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The impressive effect of specific targeted therapy in patient with

lung adenocarcimoma carrying a chemoresistant EGFR mutant

CT thorax 28 May 2010 CT thorax 6 July 2010

PRE-treatment 6 weeks after start treatment

Lung completed filled with 

tumor nodules 

Lungs are “clean” 

(no nodules detectable)



Mok T et al, NEJM 2009

Disease-free-survival of NSCLC patients with/without EGFR-mutations 

treated with gefitinib or standard chemotherapy

Principal of targeted therapy: 

> only treat patients that benefit from TKI

> appropriate molecular profiling is essential
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Dutch landscape of EGFR variants in 925 (11.7%) NSCLC (2013/2015/2017)
Reported in PALGA (Dutch Pathology Registry)

Koopman et al Cancers 2021;13:1341



Dutch landscape of EGFR variants in NSCLC (2013/2015/2017)
Reported in PALGA (Dutch Pathology Registry)

➢ EGFR mutation prevalence: 11.7% (925/7908)

➢ 19% uncommon, rare EGFR mutations

➢ Correct clinical interpretation and actionability

Koopman et al Cancers 2021;13:1341



Reclassification of actionability of all EGFR variants in 925 patients

reported in 2013/2015/2017 in Dutch Pathology Registry

Koopman et al Cancers 2021;13:1341



Koopman et al Cancers 2021;13:1341

Sensitivity of targeted therapy of all EGFR-variants reported in 

2013/2015/2017 in Dutch Pathology Registry and Dutch Cancer Registry

Actionable
not actionable

TKI-resistent



Koopman et al Cancers 2021;13:1341

Sensitivity of targeted therapy of all EGFR-variants reported in 

2013/2015/2017 in Dutch Pathology Registry and Dutch Cancer Registry

Actionable
not actionable

TKI-resistent

Genotyping: proper classification of variants 

essential for treatment-decision-making



Molecular diagnostics of lung cancer for treatment planning using gene-targeted therapy

international guidelines

Dutch Oncoline guideline for NSCLC (Jan 2020)

EGFR, ALK, ROS, HER2, BRAF, KRAS, RET, MET-skipping, NRG1, NTRK1/2/3 and PD-L1

CAP-IASLC-AMP guideline for NSCLC (Aug 2017) (Hanna JCO 2017)

EGFR, ALK, ROS and PD-L1 (recommendation HER2, BRAF and RET)

ASCO guirdeline for NSCLC (Kalemkerian JCO 2018)

EGFR, ALK, ROS, HER2, BRAF, MET and RET

NCCN guideline for NSCLC (June 2020)

EGFR, ALK, ROS, BRAF, MET-skipping, RET and PD-L1 (recommended broad profiling: HER2, MET-
amp, TMB, NTRK)

ESMO guideline for NSCLC (Sept 2019)

EGFR, ALK, ROS, BRAF and PD-L1 (with TMB); not routinely recommended RET, HER2, MET-
skipping and NTRK)

ESMO guideline for NSCLC (Mosele Ann Oncol 2020)

Recommendations for the use of broad NGS for patients with metastatic cancers



de Jager, Schuuring, unpublished data



Tumor

Broad NGS multi-
gene panel 

(DNA+RNA)/ WGS

Biomarkers

Biomarkers

Biomarkers

Beschikbare, zinvolle behandelingen (betreft zowel declarabele 
zorg, als beschikbare zorg via andere routes; DRUP 3rd 
stage/DAP/early access), in Nederland declarabele behandeling

Beschikbare en mogelijk zinvolle behandelingen, nog in 
experimentele fase, via DRUP/klinische trials

Biomarkers

Biomarkers waarvoor een behandeling beschikbaar 
is via reguliere routes

Biomarkers waarvoor behandeling beschikbaar is via 
alternatieve route

Biomarkers waarvoor behandeling toegankelijk is via 
DRUP/klinische trials

Legend

Biomarkers die helpen bij de selectie/onthouden van 
een bepaalde behandeling

Dragen bij aan de selectie van een bepaalde behandeling, dan 
wel het onthouden van een bepaalde behandeling

PD-L1 De hierna volgende figuren zijn gericht op NGS testen. Derhalve is 
PD-L1 niet in deze figuren opgenomen.

TOEKOMST MOLECULAIRE DIAGNOSTIEK WERKGROEP MOLECULAIRE DIAGNOSTIEK IN DE ONCOLOGIE

Geen targetable biomarkers
Dragen bij aan de selectie van een bepaalde behandeling, dan 
wel het onthouden van een bepaalde behandeling

Landelijke commissie ZIN over Moleculaire Pathologie (advies naar Minister/VWS) (2019-2023)

Projectgroep 1 (Monkhorst, Bloemendaal, Gelderblom, Smit, Schuuring): 

Lijst Minimaal Klinisch Noodzakelijk Moleculaire testen Nederland (list of minimal clinical required molecular tests)

Brief van de Minister aan de voorzitter van de 2de Kamer:
National committee (ZIN): define “the
list of minimal clinical required
molecular tests”





Tyrosine kinase inhibitors (solid tumors)

J Hematol Oncol 2020; 13:143

pembrolizumab

Osimertinib 
(1st L EGFR) 

durvaluma/nivolumab
/

Pembrolizumab

Dabrafenib 
+ trametinib  

2016: crizotinib to ROS+

2016: 
alectinib

2016: EMA
approves osimertinib

ceritinib/alectinib

nivolumab



Molecular tumor profiling 2023 at MP UMCG Groningen:
predictive and diagnostic markers based on current guidelines and ongoing clinical trial

➢ Lung cancer: PDL1, EGFR, ALK, ROS, RET, KRAS, BRAF, PIK3CA, MET, FGFR1, others

➢ Melanoma: BRAF (NRAS, cKIT) (plus new WHO-classification)

➢ Colon cancer: KRAS, NRAS, BRAF (PIK3CA), MSI, MHL1-methylations, MMR-IHC

➢ GIST: cKIT, PDGFRA, NRAS

➢ Breast cancer: HER2, BRCA1, PIK3CA, ESR1, AKT1, others

➢ Neuro-oncology: IDH1, 1p/19q del, MGMT-methylation, methylation profile

➢ Thyroid cancer: RET-mutations, RET-fusions, NTRK

➢ Ovarian cancer: BRCA1/2

➢ HNSCC: hrHPV, lrHPV, p16-IHC, HRAS

➢ Endometrium: POLE, p53, CTNBB1

➢ Malignant lymfoma: MYC/BCL2/6 translocation, mutation panel, MYD88, GCB/ABC expression profile, clonality testing 

➢ Cervical cancer: hrHPV

➢ Prostate cancer: HRD, HRR 

➢ Pancreas cancer: HRD, HRR 

Molecular Oncological Pathology at UMCG: www.MolOncoPath.nl



Broad molecular testing is required

➢ The list of new targeted drugs is growing

➢ Also drugs available via off-label, clinical trials (e.g. DRUP), compassionate

use (with lower LoE )

➢ Options for targeted therapy in most malignancies increasing

➢ shift histology to molecular diagnostic and prognostic markers

What do we need in 2023:

➢ Broader panels (>350 clinical relevant markers) 

➢ Detection of SNVs, deletions, insertions, BUT also: fusions, TMB, MSI, signatures, CNV

➢ Per 2023: molecular test should be CE-IVD

➢ Applicable on FFPE (WGS not yet suitable for all patients)



Nation-wide implementation of broad NGS (and WGS) in molecular 

pathology for rational treatment decision making (2021-2025)



• Introduction of 523 gene NGS panel (commercial Illumina TSO500) for single 
nucleotide variants (SNV), copy number variants (CNV); tumour mutational burden 
(TMB) and microsatellite instability (MSI) for most clinical-relevant markers

• Definition of virtual subpanels dependent on clinical request, e.g.
Lung cancer: 14 genes
Lymphoma: 26 genes
Prostate cancer: 46 genes
Actionable target panel: 54 genes (with all targets for inclusion in DRUP)
Upcoming indications (breast, ovary, endometrium, pancreas, others, …)

TSO500 gevalideerd in RadboudMC (JMD2020)

UMCG: nieuwe standaard

Validatie: MUMC, ErasmusMC, UMCU

CE-IVD-TSO500: 15th March 2022

Nation-wide implementation of broad NGS (and WGS) in molecular 

pathology for rational treatment decision making (2021-2025)

TSO500 is combined with:
➢ RNA-based NGS test (Archer lung)
➢ PDL1-IHC
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Nation-wide implementation of broad NGS (and WGS) in molecular 

pathology for rational treatment decision making (2021-2025)



Some new challenges using broad NGS panels

• More rare and uncommon variants (appropriate calling and interpretation)

• Nation-wide implementation (to ensure equal access to targeted therapies for all cancer patients in the NL)

• Tumor tissue management (small biopsies, FFPE, fresh/frozen, liquid biopsies)

• Reporting molecular results (international annotations for professionals but useful treatment advice for physicians)

• Costs, cost-effectiveness, reimbursements

• Quality control, quality assurance



Variant calling, clinical interpretation and classification of actionability
proper treatment decision making (example)

➢ Analysis and classification of the variant by Clinical Scientist in Molecular Pathology (CSMP):
➢ Reporting common variants in the Molecular Pathology Registry (available for treating physicians)
➢ Rare and uncommon variants submitted to Molecular Tumor Board for advice on treatment

Standard variant calling, clinical interpretation

and classification for actionability

3D-modeling of mutated protein:

drug binding to predict actionability

6 in vitro models to predict specific

response 

Koopman, Clinical Lung Cancer 2021, Jul 3; doi: 10.1016/j.cllc.2021.06.011 



Tumor-related molecular findings discussed in our MTB 
(some examples)

• Patients with rare or uncommon variants (frequency <1%) 

• Patients with pathogenic/actionable variant without standard-of-care treatment options 

• Patients with known targetable variant in combination with other oncogenic/pathogenic variants 

• Patients with rare treatment-resistant mechanism 

• Patients with variants that are reported targetable in other cancers

• Patients with variants (potentially) also known as germline mutation 

• Patients with any uncommon findings 

• To discuss additional testing for inclusion in clinical studies

richtlijnendatabase.nl/richtlijn/niet_kleincellig_longcarcinoom/systemische_

behandeling_stadium_iv_nsclc/moleculaire_tumor_board_nsclc.html 



Molecular tumour board

metastatic
cancer

genotype with
actionable
aberrations

treatment
options

genetic
counselling

Clinical Scientist in Molecular Pathology, Medical oncologists; Pulmonologists; Pathologists; Clinical Geneticists; Geneticist
experts in molecular diagnostics and targeted therapy, and active in an NVALT-designated centre for targeted treatment.

Koopman et al. JCO Precision Oncology 2020;4:393-410; Koopman et al. The Oncologist 2020;25:1-12

➢ Treatment decision making for uncommon/rare variants
➢ MTB is complementary to multidisciplinary tumor board teams
➢ Organisation: centralized MTB; regional networking with local MDT teams 

kwaliteitsborging

https://richtlijnendatabase.nl/richtlijn/niet_kleincellig_longcarcinoom/algemeen.html (In Dutch only)



Predictive testing

at baseline

Predictive testing

at progression

Predictive testing at progression

New class of predictive markers in Precision Medicine:
EGFR/ROS/ALK/ICI-treatment-resistent alterations targetable with second-line TKI

Molecular Tumor Board UMCG 2019: Koopman, van Kempen, Schuuring JCO PO 2020

Predictive testing

at progression
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MTBs are hosted in all tertiary cancer referral centers in the Netherlands

Koopman et al. 2021: Multicenter Comparison of Molecular Tumor Boards in the Netherlands: 
Definition, Methods and Targeted Therapy Recommendations.  The Oncologist. DOI: 10.1002/onco.13580
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Molecular Tumor Boards: today and near-future

MTBs today ... MTBs in near future ?
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Mutual educational platform for various 
professional

MTB is expertisegroup required for professional guidelines 
and reimbursement of complex MD-based health care

Medical 
Oncologist

Pathologist CSMP Pulmonologist

External/regional treating physicians, pathologists and CSMP
2020 2030?

Medical 
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Pathologist CSMP
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cieBOD – commissie ter BeOordeling Diagnostiek (jan 2022)
No national direction on implementation of new diagnostics

No link between registration of new oncolytics/indication and the associated diagnostics, resulting in delays in the

implementation and appropriate use of both registration and diagnostics

No point of contact for CieBOM, cieBAG, insurrance companies, regulatory bodies, health care agencies (ZIN) and others, 

resulting in a lack of direction

Current national onco-guidelines: 

No advice regarding molecular diagnostic algorithms/techniques

Incorporation of new developments have great delay (guideline are not uptodate) 

This leads to unnecessary heterogeneity in molecular diagnostic algorithms in the Netherlands 

National advisory body with regard to method, execution and implementation of oncological diagnostics (installed nov 2021) 

Group of experts from the scientific societies, the NVVP, NVALT, NVMO, VKGL, NVKC, NVKG, mandated by various

professional societies with an emphasis on scientific content/ expertise 

The cieBOD assesses independently of its own professional interest or (other) commercial interest



cieBOD – commissie ter BeOordeling Diagnostiek (jan 2022)

DOEL: Toetsing op basis van stand van wetenschap en praktijk met advies

OBJECTIVE: Assessment based on state of science and practice with advice

Eerste cieBOD-advies (jan 2023): RET-fusie detectie bij niet-kleincellig longcarcinoom

https://pathology.nl/ciebod/

Effectiveness (effectiviteit): which tests are suitable? Which should not be used? Sensitivity/specificity

Position determination (plaatsbepaling): 

Diagnostic landscape: List of minimal clinical required molecular targets

Future-proof: be up to date quickly (broad panels?) 

More efficient organization

Efficient tissue-management 

Cost efficiency 



5% neoplastic cells

>50% neoplastic cells

Diagnostic predictive testing
Today’s tissue-management lung cancer (2023)

PA-T-nr: 
xx-xxxx



5% neoplastic cells

>50% neoplastic cells

This example represents a typical biopsy in our clinical practice (lung cancer)

Diagnostic predictive testing
Today’s tissue-management lung cancer (2023)

PA-T-nr: 
xx-xxxx

In NL in 25-30% of clinical lung cancer samples no molecular predictive testing could 

be performed !!!

• Not enough tumour DNA - No neoplastic cells (<1%) - MD is not requested



Wan JCM et al, Nat Rev Cancer, 2017

Liquid biopsies in clinical practice: 

circulating tumor DNA (ctDNA) is shedded in the bloodstream

Routine EDTA-tube 

after centrifugation



Image from www.palaisdetokyo.com

Detection of mutations in circulating tumor DNA in cell free plasma

finding the “abnormal” hay in the haystack

Fraction of tumor DNA in tissue biopsy: >10%

Fraction of prenatal DNA in plasma of mother: ~15%

Fraction of tumor DNA in total circulating cell-free DNA in plasma: <0.1-1%

Different molecular assays

are required compared to tissue-

based molecular profiling



Liquid Biopsy: circulating tumor DNA in cel-free plasma
very promising diagnostic tool for prediction and monitoring 

• None-invasive (easy blood-drawn)

• Simple logistics (routine)

• Cheap

• No one-fits-all-ctDNA assay; guided by the clinical application

• Most appropriate test depends on reimbursement, QC, experience, ...

www.cfDNA/COIN

Approaches and opportunities:

Standardization/harmonisation of technical/logistic issues

By collaboration at Dutch (COIN) and European (ELBS) level



Take-home message

For proper treatment response molecular target-testing AND accurate genotyping of targets is required

Precision Medicine is very dynamic (new drugs/treatment): the pressure on diagnostics is high

We need to be ready for the future, cost-efficient, tissue-management, efficient workflows, high quality

SOLUTION:  a complete molecular profile of tumors using broad target-

panel/WGS for optimal treatment decision making

Essential role for MTB, cieBOD, central-testing/regional networking, PATH/COIN

e.schuuring@umcg.nl



Molecular Pathologie UMCG-team
MD-technicians:
Ingrid de Boer-Huitema

Annelies ten Caat

Erik Nijboer

Paskal Modderman-van Norel

Rianne Pelgrim

Inge Platteel

Martin Schipper

Jantine Sietzema

Tom Artz

Marleen Smits

Frank Scherpen

Klaas Kooistra

Molecular Tumor Board Groningen (in dutch)
Ed Schuuring, KMBP

Arja ter Elst, KMBP

Anke van den Berg, KMBP

Wim Timens, lungpatholoog

Harry Groen, pulmonologist

Jeroen Hiltermann, pulmonologist

Anthonie van der Wekken, pulmonologist

Geke Hospers, medisch oncologist

Lucy Hijmering-Kappelle, pulmonologist

Birgitta Hiddinga, pulmonologist

Hilde Jalving, medisch oncoloog

Michiel van der Kruchten, medical oncologist

Sjoukje Oosting, medisch oncoloog

Mathew Glover, drug-design (GRI of Pharmacy)

Joost Kluiver, KMBP

Jose van Gaal, pathologist Isala

Jos Stigt, pulmonologist Isala

Clinical scientists in Molecular Pathology (KMBP)
Elise van der Logt (PAF, UMCG)

Arja ter Elst

Anke van den Berg

Ed Schuuring (hoofd/MP)

Leon van Kempen

Joost Kluiver

Pathologists:
Wim Timens
Stefan Willems
Arjan Diepstra (moleculaire patholoog)
Arjen Cleven

Info: www.moloncopath.nl



Molecular diagnostics of NSCLC and available targetable

drugs in the Netherlands (2023)
Next generation sequencing: SNV, indels and CNV

EGFR (12%)    Erlotinib, Gefitinib, Afatinib, Osimertinib

BRAF (5.2%)   Dabrafinib

MET (2.6%)   Crizotinib, Capmatinib, Tepotinib

ERBB2 (1.7%)   Trastuzumab, Afatinib

KRAS  (40%)     p.G12D-specific inihibitor BI-2852, pG12C-specific inhibitor AMG 510 /sotorasib

ALK (1.2%)    Brigatinib, Lorlatinib, Crizotinib, Ceritinib, Alectinib

Gene fusion events

ALK (2.4%)    Crizotinib, Ceritinib, Alectinib

ROS1 (0.8%)    Crizotinib, Ceritinib

RET (0.5%)    Selpercatinib, Pralsetinib/Blu-667

NTRK1 (<0.1%) Entrectinib, Larotrectinib

NRG1 (<0.1%) Afatinib

BRAF (<0.1%)  MEKi (preclinical), RAFi (preclinical)

Protein expression profiles

ALK (4%) Crizotinib, Ceritinib, Alectinib

ROS1 (2%) Crizotinib, Ceritinib

PD-L1 (var) Pembrolizumab, Nivolumab, Atezolizumab

Koopman et al Cancers 2021; 13: 3641

Koopman et al Clin Lung Cancer  2022; 23: e104

Koopman el al Diagnostics 2022; 12: 668

Garcia et al Lung Cancer 2022; 167: 1 

Steeghs, PATH-consortium, Lung Cancer 2022; 167: 87



NOT all patients with advanced-stage lung cancer are tested for predictive

tumor mutations in the NL (reported in PALGA - Dutch Pathology Registry)

Koopman et al Cancers 2021;13:1341

EGFR-mutation analysis

Garcia et al Lung Cancer 2022: 176:1

2013: 70.1%

2015: 78.5%

2017: 82.0%

KRAS-mutation analysis



cieBOD – commissie ter BeOordeling Diagnostiek (jan 2022)

• Effectiviteit: welke testen zijn geschikt ? Sensitiviteit/specificiteit

• Plaatsbepaling: 

• Diagnostische landschap: Lijst minimaal klinisch noodzakelijke targets

• Toekomstbestendigheid: snel up to date zijn (brede panels ?)

• efficientere organisatie

• Weefselefficientie

• Kostenefficientie

DOEL: Toetsing op basis van stand van wetenschap en praktijk met advies:

Eerste cieBOD-advies (jan 2023): RET-fusie detectie bij niet-kleincellig longcarcinoom

https://pathology.nl/ciebod/



cieBOD – commissie ter BeOordeling Diagnostiek (jan 2022)

▪ Geen landelijke regie op implementatie nieuwe diagnostiek

▪ Geen link tussen registratie nieuwe oncolytica /indicatie en de gerelateerde diagnostiek waardoor vertraging 
optreedt in de implementatie en gepast gebruik van beiden

▪ Geen aanspreekpunt voor CieBOM, verzekeraars, ZIN e.a. met daardoor gebrek aan regie

▪ Richtlijnen:

▪ geen advies met betrekking tot moleculair diagnostische algoritmes/ technieken

▪ Nieuwe ontwikkelingen worden met grote vertraging opgenomen

▪ Hierdoor onnodige heterogeniteit in moleculair diagnostische algoritmes in Nederland

▪ Landelijke adviesorgaan mbt methode, uitvoering en implementatie van oncologische diagnostiek

▪ Groep van experts vanuit de wetenschappelijke verenigingen, de NVVP, NVALT, NVMO, VKGL, NVKC, 
NVKG, gemandateerd vanuit verschillende beroepsverenigingen met een nadruk op wetenschappelijke
inhoud/ expertise

▪ De cieBOD beoordeelt onafhankelijk van eigen beroepsbelang of (ander) commercieel belang.
▪
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