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The concept of lung cancer has changed

Reck M et al. Lancet. 2013 Aug 24;382(9893):709-19.



Targetable oncogenic driver molecular alterations in NSCLC

Tan AC, Tan DSW. J Clin Oncol 2022;40:611-25

Timeline of FDA-approved targeted therapies for oncogene-driven NSCLCFrequency of targetable oncogenic driver molecular 
alterations in NSCLC



2015 → 2022 NCCN Guideline

NCCN guideline 2022 v3





EGFR Exon 20 insertion



Currently FDA-approved therapy in EGFR exon 20 insertion



Targeting EGFR exon 20 insertions



Amivantamab: EGFR-MET Bispecific Antibody
• Fully human EGFR-MET bispecific antibody with immune cell-directing activity

• Targets activating and resistance EGFR mutations and MET mutations and amplifications

Neijssen J, et al. J Biol Chem. Jan-Jun 2021;296:100641. 
Simon Vyse, et al. Expert Rev Anticancer Ther. 2022 Jan;22(1):3-16.



▪ Dose-escalation/expansion phase I trial of amivantamab, an EGFR-MET bispecific antibody

CHRYSALIS: Amivantamab in Post-platinum Exon20ins Population

Sabari. WCLC 2020. Abstr OA04.04. NCT02609776.
Park  K, et al. J Clin Oncol. 2021 Oct 20;39(30):3391-3402.



CHRYSALIS: Adverse effects regardless of causality 

Safety profile consistent with inhibition of EGFR and MET pathways
• 2% discontinued due to rash
• 12% had diarrhea (10% treatment related)

― 8.5% grade 1-2, 3.5% grade 3
• 94% of IRRs occurred with the first infusion and rarely impacted 

ability to continue with subsequent treatments

Sabari. WCLC 2020. Abstr OA04.04. NCT02609776  
Park  K, et al. J Clin Oncol. 2021 Oct 20;39(30):3391-3402.



Infusion related reaction of Amivantamab

Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729

Studies conducted on a subset of patients to understand the underlying mechanisms contributing to IRRs failed to 
distinguish a pattern between patients with and without IRR 



Rates of IRRs by Amivantamab Infusion Cycle

IRR occurred early, with median time to onset of 45 mins; 
98% of events occurred on C1D1, and only 5 events occurred past cycle 2.

The median infusion duration was 4.70 hours for the 1050 mg dose and 
5.08 hours for the 1400 mg dose at C1D1, was 4.42 and 6.03 hours at C1D2, 
and decreased to 2.20 and 2.25 hours, respectively, by C1D22

Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729



Guidelines for Monitoring and Management of IRR

• Diphenhydramine 25 to 50mg (IV or Oral)

• Acetaminophen 650mg to 1000mg (IV or Oral)

• Dexamethasone 10mg or Methylprednisolone 
40mg or equivalent IV

• Required at initial dose (Week 1, Day 1 and 2) : 
optional for subsequent doses

• During cycle 1, a peripheral line rather than a 
central line is recommended to allow for 
slower infusion of amivantamab thereby 
reducing risk of IRR; use of central line catheter 
was permitted at C2D1 and beyond in clinical 
trials

Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729



Infusion related reaction of Amivantamab

Receipt of Pre-infusion Steroid Medications by Cycle

While all patients received required pre-infusion steroids, 51% of patients received optional steroids on C1D8; optional 
steroid use decreased with subsequent cycles

Post-infusion medications to treat IRR were received by 208 patients (55%) and included 
antihistamines (36%), steroids (33%), analgesics (21%), oxygen (12%), and histamine H2- receptor 
antagonists (11%) – 91% of the post-infusion medications were given on C1D1 and 5% on C1D2

Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729



Phase I/II Trial: Mobocertinib in Platinum-
Pretreated EGFR Exon 20 Insertion Advanced NSCLC 

▪ Mobocertinib: oral, first-in-class, irreversible EGFR TKI that targets EGFR ex20ins mutations

Zhou C. et al, JAMA Oncol. 2021;7:e214761.  

96% pts had a reduction from baseline in the sum of target lesions; 
Median time to response: 1.9months
Responses observed across all EGFR exon 20 insertion mutation subtypes



TRAEs With Mobocertinib in ≥20% of Patients

Zhou C. et al, JAMA Oncol. 2021;7:e214761. 
Nguyen D, et al. Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729

Diarrhea was managed with antidiarrheal medication in 74% of patients, most commonly loperamide-containing medications



• AEs led to dose reductions in 25% of PPP (29/114) – GI toxicities were the most common AEs leading to dose 
reductions, including diarrhea in 11% of patients, nausea in 5%, and vomiting in 3%

• Efficacy outcomes were affected by dose reductions due to AEs, which were primarily due to GI toxicity

Mobocertinib: Dose Reductions Due to Adverse Events

Nguyen D, et al. Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729



Mobocertib: QTc prologation and Torsade de ointes

Ongoing phase III trials are evaluating the CV safety profile of mobocertinib

Mobocertinib PI 
Chitturi KR, et al. Curr Oncol Rep. 2022 Apr;24(4):475-491.



KRAS G12C Mutations 



KRAS mutations in advanced NSCLC
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• Most common oncogenic driver  in NSCLC
• KRAS G12C most common variant

- Comprise 40% of KRAS mutations overall
- ~15% incidence in adenocarcinoma

Liu. ASCO 2020. Abstr 9544. Lee J, et al. JTO Clin Res Rep 2022;3(1):100261



CodeBreaK100: Sotorasib in Pretreated Advanced
KRAS G12C Mutation–Positive NSCLC

Hong DS, et al. N Engl J Med. 2020;383:1207-1217. Supplementary material: Protocol.



CodeBreaK100: Sotorasib in Pretreated Advanced
KRAS G12C Mutation–Positive NSCLC

Skoulidis F, et al. N Engl J Med. 2021;384:2371-2381.

mDoR: 11.1mo (95% Cl: 6.9, NE)

ORR 37.1





Sotorasib: Treatment-related Adverse Events

LUMAKRASTM(Sotorasib). Full prescribing information 2021
Skoulidis F, et al.N Engl J Med. 2021;384:2371-2381

No fatal TRAEs occurred
TRAEs led to treatment dose interruption and/or reduction in 22.2% of patients
TRAEs led to treatment discontinuation in 7.1% of patients



Sotorasib: Treatment-related Adverse Events

• Treatment related diarrhea led to dose reduction or 

interruptions in 5.9% of overall patients, nausea in 2.5% and 

vomiting in 0.8%.

• There was one subject who discontinued sotorasib due to a GI 

related TRAE, which was attributed to vomiting.
LUMAKRASTM(Sotorasib). Full prescribing information 2021

Hong DS, et al. N Engl J Med. 2020;383:1207-1217
https://ons.confex.com/ons/2022/industry/eposterview.cgi?eposterid=2239



Sotorasib: Treatment-related Adverse Events

Sotorasib PI.
Grace K. Dy, et al. Presented at American Association for Cancer Research (AACR) Annual Meeting, April 8-13, 2022; New Orleans. 





METex14 skipping mutation



METex14-Skipping Mutations in NSCLC

• HGF –only natural ligand –Dimerization

• Epithelial cells, Endothelial cells, neurons and hepatocytes.

• Normal role in embryogenesis and wound healing

• In cancer, METex14-skipping mutations cause in-frame 

deletion of juxtamembrane domain, resulting in increased 

stability and constitutive kinase activation

- 3% to 4% of nonsquamous NSCLC

- 20% to 30% of sarcomatoid cancers

Drilon A et al. Clin Cancer Res. 2016;22:2832. Awad MM et al. JCO. 2016;34:721. Tong JH et al. Clin Cancer Res. 2016;22:3048. Coleman N et al. Lung Cancer. 2022 Feb;164:56-68   



Different mechanisms of aberrant MET activation and signaling
: primary or secondary/co-driver

Coleman N. Lung Cancer. 2022 Feb;164:56-68 





GEOMETRY mono-1 (Capmatinib) 
MET Exon 14–Mutated or MET-Amplified NSCLC

• Multicenter, open-label, phase 2 trial evaluation the efficacy and safety of single agent capamatinib in adults

mPFS 5.4mo

mPFS 9.7mo

Pretreated Cohort 4 (2/3L)

Treatment-Naive Cohort 5b 

Wolf J et al. N Engl J Med. 2020 Sep 3;383(10):944-957 



GEOMETRY mono-1: AEs regardless of causality

Wolf J et al. J Clin Oncol 39, 2021 (suppl 15; abstr 9020)



GEOMETRY mono-1: Time to first occurrence and duration of 
first occurrence of TRAE

• The median (range) time to first occurrence of Grade ≥2 symptoms was 3.48 (0.03–26.64; n=99) and 0.44 (0.03–21.42; 
n=54) months, respectively

• The median (range) time to occurrence of grade 3/4 symptoms was 5.04 (0.03‒31.80; n=34) and 0.54 (0.20‒1.48; n=6) 
months, respectively.

• The median (95% CI) time to resolution of first grade 3/4 symptoms (recovered/resolved or return to grade ≤2) of 
treatment-related peripheral edema and nausea was 0.49 (0.33, 0.92) and 0.18 (0.10, NE) months, respectively

Wolf J et al. Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729



GEOMETRY mono-1: TRAEs leading to dose adjustment, dose 
interruption or permanent discontinuation

• TRAEs leading to permanent discontinuation were reported in 42 patients (11.3%).

• Peripheral edema 
dose adjustment in 9.7% 
dose interruptionin 10.5% 
permanent discontinuation in 2.1%

• In patients with brain metastasis at baseline,
TRAEs led to dose adjustment in 5 patients (17.2%)

dose interruption in 16 patients (55.2%) 

permanent discontinuation in 3 patients (10.3%).

Wolf J et al. Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729



GEOMETRY mono-1: fatal AEs

• Death from causes other than advanced NSCLC occurred during treatment in 14 
patients (3.8%)

• Only 1 death (pneumonitis) was suspected to be related to capmatinib according 
to a review by the investigator and the medical review by the sponsor.

Wolf J et al. Annals of Oncology (2021) 32 (suppl_5): S949-S1039. 10.1016/annonc/annonc729



VISION (NCT02864992)
Tepotinib in advanced NSCLC harboring METex14 skipping

Best Tumor Response With Tepotinib in 
Previously Tx METex14+ Adv NSCLC (n = 83)

Best Tumor Response With Tepotinib in 
Tx-Naive METex14+ Adv NSCLC (n = 69)

• Phase II, METex14Δ or de novo METamp, NGS (tissue- Oncomine Focus Assay, ctDNA-Guardant360)

• METex14Δ : ORR 46%(IRC), 56%(IARR), mDoR 11.1m

• ORR 47%, molecular response 67%

Paik PK et al. N Engl J Med 2020;383:931-43



Tepotinib
Time to first onset and time to resolution of AEs of clinical interest 

Veillon et al. 2022 Jun;23(4):320-332



Tepotinib: Time to first onset and time to resolution of AEs 
of clinical interest 

Veillon et al. 2022 Jun;23(4):320-332



TRAEs for METex14 Skipping Inhibitors in NSCLC

Cortot et al. Clin Lung Cancer . 2022 May;23(3):195-207



Peripheral Edema in METex14 Skipping Inhibitors

• Across the studies reviewed here, peripheral edema was the most reported 
TRAE (50%-63% patients [grade ≥3: 1%-11%]).

• Prophylactic measures, such as support stockings, bed elevation, and 
reduction in dietary salt intake, should be considered, along with 
lymphedema massage.

• MET TKI dose reduction, interruption or intermittent dosing schedules 
should be considered; data from patients with dose reductions of tepotinib
show that they remained on treatment for prolonged periods.

Cortot et al. Clin Lung Cancer . 2022 May;23(3):195-207
Coodwin et al. Journal of Thoracic Oncology; 2021 Supplement, Vol. 16 Issue 1, pS16-S17, 2p



GI disturbances in METex14 Skipping Inhibitors

• Of the 177 patients in GEOMETRY mono-1 who experienced nausea and/or 
vomiting, 21.5% received an antiemetic as management.

• Nausea or vomiting could occur acutely (within 30 minutes to 2 hours after dosing) 
or at any time throughout the day.

• Ondansetron, granisetron, and prochlorperazine were the most commonly (≥5%) 
administered antiemetics.

• Some other patients experienced reduced vomiting after reducing capmatinib
dosage to 300 mg twice daily

Goodwin K et al. Journal of Thoracic Oncology; 2021 Supplement, Vol. 16 Issue 1, pS16-S17, 2p



Increased blood creatinine in METex14 Skipping Inhibitors

Mohan A, Am J Kidney Dis. 2022 Jan;79(1):120-124.
Cortot A et al. Clin Lung Cancer. 2022 May;23(3):195-207.

• MET TKIs are known to inhibit creatinine transporters, causing creatinine levels to rise by approximately 20% to 25%
• Increased blood creatinine is likely due to renal transporter (MATE1 and MATE2K) inhibition.
• Alternative markers for measuring GFR can help determine whether creatinine elevation in fact reflects renal impairment.



NTRK



NTRK gene fusion and TRK activation

1.Kheder ES et al. Clin Cancer Res 2018 2. Drilon A. Ann Oncol 2019;30(Suppl_8):viii23 viii30 3. Cocco E et al. Nature reviews Clinical oncology 2018;15(12):731 47. 4. Amatu A et al. Ann Oncol 2019;30 Suppl 8:viii5 viii15

• Neurotrophic receptor tyrosine kinase ( NTRK ) gene 
fusions including NTRK1 , NTRK2 , and NTRK3 are 
known oncogenic drivers across a range of tumor types.

• Present in <1% NSCLC (detected across solid tumor)





Larotrectinib
the first FDA-approved pan-TRK inhibitor 

DS Hong et al. Lancet Oncol. 2020;21:531.

Change in Tumor Size With Larotrectinib
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*Maximum change in tumor size: 93%.
†Patients with brain metastases.
‡Patients with pathological complete response.

Larotrectinib N = 159*

ORR, % (95% CI) 79 (72-85)

Median DoR, mo 35.2

Median PFS, mo 28.3

Median follow-up, mo 12.9

*exclude 6 patients awaiting an initial response assessment



Larotrectinib in Patients With TRK Fusion+Lung Cancers

Drilon A., et al. JCO precision oncology 6 (2022): e2100418.

Larotrectinib N = 15

ORR, % (95% CI) 73 (45 – 92)

Median DoR, mo 33.9(5.6 – 33.9)

Median PFS, mo 35.4 (5.3 – 35.4)

Median follow-up, mo 16.2



― TRAEs were mainly Grade 1-2
― 53 patients (20%) had Grade 3-4 TRAEs 
― 5 patients (2%) discontinued treatment 

due to TRAEs 
Emotional poverty
Hypoventilation
Neutropenia
decrease in neutrophil count 
increase in ALT/AST increase 

Drilon A. et al, J Clin Oncol 40, 2022 (suppl 16; abstr 3100)



Entrectinib : Ph I (ALKA-372-001 or STARTRK-1) or ph II STARTRK-2

1. Doebele RC et al. Lancet Oncol. 2020 Feb;21(2):271-282. 2.Demetri GD. Clin Cancer Res. 2022 Apr 1;28(7):1302-1312.



Slide 5



TRK inhibitors have on-target side effect

Liu D et al. Ann Oncol. 2020;S0923-7534(20)39820 



TRK inhibitors: Weight gain

Liu D et al. Ann Oncol. 2020;S0923-7534(20)39820 



• Dizziness 41% (39 of 96; 95% CI, 
31%–51%)

• 6 patients with dizziness 
developed ataxia concurrently.

• The median time to onset was 2 
weeks (range, 3 days to 16 
months).

• The median duration of dizziness 
was 5 months (range, 1 day to 40 
months) from symptom onset.

Liu D et al. Ann Oncol. 2020;S0923-7534(20)39820 

TRK inhibitors: Dizziness with ataxia



TRK inhibitors: Withdrawal pain

Symptoms were described as full-body ache, muscle pain, 

and/or allodynia, occasionally accompanied by a 

headache

Median time to onset:2 days (range, 1–6 days).

Liu D et al. Ann Oncol. 2020;S0923-7534(20)39820 



Agents approved by the FDA or recommended in clinical guidelines for 
the management of weight gain, dizziness, and pain.

Liu D et al. Ann Oncol. 2020;S0923-7534(20)39820 



NTRK inhibitor: summary

• TRK inhibitors have a unique on-target side-effect profile.

• Weight gain, dizziness/ataxia, and paresthesias should be monitored on therapy.

• In addition, withdrawal pain can occur in patients who temporarily or permanently discontinue 
treatment.

• These side-effects are manageable with pharmacologic intervention and/or dose modification.
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sunha20@knu.ac.kr


