
Routine whole genome sequencing-

based cancer diagnostics for 

precision medicine and research

Prof dr Edwin Cuppen | Scientific director

e.cuppen@hartwigmedicalfoundation.nl

linkedin.com/in/edwin-cuppen

4. genomDE-Symposium 2025 Genommedizin, July 10, 2025



Europe is leading in national Clinical Cancer Genomics programs

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

Bottom-up, philantropy

NL: Hartwig Medical Foundation



The learning care/innovation cycle ïfor better care



WGS can uncover a wealth of relevant information 

Cancer drivers from genome-wide variant calling
- small and structural variants

- purity and ploidy

- bi-allelic, subclonal, driver vs passenger

- optimized for diagnostic cancer genes

Germline information
- cancer predisposition

- pharmacogenetics

HLA typing and neoepitopes
- immunotherapy

- vaccination

Complex biomarkers
- DNA repair status (MSI, HRD)

- mutational signatures

Viral presence

Tissue of origin and 

Tumor (sub)typing

To inform medical specialists on 

clinical actionability and 

relevance for cancer patients



Hartwig WiGiTS: comprehensive, efficient and flexible data analysis

Multi-platform support

Longitudinal patient 

analysis

Fast, inexpensive & 

runnable anywhere

Universal NGS Pipeline

https://github.com/hartwigmedical/

https://nf-co.re/oncoanalyser/

Open source software

Multimodal (DNA, RNA, 

ctDNA)

Disease monitoring

Panel, WES, WGS

Paired and tumor-only

Tissue (FF, FFPE) and  cfDNA

(Stephan Watts, Oliver Hofmann, UniMelb) 



Fully automated (draft) patient report generation

Therapy guidance for oncologist
- Standard of care and trials

Mutation details for molecular pathologist / MTB

Complex biomarkers

Pharmacogenetics

Germline mutations

HLA typing



Demonstrating clinical validity and utility

Clinical Implementation Study

2021: Use of WGS for routine diagnostics in NKI-AvL

Cancer of Unknown Primary
- algorithm development (database)

- proof-of-concept clinical value

Resolved diagnosis

67%

Potentially actionable

50%

2021: CUP is first reimbursement indication for WGS

- feasibility: TAT of 9 days, success rate 70%

- validity: >99.6% concordance SOC

- utility: additional findings in 60% 



Real-world evidence (n = 888) confirms study results

Jeffrey van Putten, Kim Monkhorst; unpublished data

Clinical consequences of WGS-based diagnostics in 42% of patients
plus identification of experimental therapy options in >50% of patients (mostly drug-repurposing)

Routine use in a comprehensive cancer center (NKI-AvL 2021-2023 ) 

Solid tumors, mostly metastatic

Success rate 89%; turnaround time average 6 days



Diagnostic use of WGS for oncology in the Netherlands

Å Service level agreements for WGS-based diagnostics with 

~30 out of 71 hospitals in The Netherlands

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

Å 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
ᵼdriven by pan-cancer treatments like NTRK inhibitors



Data reuse is enabled through Hartwig database

Includes clinical metadata: patient, tumor, 

treatment

ĕ60% with matching RNA-seq

Access controlled

- Free

- Use for ócommon goodô

- Raw and analysed data

- Google cloud

https://catalog.hartwigmedicalfoundation.nl

https://www.hartwigmedicalfoundation.nl/en/data/data-access-request/

Request dataCatalog



Cancer vignettes illustrate richness of data

https://www.hartwigmedicalfoundation.nl/en/data/vignettes/>80 cancer types

Based on WiGiTs output

Available under CC-BY

- education

- statistical data mining

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


Robust GDPR-proof procedure for international data sharing

Data Access Procedure ensures that the óLicensed Dataô is only 

shared when:

Å Countries guarantee strong data protection

Å Academic institutes only (non-profit)

Å Researchers with proven track record

Å Data minimization perspective

All óanonimizedô 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)



Global data requests & impactful publications

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

Publications
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Data Access Requests
~50 per year

Global use
DPIA for non-EU countries required

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


Learning care system in action: (non) response biomarkers

Combining genomic biomarkers to guide immunotherapy in non-small cell lung cancer

Van de Haar, Mankor, Clinical Cancer Research

Clinical utility?



Refinement Confirmation Costs societal impact

Å 20%, treatment could potentially be omitted*
Å Treatment cost savings ~ϵ ҔмΦр a
Å{ŎǊŜŜƴƛƴƎ ŀƭƭ ǇŀǘƛŜƴǘǎ ōȅ ²D{ ϵ ғлΦр a
ÅbŜǘ ǎŀǾƛƴƎ ƻŦ ϵ м a

*Prospective study required

Learning care system in action: (non) response biomarkers



Can we do this systematically?

Joseph Usset, Francisco Martinez-Jimenez; unpublished data

Interesting leads (many derived from RNA data) that make sense from a biological perspective

But statistically underpowerd when applying multi-testing correction!



What will the future look like?



ÅExpand 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



ÅExpand WGS data resources by orders of magnitude

ÅSpecific focus on rare cancers to address unmet needs

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

1) From fat genomics data to real big data



Combined patient counts for Hartwig, GEL and NCT Master



Merging resources today already boosts abilities

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



ÅExpand WGS data resources by orders of magnitude

ÅSpecific focus on rare cancers to address unmet needs

ÅExtend characterization with multi-omics approaches

1) From fat genomics data to real big data



ÅExpand WGS data resources by orders of magnitude

ÅSpecific focus on rare cancers to address unmet needs

ÅExtend characterization with multi-omics approaches

ÅIntegrate multimodal data sources 

Åimaging, histopathology, etc (EHDS)

Åmodel systems, (patient-derived) cell lines, organoids

Source: Nature Reviews Cancer volume 22, pages114ï126 (2022)

1) From fat genomics data to real big data



ÅExpand WGS data resources by orders of magnitude

ÅSpecific focus on rare cancers to address unmet needs

ÅExtend characterization with multi-omics approaches

ÅIntegrate multimodal data sources 

ÅCapitalize on AI developments to discover 

relevant patterns and biomarkers

1) From fat genomics data to real big data

Image source: https://www.elucidata.io/blog/cancer-research-in-the-age-of-ai-the-next-frontier



Why arenôt we massively implementing cancer WGS?

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

Drivers:

ÅAPC M1211fs

ÅAPC G1312fs

ÅKRAS G12V

ÅPIK3CA N345K

ÅTP53 G266E

ÅTCF7L2 P353L

ÅTCF7L2 R420Q

ÅSOX9 V306fs

ÅARID1A P1436fs

ÅJAK2 N1109Y

ÅMED12 Y283F

ÅTNFAIP3 C478Y

ÅFLT1 R281*

Drivers:

ÅKRAS G12V

ÅPIK3CA N345K

ÅTCF7L2 R420Q

DNA sequencing and FFPE are not friends!

Fresh FFPE



Technically easy to mitigate, but culturally very challenging

ÅRadiology: collect 4 biopsies: almost always possible

ÅBiopsy evaluation in central sectioning room: 

Å Diagnostic request: best biopsy for FFPE; rest for FF (or RNAlater)

ÅMolecular request: all biopsies for FF (or RNAlater)

ÅPrestoChill: rapid freezing followed by sectioning, microscopic 

evaluation, and macrodissection of tumor-containing part of 

biopsy for DNA/RNA isolation

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

for maximizing potential of other emerging technologies, like 

single cell, proteomics, functional screens, organoids



Why arenôt 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 ï3,000 Euro/Dollar

Large panel like TSO500: 750 ï1,000 Euro/Dollar



But is this really true?

Fusion gene detection requires an additional assay on top of 

standard comprehensive panel

So does Homologous Recombination Deficiency (HRD) detection

ĕ10% of relevant actionable events are missed

Non-small cell lung cancer (NSCLC; n=711 patients)
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Sequencing: reagents main determinant of test costs
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Comprehensive panel (e.g. TSO500)

+ Fusion gene detection (e.g. Archer) 
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** update numbers for 2022, calculated as described in Pasmans et al., Expert

Rev Pharmacoecon Outcomes Res (2021) Jun;21(3):413-414.



Sequencing: reagents main determinant of test costs
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2) Technological innovations: Cheaper and faster short-read WGS



Ultima Genomics UG100

Flow-based sequencing on wafers

Installed at Hartwig early 2024

$80-100 genome

Highly sensitive ctDNA detection using ppmSeq

Roche Axelios (prototype)

Nanopore sequencing by expansion (SBX)

Alpha testing at Hartwig early 2025

Commercial launch summer 2026

$??

4 hour run time

Illumina NovaSeq6000/X+

Next generation SBS

Reagent cost reduction ĕ50%

$250 genome on 25B chip

Å Hartwig WiGiTS data analysis tools are being made compatible for all three platforms

Å Preliminary conclusions: all platforms are suited for WGS-based cancer diagnostics

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



Software as a Service

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

Data portal

Data processing

Reporting

Å Authenticated login (hospital-controlled)

Å Upload data from sequencer

Å Sample overview

Å Interactive reports

Å Download data

Å Powered by Hartwig WiGiTS

Å Sequencing platform agnostic

Å Tumor/normal WGS, Tumor-only WGS, panel

Å CE-IVD approved OncoAct

Å Empowered by Hartwig database



Molecular data Knowledgebase Report

Decision making 

in clinic

4) Improving data-driven cancer decision support systems



Molecular data Knowledgebase Report

Decision making 

in clinic

Clinical data 

from EHR

Clinical trialsImaging data

Automated input from sources and output 

generation replacing repetitive manual steps

SOC systemic 

treatments
Real-world 

evidence

Patients-like-me

Beyond 

molecular 

data

Beyond 

targeted 

treatments

Beyond 

clinical study 

evidence
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4) Improving data-driven cancer decision support systems



Expected outcomes
Å Clinical Trial

Å Real World Data

Å Patients-like-me

Better trial matching
Å Inclusion/Exclusion criteria

Å Automated data collection from EHR

Å Local and (inter)national

Å Better context

4) Improving data-driven cancer decision support systems

Hartwig OncoActin (under development)



5) Improving therapy and disease progression monitoring

Tumor-informed (WGS) ctDNA monitoring

ÅVery low raw read error rate phred 50-60

Åaverage 7x coverage per 1ng input

Å> 30x WGS coverage with 1 blood tube

Å1-size-fits-all test

ÅWGS diagnostics required

ÅPresence of sufficient somatic mutations

ÅUltrasensitive detection limit of 0.001-0.01%

Paired-plus minus sequencing (ppmSeqTM) on Ultima UG100

Image source: Journal of Human Genetics volume 66, 909ï926 (2021)



Pilot study ïretrospective longitudinal sampling in NSCLC

ÅCollaboration with NKI

ÅWGS-based diagnostics already routine care

ÅRetrospective study cohort

Å10 metastatic NSCLC patients

Å192 plasma samples

ÅctDNA detection 

Å>=30X coverage on Ultima UG100

ÅData analysis using WISP tool (part of Hartwig WiGiTS)

ÅResults

Å190 out of 192 successful processed

ÅLowest ctDNA fraction detected was 43ppm

ctDNA

Noe, Monkhorst, van der Pol, unpublished data



Case study patient 1

Å~14 000 somatic variants in tissue

ÅctDNA tumor fraction never decreased, similar to what was observed in the clinical data

Å2x increase between June-August 2021 prior to progression detected in September 2021

Death

Permetrexed

Radiotherapy

Carboplatin-Paclitaxel-Bev-Atezo

Osimertinib

SD

PD

PR

ctDNA detected

ctDNA not detected

Noe, Monkhorst, van der Pol, unpublished data


