Genomic Medicine Plan (CUP)

Image source: https://www.independentforlonger.com/economic-development-basics/global-partnerships/



||=|| 1) From fat genomics data to real big data

« Expand WGS data resources by orders of magnitude

« Specific focus on rare cancers to address unmet needs

17% less common cancers
such as liver, brain and
ovarian

18% rare cancers
such as gall bladder,
eye and appendix

65% common cancers
such as breast, bowel,
prostate and lung

Source: https://www.cancervic.org.au/cancer-information/rare-and-less-common-cancers/overview.html




||=|' Combined patient counts for Hartwig, GEL and NCT Master
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||=|| Merging resources today already boosts abilities

GEL
Master
Hartwig

Minimum #samples for training CUP classifier

(

]Iiiuliliﬂ
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Combining resources enables Tissue of Origin classification for 50% more tumor types

]
I
[ T
(I
1
.
[ S
R S
I B
[ T
R S
R

o

1

0

pue|b pioiAyieled
xufie
xufieydodAH

l21ep jo ejindwy
euibep

$9SNUIS |eseueled
snyoeun

eaylaln

SITER

wnauojlad
xufieydosepn

BAINA
anbuoy/fyined |elQ
Ayned |esen
49ppe|q|eo
Xipuaddy

siajad [euad/ialain
snuy

2A3

-euna|d

snwAy

pue|b ploAyL
QUIISIUI/[9MO( ||BLUS
pue|b Aiealjes
slisaL

umoudun

XIAIDD

J9AI

pue|b |jeuaipy
wnioay

uol3ounl jeabeydosaoliseb/snbeydosy
xufieydoio

auog

proydwA

4yoewois

sealdued

1oen Alelig
plojaAw/moliew auog
43430

49ppe|g

(dND) Atewnd umouxun Jo J2due)
umys

W23sAS SNOAJBU |eJIudd/ulelq
Sniajn/wnuiawopul
Aenp

2]e)s504d

Kaupry

-2Nssi1 Yos

bunT

uojoD

Jsealg



||=|l 1) From fat genomics data to real big data

Expand WGS data resources by orders of magnitude

Specific focus on rare cancers to address unmet needs Analysis

Integration of multi-omics data

Extend characterization with multi-omics approaches

i Genomics % lenvironment

Organization
(organelle, cell, organ, organism) Kim et al., DOI: 10.1016/j.molp.2016.04.017




||=|| 1) From fat genomics data to real big data

Expand WGS data resources by orders of magnitude

Unimodal

Specific focus on rare cancers to address unmet needs Unimodal feature

submodels extraction

Extend characterization with multi-omics approaches I I ﬁ Clinical

Integrate multimodal data sources o
* Imaging, histopathology, etc (EHDS) e Radiological
* model systems, (patient-derived) cell lines, organoids

£ -“\‘
Pathological

‘o ‘ Genomic l'.} )
i &

Source: Nature Reviews Cancer volume 22, pages114-126 (2022)




||=|| 1) From fat genomics data to real big data

« Expand WGS data resources by orders of magnitude
« Specific focus on rare cancers to address unmet needs

« Extend characterization with multi-omics approaches

U ) LRl 1*,».. T
W - | TL i VN
87 W 5 1 e SR e’ ‘-r"’

 Integrate multimodal data sources

« Capitalize on Al developments to discover
relevant patterns and biomarkers

Image source: https [lwww.elucidata. |o/blog/cancer -research-in-the-age-of-ai-the-next- frontler




||=|l Why aren’t we massively implementing cancer WGS?

1) high quality WGS for care AND research requires high quality tissue input

Fresh
y— 1
5 V A0 AT \ Drivers: Drivers:
/ « KRAS G12V + APC M1211fs

+ APC G1312fs

« KRAS G12v

* PIK3CA N345K
+ TP53 G266E

* TCF7L2 P353L
+ TCF7L2 R420Q
+ SOX9 V306fs

* ARID1A P1436fs
* JAK2 N1109Y

« MED12 Y283F

* TNFAIP3 C478Y
 FLT1 R281*

* PIK3CAN345K
 TCF7L2 R420Q

- = : N

DNA sequencing and FFPE are not friends!
| MANAE L hoeding, |1y bl Ll
o g e o 0 o T ey




|
llil' Technically easy to mitigate, but culturally very challenging

o
NETHERLANDS 3)
CANCER f 3

- Radiology: collect 4 biopsies: almost always possible INSTITUTE L

ANTONI VAN LEEUWENHOEK

* Biopsy evaluation in central sectioning room:
« Diagnostic request: best biopsy for FFPE; rest for FF (or RNAlater)
* Molecular request: all biopsies for FF (or RNAlater)

* PrestoChill: rapid freezing followed by sectioning, microscopic
evaluation, and macrodissection of tumor-containing part of flakire rococofe

biopsy for DNA/RNA isolation protoco 8 heck o
Optimized whole-genome sequencing
workflow for tumor diagnosticsin

routine pathology practice

Transformation to non-FFPE (FF or RNA-later) also needed

for maximizing potential of other emerging technologies, like v e
Kelly van Deventer’, Kay van den Burg', Unga L hopa', Efraim H. berg®', Roelof Koster®',
single cell, proteomics, functional screens, organoids ok . v o S’ i .o Ko o - EE 00901,
Gerrit A. Meijer & Kim Monkhorst'

Nature Protocols | Volume 19 | March 2024 | 700-726 700
[ ' [ ! !
[ . I ' [ | I | I l | [ | ' | I ' I '
| RN | | |



||=|| Why aren’t we massively implementing cancer WGS?

1) high quality WGS for care AND research requires high quality tissue input
non-FFPE (FF or RNA-later)

2) panel NGS is cheaper than WGS

WGS: 2,000 — 3,000 Euro/Dollar
Large panel like TSO500: 750 — 1,000 Euro/Dollar



||=|| But is this really true?

Non-small cell lung cancer (NSCLC; n=711 patients)

. FDA Approved D Drug Repurposing I:] Experimental/Other Guidelines
[J other [ none
Top missed events by Comprehensive Panel vs WGS

FDA Approved Drug Repurposing

Highest evidence level treatment option
identified by test strategy

s Fusion _ﬁﬁ Fusion |21
8 gzuTg;I;e;::"ﬁ F‘Ell"tlal CN GEHI"I I1 HHD jla
‘_g | Partial CN Loss :|12
e Targeted 87 119 178
= 50 gene panel ’ "
] | HMZ Disruption ]4
° #zgfopatients in Hari?rgig database o | Splice Site |1
Average number.gf i(:%nt(ijﬁgd tpottenttiatlly actionable events
iaenti I - . . -
ey Fusion gene detection requires an additional assay on top of
wss- 0.43 078 [023]26 standard comprehensive panel
©
QO i . . .. .
5 gene pane e 23 So does Homologous Recombination Deficiency (HRD) detection
£
D 50 geme sanel 0.49 1.4

1 2
Average number of actionable events per patient

“10% of relevant actionable events are missed




|l Sequencing: reagents main determinant of test costs

.k
%)
O
17 3000
o W other costs
(- . ;
% 2500 W sequencing chemicals
=
© 2000
&
_8 1500 Comprehensive panel (e.g. TSO500)
b + Fusion gene detection (e.g. Archer)
O 1000 EXPERT
; EVIEW Expert Review of Pharmacoeconomics & Outcomes
N Research
e
S - -
@)
&
C_G O 1S5N: (Print) (Online) Journal homepage: www.tandfenline. com/jourmalsfierp20
-~
|9 Now Micro-costing diagnostics in oncology: from single-
NovaSeq6000 gene testing to whole- genome sequencing
* based on 4 genome equiva|ents (tumor-norma| pairs’ 90x vs 30)() Clémence T. B. Paﬁmanﬁ,_ Baﬁtiaal‘:l B. ). Tops, Elisabeth M. P. Steeghs, Veerle
. . M. H. Coupé, Katrien Griinberg, Eiko K de Jong, Ed M. D. Schuuring, Stefan
** update numbers for 2022, calculated as described in Pasmans et al., Expert M. Willems, Marjolijn . |. Ligtenberg, Valesca P. Retél, Hans van Snellenberg,

Rev Pharmacoecon Outcomes Res (2021) Jun;21(3):413-414. Ewart de Bruijn, Edwin Cuppen & Geert W. ]. Frederix




-|' Sequencing: reagents main determinant of test costs

3000

2500
2000 W other costs |
W sequencing chemicals
1500 Comprehensive panel (e.g. TSO500)
+ Fusion gene detection (e.g. Archer)
1000
- IIII
0

200 dollar genome 100 dollar genome 10 dollar genome
NovaSeq6000

* based on 4 genome equivalents (tumor-normal pairs, 90x vs 30x)
** update numbers for 2022, calculated as described in Pasmans et al., Expert
Rev Pharmacoecon Outcomes Res (2021) Jun;21(3):413-414.

Total costs WGS-based diagnostics*




||=|| 2) Technological innovations: Cheaper and faster short-read WGS

Cost per Genome Sequenced vs Moore's Law (2005-2030)

Next-Gen Sequencing (NGS)
106 ¢ —e— Genome Sequencing Costs
. - -@- Moore's Law Projection March 19’ 2025
I B S § P Projected Genome Sequencing Costs
5 | ~
_ 10 T . Andy Watson - 1st X
% \\\\ E\ CEO & Board Member | Advisor
% [ TilGina HISeq Book an appointment
5 oh.®
3 10%F
= ] Are You Ready for the $10 Genome?
g The $10 genome is on the horizon, and it's set to
= . shake up biology and healthcare in ways we've only
& 103k dreamed of. This isn't just an incremental
o i lllumina NovaSeq improvement — it's a seismic shift that will redefine
f,' what's possible.
0
o
O 102 - Ultima, NovaSeq X+
101t Roche SBX, competition
2005 2010 2015 2020 2025 2030

Year

Sources: NIH Genome Sequencing Program, lllumina press releases, Ultima Genomics announcements, Roche investor presentations



||=|| 2) Technological innovations: Cheaper and faster short-read WGS

llumina X3 unra..

[ 1]
_ — |
Illumina NovaSeq6000/X+ Ultima Genomics UG100 Roche Axelios (prototype)
Next generation SBS Flow-based sequencing on wafers Nanopore sequencing by expansion (SBX)
Reagent cost reduction "50% Installed at Hartwig early 2024 Alpha testing at Hartwig early 2025
Commercial launch summer 2026
$250 genome on 25B chip $80-100 genome $?? -
Highly sensitive ctDNA detection using ppmSeq 4 hour run time

« Hartwig WiGITS data analysis tools are being made compatible for all three platforms
* Preliminary conclusions: all platforms are suited for WGS-based cancer diagnostics




||=|| 3) Software as a Service for data analysis, annotation and interpretation

Hospitals often lack IT infrastructure and expertise to handle, analyse and interpret WGS data

« Authenticated login (hospital-controlled)
Upload data from sequencer
Sample overview
Interactive reports
Download data

Data portal

Powered by Hartwig WiGITS
Data processing « Sequencing platform agnostic
Tumor/normal WGS, Tumor-only WGS, panel

CE-IVD approved OncoAct
Empowered by Hartwig database

Reporting

Software as a Service




||=|l 4) Improving data-driven cancer decision support systems

Molecular data - Knowledgebase - \

Decision making
in clinic



||=|l 4) Improving data-driven cancer decision support systems

Molecular data Knowledgebase Report

Real-world Decision making
evidence - » in clinic

Clinical data
from EHR

SOC systemic
treatments

Patients-like-me

Clinical trials

Imaging data

ACTIN project

Automated input from sources and output
generation replacing repetitive manual steps

Beyond Beyond Beyond
molecular targeted clinical study
data treatments evidence



||=|l 4) Improving data-driven cancer decision support systems

Hartwig OncoActin (under development)

Standard of care options considered potentially eligible

Treatment Literature efflcacy evidence Real-world efflcacy evidence Warnings
FOLFOXIRI-B o
IRIBE2 Expected outcomes
PFS: 12.0 months (95% Cl: 11.1-12.9) PFS: 8.8 months, IQR: 5.4 . Clinical Trial
®
0S: 27.4 months (95% Cl: 23.7-30.0) 0S: 17.6 months, IQR: 21.3 . Real World Data
: + Patients-like-me

PEMBROLIZUMAE KEYNOTE-177 MSI status undstermined

PFS: 16.5 months (95% CI: 5.2-32.4) PFS: 8.3 months, IQR: 13.2

0S: NA 0S:  NaN months
FOLFOX-B TRIBE?2
PFS: 9.8 months (95% Cl: 9.0-10.5) PFS: 7.2 months, IQR: 6.4

0S: 22.5 months (95% Cl: 20.7-24.8) 0S:  13.8 months, IQR: 18.5

Erasmus MC trials that are open and potentially eligible (2 cohorts from 2 trials)

. . Trial Cohort Molecular Warnings
Better trial matching _ — ‘
. . . . MEC 16-758  Talazoparib ATM c.5762G>A Inactivation event(s) ATM c.5762G>A splice for ATM but event(s) are
* Inclusion/Exclusion criteria —_ ¢ prup splice not biallelic
« Automated data collection from EHR (Phase 2)
. Local and (inter)nationa| MEC 23-0391  Part 2 Dose expansion Cohort D: No head and neck cancer, kidney cancer, liver cancer, lung non-small
SAR445877  Infiltrated "hot" tumors cell carcinoma, melanoma or urinary bladder cancer

* Better context (Phase 1/2)



||=|l 5) Improving therapy and disease progression monitoring

Paired-plus minus sequencing (ppmSeqTM) on Ultima UG100

Tumor-informed (WGS) ctDNA monitoring
|
Cancer Detection of minimal Treatment response Early diagnosis of f f
screening residual disease recurrence ® ® — ®
or . py e lean, high quality read
® ®
Early
diagnosis ‘

Disagreement between strands =
DNA damage seen as single strand and filtered out

B -

Amount of ctDNA
[ ]

Very low raw read error rate phred 50-60

average 7x coverage per 1ng input
> 30x WGS coverage with 1 blood tube

R 3 R R R

WG(T)S upon initial cfDNA WGS (30-50x)
diagnosis (90x/30x) Tumor informed analysis  1-size-fits-all test
Basis for diagnosis and Recurrence detection, therapy response i . .
targeted treatment decisions monitoring and therapy change decision « WGS dlagnOSUCS reqUIred

* Presence of sufficient somatic mutations
Ultrasensitive detection limit of 0.001-0.01%

Image source: Journal of Human Genetlcs volume 66, 909-926 (2021




||=|| Pilot study — retrospective longitudinal sampling in NSCLC

o s . O s
° CO||ab0ratI0n with NKI TRUE
. . . iosaz ¢ 0 g o * RECIST
+ WGS-based diagnostics already routine care ® o
E\} 00000 L 2 o * g
NETHERLANDS &£
. ' CANCER
Retrospective study cohort NSTITUTE . | . .
* 10 metastatic NSCLC patients e
. 192 plasma samples 7 ¢ >— o o
10056 * * + *
* CtDNA detection
wwwwww *e + *e o
« >=30X coverage on Ultima UG100
- Data analysis using WISP tool (part of Hartwig WiGITS) A S e o * *e e
*»
* Results
- 190 out of 192 successful processed ¢ M

» Lowest ctDNA fraction detected was 43ppm

1tbrv1

Noe Mon horst van ier Pol, unpu shedd




||=|| Case study patient 1

« ~14 000 somatic variants in tissue
« ctDNA tumor fraction never decreased, similar to what was observed in the clinical data
« 2Xx increase between June-August 2021 prior to progression detected in September 2021

30.000 B f ;;i'
® CtDNA detected >
10.000 AA S
O  ctDNA not detected /
1.000 SD 3
A PD 100§
£ 0.100 g &
= PR 4 /
2]
[0}
=
< 0.010
8
0.001
Death
. Permetrexed
[ Radiotherapy
Carboplatin-Paclitaxel-Bev-Atezo
2020-07 2021-01 2021 -07

Noe Mon horst van ier Pol, unpu shedd




||=|| Case study patient 2

« ~16 500 somatic variants in tissue
« High ctDNA tumor fraction at times (43%)

« ctDNA tumor fraction increase prior to progression

® CctDNA detected

30.000 O ctDNA not detected
10.000 A A A A A AA
SD
1.000 A PD
~ PR
£ 0.100
=
]
U]
S
< 0.010
%
0.001

Gemcetabine
T o Carboplatin-tacol-beva-atezo
] Partitumab deruxtecan
T-DM1 + osimertinib
Taxol-bev
Carbo-pem

Osimertinib
2016 2018 2020 2022 Erlotinib
Date

Noe Mon horst van ]er Pol, unpu shedd




||=|| Summary

 Routine WGS-based cancer diagnostics
* |s feasible
« Has value for todays patient care
* |s getting cheaper with emerging technologies
« Enables versatile disease monitoring

 Datareuse

* |s feasible, including international data sharing
Enables scientific and biomarker discovery
Improves tomorrows patient care
Contributes to health care system sustainability
Is boosted by international collaboration



||=|| Acknowledgements

All patients and families

HartW|g NL — AUS CAN — ES

NKI-AvL

Kim Monkhorst
Petur Snaebjornsson
Michael Noe

Linda Bosch

Luuk Schipper

Kris Samsom

Gerrit Meijer

Joris vd Haar

Emile Voest

. ETHERLANDS J
CANCER L
INSTITUTE

- 7
b S
\
1
1
| 4

Support

\Xa cenomics
lumina’
@KWF

Missie =
Tumor i/ - ,nbekend

<Rdche>




,|=|| Hartwig

Medical Foundation

| | ||°'|'||
AT
R e

The right treatment
for each cancer patient

Science Park 408 - 1098 XH Amsterdam - Nederland
020 2269 700 iInfo@hartwigmedicalfoundation.nl hartwigmedicalfoundation.nl



