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1990           Lung cancer

2000 Non-small cell lung cancer Small-cell lung cancer

2008 Adenocarcinoma Large-cell carcinoma Squamous cell carcinoma

Adenocarcinoma

Adenocarcinoma and treatable oncogenic alterations

Large cell carcinoma

Small-cell lung cancer

Squamous cell carcinoma

Longkanker is een heterogene ziekte

Established targets Mutation negative/unknownToday
EGFR      ALK     BRAF      ROS1



DNA analyse matcht de juiste medicatie aan de juiste patient



Stroomversnelling in medicijnontwikkeling



Matches tussen genetische driver en medicatie

Gene  Perc. Alteration   Treatment

• KRAS G12C 15% Mutation   Sotorasib, Adagrasib, etc.

• KRAS other 24% Mutation   RMC-6291

• EGFR 10% Mutation   Osimertinib, amivantamab, furmonertinib, etc.

• ALK  4% Translocation   Alectinib, lorlatinib, etc.

• BRAF  2% Mutation   Dabrafenib en trametinib

• ROS1 1% Translocation   Crizotinib, entrectinib, repotrectinib, etc.

• RET  1% Translocation   Selpercatinib

• MET  4% Mutation and amplification Capmatinib, tepotinib, savolitinib, crizotinib

• HER2  2% Mutation and amplification T-DXd, Zongertinib, BAY 2927088

• NTRK <1% Fusion    Entrectinib, Larotrectinib, Reptrectinib

• MEK  <1% Mutation   Trametinib

• NRG-1 <1% Fusion    Zenocutuzumab, Afatinib

• Total:  >60%



Mutation positive NSCLC has a low TMB and depends on the 
gene alteration for tumor growth



‘Common’ NSCLC has a high TMB and multiple pathways are 
involved in tumor growth



Minari R, et al. Transl Lung Cancer Res 2016

Oncogenes drive tumorigenesis



Case 1 – Wat betekent deze vooruitgang voor patienten?

• 33 year old female patient. 

• Maried, 2 young children.

• Never smoked.



Case 1 - Introduction

• 2015-06 Stage IV NSCLC, adenocarcinoma LLL, cT2aN3M1b with bone
metastases. 

• Treatment with cisplatin-pemetrexed x 4 and maintenance pemetrexed.

• 2016-03 Progressive disease.
• Treatment with nivolumab.

• 2016-06 Progressive disease.
• Treatment with docetaxel.

• 2017-01 Progressive disease.
• No options, BSC

• Referred for second opinion at AvL





Case 1 – Second opinion at AvL



Case 1 – Treatment with crizotinib



Case 1 – 6 months later



Case 1 – Switch to lorlatinib



Case 1 – Current situation

• Disease in remission (both intra- and extracranially)

• Good clinical condition

• Proud mother of 2 children (now 10 and 13 years old).

• Thoracic / upper abdomen CT every 3 months and brain MRI every 6 
months



Individual genes - EGFR

Riess et al, JTO 2018



EGFR exon 19 del and exon 21 L858R

Soria J-C, et al. N Engl J Med 2017; Planchard D, et al. N Engl J Med 2023; Cho BC, et al. N Engl J Med 2024

Passaro A, et al. Ann Oncol 2023; Reck M, et al. ELCC 2019; Ahn M-J, et al. ESMO 2023 

Drug Class ORR mPFS (months) Grade 3 
tox

Osimertinib EGFR TKI 80% 18.9 34%

Osimertinib + chemotherapy EGFR TKI + chemo 83% vs 76% 25.5 vs 16.7 64% vs 
27%

Lazertinib + amivantamab EGFR TKI + EGFR/MET mAb 86% vs 85% 23.7 vs 16.6 75% vs 
43%

Drug Class ORR mPFS (months) Grade 3 
tox

Chemotherapy + amivantamab EGFR TKI + chemo 64% vs 36% 6.3 vs 4.2 72% vs 
48%

Chemo-bev-immunotherapy Chemo + anti-VEGF + anti-PD-L1 71% vs 42% 10.2 vs 6.9 64% vs 
57%

First line options

Second line options



Who needs what? - Considerations for first line

Planchard D, et al. N Engl J Med 2023



Who needs what? - Considerations for first line

Study Details | Osimertinib Alone or With Chemotherapy for EGFR-Mutant Lung Cancers | ClinicalTrials.gov

https://clinicaltrials.gov/study/NCT04410796#study-plan


What to do when the tumor starts growing during osimertinib?

• Oligo?

• Very slow multi-site progression?

• More rapid mutisite progression?



Cancer is characterized by genomic instability

Hanahan D, et al. Cell 2011



Minari R, et al. Transl Lung Cancer Res 2016

Oncogenes drive tumorigenesis, but also TKI resistance



OSIRIS: Osimertinib resistance analysis in EGFRm NSCLC 
that have progressed on osimertinib treatment

• Identification of resistance 
mechanism

• Targetable yes/no
• Preferred treatment

N = 200 
PD on 
osimertinib

Sequencing report

MTB report to 
treating physician

WGS on tumor biopsy 

NGS on ctDNA



OSIRIS - Results

Van der Wel, et al. WCLC 2021



Case 2 – single mechanism of resistance

Van der Wel, et al. WCLC 2021

• 57 year old female patient, progressive after 2nd line osimertinib for EGFR exon
19 del mutation positive NSCLC



Case 2 – Single mechanism of resistance

Date Biopsy cfDNA

08-2020 EGFR exon 19 del VAF 75%
High MET amplification 

EGFR exon 19 del VAF 1.10%

Baseline 1st RE 2nd RE 3rd RE 4th RE

EGFR exon 19 del (mol/ml) 27 0 0 0 0

CNV

Treatment Osimertinib Osimertinib + MET TKI Osimertinib + MET TKI Osimertinib + MET TKI Osimertinib + MET TKI

CT response PD (on osimertinib) CR CR CR CR

Van der Wel, et al. WCLC 2021



Case 3 – multiple mechanisms of resistance

• 71 year old female patient, progressive after 2nd line osimertinib for EGFR exon
19 del mutation positive NSCLC

Van der Wel, et al. WCLC 2021



Case 3 – multiple mechanisms of resistance

Date Biopsy cfDNA

10-2019 EGFR exon 19 del VAF 66%
EML4-ALK fusion

EGFR exon 19 del VAF 20%
EML4-ALK fusion
KRAS Q61H VAF 2.94%
EGFR amplification

Baseline 1st RE
EGFR exon 19 del (mol/ml) 553 200
KRAS Q61H 81 109

CNV EGFR amp

Fusions EML4-ALK fusion

Treatment osimertinib Osimertinib + ALK TKI

CT response PD (on osimertinib) Mixed response

Baseline Response evaluation

Van der Wel, et al. WCLC 2021



Value of the addition of immunotherapy to chemotherapy

Reck M, et al. ELCC 2019 



Value of the addition of immunotherapy to chemotherapy

Nogami M, et al. J Thor Oncol 2021



EGFR exon 20 insertion mutations



EGFR exon 20 treatment in second line and beyond

Park K, et al. JCO 2021; Zhou C, et al. JAMA Oncology 2022; Elamin YY, et al. Cancer Cell 2022; Wang M, et al. ASCO Annual Meeting 2023; Piatrowska Z, et al. JCO 2023; 

Han B, et al. WCLC Annual  Meeting 2023 

Efficacy Toxicity

Drug Class N ORR (95% CI) mPFS (95% CI) Rash all / gr 3 Diarrhoea Other

Amivantamab EGFR-MET
bispecific mAb

81 40% (29-51%) 8.3 (6.5-10.0) 86% / 4% 12% / 4% Infusion
reactions, 
edema

Sunvozertinib EGFR TKI 104 61% (50-71%) n.a. 80% / 1% 20% / 3%

Zipalertinib EGFR TKI 73 38% (27-49%) 10 (6-12) 80% / 1% 30% / 3%

Furmonertinib EGFR TKI 26 46% (27-67%) n.a. 21% / 0% 86% / 0%



Amivantamab + chemotherapy in first line

Zhou C, et al. NEJM 2023



EGFR exon 20 TKIs in first line

Park K, et al. JCO 2021; Zhou C, et al. JAMA Oncology 2022; Elamin YY, et al. Cancer Cell 2022; Wang M, et al. ASCO Annual Meeting 2023; Piatrowska Z, et al. JCO 2023; 

Han B, et al. WCLC Annual  Meeting 2023 

Drug Class N ORR (95% CI) mPFS (95% 
CI)

Sunvozertinib EGFR TKI 104 71.4% (n.a.) n.a.

Furmonertinib EGFR TKI 26 78.6% (59-72%) n.a.



Phase 3 trial in EGFR exon 20 ins pos NSCLC

• Amivantamab + platinum-pemetrexed vs platinum-pemetrexed 

• Zipalertinib + platinum-pemetrexed vs platinum-pemetrexed

• Sunvozertinib vs platinum-pemetrexed

• Furmonertinib vs platinum-pemetrexed 



Phase 3 trial in EGFR exon 20 ins pos NSCLC

• Amivantamab + platinum-pemetrexed vs platinum-pemetrexed

• Zipalertinib + platinum-pemetrexed vs platinum-pemetrexed

• Sunvozertinib vs platinum-pemetrexed

• Furmonertinib vs platinum-pemetrexed

• Who needs what in first line?
• Differences between TKI’s with respect to CNS 

activity?
• Can we sequence these targeted drugs?
• Do we need to identify resistance mechanisms?
• Cross-trial comparison
• Amivantamab + TKI?



Zipalertinib in EGFR exon 20 ins positive NSCLC after prior 
amivantamab

Passaro A, et al. ESMO Annual Meeting 2024

Key eligibility criteria

• Locally advanced or 

metastatic NSCLC

• Documented EGFR 

exon 20 insertion

• Progressed on or after 

amivantamab

• ECOG PS 0 or 1

• Stable/asymptomatic 

brain metastases 

allowed

Primary endpoint:

• ORR and DOR per RECIST v1.1

Secondary endpoints:

• Safety

• PFS

• DCR

Zipalertinib

100 mg BID oral



Zipalertinib in EGFR exon 20 ins positive NSCLC after prior 
amivantamab

Passaro A, et al. ESMO Annual Meeting 2024

Statistics, n (%) [95% CI]
Ami only

(n=18)
Ami + other ex20ins

(n=12)
Total 

(N=30)

 Confirmed ORR
9 (50.0)

[26.0–74.0]
3 (25.0)

[5.5–57.2]
12 (40.0)

[22.7–59.4]

 CR
1 (5.6)

[0.1–27.3]
0

1 (3.3)
[0.1–17.2]

 PR
8 (44.4)

[21.5–69.2]
3 (25.0)

[5.5–57.2]
11 (36.7)

[19.9–56.1]

 SD
7 (38.9)

[17.3–64.3]
8 (66.7)

[34.9–90.1]
15 (50.0)

[31.3–68.7]

 DCR (CR+PR+SD)
16 (88.9)

[65.3–98.6]
11 (91.7)

[61.5–99.8]
27 (90.0)

[73.5–97.9]

• Median PFS: 9.7 months (90% CI: 4.1–NE)



Individual genes – ALK



ALK fusion

Peters S, et al. N Engl J Med 2017; Mok T, et al. Ann Oncol 2020; Camidge DR, et al. N Engl J Med 2018; Camidge DR, et al. J Thorac Oncol 2021; Shaw AT, et al. N Engl J Med 2020; 

Solomon BJ, et al. J Clin Oncol 2024 

Drug ORR mPFS (months) Grade 3 tox

Alectinib 83% vs 76% 34.8 vs 10.9
4-year PFS 44%

41% vs 50%

Brigatinib 71% vs 60% 24.0 vs 11.1 70% vs 56%

Lorlatinib 76% vs 58% NR vs 9.1
5-year PFS 60%

72% vs 56%



ALK – patient journey benefiting from drug development

• 61 year old male patient (now 73) with stage IV ALK fusion positive
NSCLC 

• 08-2012: Diagnosis. Chemotherapy

• 09-2013: PD. ALK fusion detected. Crizotinib
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ALK – patient journey benefiting from drug development

• 61 year old male patient (now 73) with stage IV ALK fusion positive
NSCLC 

• 08-2012: Diagnosis. Chemotherapy

• 09-2013: PD. ALK fusion detected. Crizotinib

• 08-2016: PD. With limited panel no detection of ALK mutations. Ceritinib

• 06-2020: PD. ALK F1174C mutation. Brigatinib

• 02-2021: PD. No biopsy possible. Lorlatinib

• 07-2024: PD. Biopsy: ALK F1174C + L1198F mutation. 



Individual genes – KRAS



KRAS

1. Garcia BNC, et al. Lung Cancer 2022



KRAS – How does it compare to other molecular drivers?

• KRAS positive NSCLC is not the typical driver 
• Heavily associated with smoking

• High TMB

• Many co-mutations

• Sensitive to PD-(L)1 checkpoint inhibition



KRAS G12C-GDP off inhibitors

• LY3537982 (olomorasib)

• GDC-6036 (divarasib)

• D-1553 (garsorasib)

• HBI-2438

• JDQ443 (opnurasib)

• JAB-21822

• HS-10370

• IBI-351 (GFH925)

• BI-1823911

• MK-1084

• Etc, etc

• Differences in?

• Potency to inhibit KRAS G12C

• CNS activity

• Tolerability as monotherapy

• Tolerability in combinations



KRAS G12C-GTP on and pan-RAS inhibitors

Janne PA, et al. AACR-NCI-EORTC International Conference on Molecular Targets and Cancer Therapeutics 2023; 

Arbour KC, et al. ESMO Annual meeting 2023

Compound Characteristics  Subjects Efficacy
• RMC-6291  KRAS G12C-GTP inh  KRAS G12C ORR 50% (5/10) in KRAS 

G12C-GDP inh       pretreated pts

         ORR 43% (3/7) in KRAS 
         G12C-GDP inh naïve pts 

• BBO-8520  KRAS G12C-GTP inh    No clinical data available yet

  KRAS G12C-GDP inh

• BI-2865  KRAS pan-GDP inh  KRAS pan No clinical data available yet

• MRTX-1133  KRAS G12D-GDP inh  KRAS G12D No clinical data available yet

•   KRAS G12D-GTP inh

• RMC-6236  KRAS pan-GTP inh  KRAS G12X ORR 38% (15/40) 

       (non G12C)

• Etc, etc



Pan-RAS inhibitors

Janne PA, et al. AACR-NCI-EORTC International Conference on Molecular Targets and Cancer Therapeutics 2023; 

Arbour KC, et al. ESMO Annual meeting 2023



Pan-RAS inhibitors

Arbour KC, et al. ESMO Annual meeting 2023



First line KRAS G12C inh + pembrolizumab

Garassino MC, Theelen WSME, et al. ESMO Annual Meeting 2023



First line KRAS G12C inh + pembrolizumab

Garassino MC, Theelen WSME, et al. ESMO Annual Meeting 2023



First line KRAS G12C inh + pembrolizumab

Garassino MC, Theelen WSME, et al. ESMO Annual Meeting 2023



How to move forward in KRAS?
Target Drug Lijn Studie

KRAS G12C Adagrasib
KRAS G12C-GDP inh

2nd and later lines Trial of Two Adagrasib Dosing Regimens in NSCLC 
With KRAS G12C Mutation (KRYSTAL 21)

KRAS G12C Divarasib
KRAS G12C-GDP inh

First line, all PD-L1 PD-L1 negative: carbo-pem-pembro-divarasib
PD-L1 ≥1%: pembro-divarasib

KRAS G12C RMC-6291
KRAS G12C-GTP inh 

RMC-6236
Pan-RAS-GTP inh

2nd and later lines Phase 1b, Multicenter, Open-label, Dose Escalation 
and Dose Expansion Study of RMC-6291 in 
Combination with RMC-6236 in Participants with 
Advanced KRAS G12C-Mutated Solid Tumors.

All KRAS RMC-6236
Pan-RAS-GTP inh

First line, all PD-L1 PD-L1 0-50%: carbo-pem-pembro-RMC-6236
PD-L1 ≥50%: pembro-RMC-6236



Individual genes – HER2



HER2

Li BT, et al. N Engl J Med 2021; Ruiter G, et al. WCLC Annual Meeting 2024; Le X, et al. WCLC Annual Meeting 2024. 

Drug ORR mPFS (months) Grade 3 tox

Trastuzumab-deruxtecan 55% 8.2 46%

Zongertinib 72% N.R. 18.2%

Bay 2927088 73% 7.5 41%



HER2

• 31 year old male patient with stage IV HER2 exon 20 insertion mutation
positive NSCLC 

• 08-2022: Diagnosis. Carboplatin-pemetrexed-pembrolizumab

• 03-2023: PD. Trastuzumab-deruxtecan



HER2

• 31 year old male patient with stage IV HER2 exon 20 insertion mutation
positive NSCLC 

• 08-2022: Diagnosis. Carboplatin-pemetrexed-pembrolizumab

• 03-2023: PD. Trastuzumab-deruxtecan

• 11-2023: PD. Zongertinib



Behandeling van RET fusie, BRAF V600E en MET exon 14 
mutatie positief NSCLC

Driver Eerste lijns behandeling Tweede lijns behandeling

RET fusie Selpercatinib Chemotherapie +/- immunotherapie

BRAF V600E Dabrafenib + trametinib
Encorafenib + binimetinib

Chemotherapie + immunotherapie

MET exon 14 mutatie Chemotherapie +
immunotherapie

Tepotinib



Why should we biopsy all pts that progress on targeted therapy?

52 year old female patient (now 56) with stage KIF5B-RET fusion positive
NSCLC 

• 02-2020: Diagnosis. Carboplatin-paclitaxel-bevacizumab-atezolizumab

• 07-2021: PD. Selpercatinib

• 02-2023: PD. Biopsy: KIF5B-RET fusion and high MET amplification. Selpercatinib + 
tepotinib

• 02-2024: Oligoprogression in the liver. Microwave ablation

• 08-2024: Onveranderde restlaesie linkeronderkwab. Geringe afname ablatieholte 
lever. Geen nieuwe lymfadenopathie of metastasen.



ROS1 fusion

Shaw AT, et al. N Eng J Med 2014, Drilon A, et al. Lancet Oncol 2020, Drilon A, et al. N Engl J Med 2024 

Drug N ORR (95% CI) mPFS (95% CI) Grade 3 toxicity

Crizotinib 50 72% (58-84%) 19.2 (14.4-n.r.) 28%

Entrectinib 53/134 77% (64-88%) 19.0 (12.2-36.6) 34%

Repotrectinib 71/426 79% (68-88%) 35.7 (27.4-n.r.) 51%

Zidesamtinib 71/104 73% n.a. 1%?



Zidesamtinib

Besse  B, et al. ESMO Annual Meeting 2024



Where should we head to?

• Targeted therapy for everybody
• ~50% of pts with advanced stage NSCLC receive BSC

• Targeted therapy has excellent efficacy-toxicity ratio and works fast

• Immunotherapy for everybody
• Targeted therapy almost never cures pts

• Needs time to work

• We need to move beyond checkpoint inhibition



Conclusions

• DNA and RNA NGS or WGS with matching to SOC + clinical trials should 

be available for every patient.

• Targeted treatment as well as immunotherapy needs to be developed for 

all patients

• Biopsy after progression on targeted therapy directs subsequent therapy, 

even in low prevalent mutations



Thank you for listening

Questions?
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