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KRAS MUTATIONS IN NSCLC



Moore A et al Nat Rev 2020;; 19(8):533-552.Judd J et al. Mol Cancer Ther2021;20:2577–84; Arbour KC, et al. Clin Cancer Res 2021; 27(8):2209-2215; Tan & Tan J Clin Oncol 2022; SisoudiyaNPJ Precis Oncol 2024

KRAS G12C Mutated Lung Cancer: Epidemiology



RAS pathway



Patients With KRASG12C Mutated NSCLC 
Treated With SOC Between 2011 and 2019 
Have Poor PFS and OS Outcomes
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*Data from an analysis of the Flatiron Health-Foundation Medicine Clinico-Genomic Database (FH-FMI CGDB). FH-FMI CGDB includes over 400,000 samples from approximately 280 oncology practices in the US and integrates 
broad genomic profiling results with clinical data from electronic health records (EHRs). The analysis identified 7,069 NSCLC patients of which 743 had the KRAS G12C mutation. Patient characteristics, treatment patterns, and 

clinical outcomes were documented for these patients from January 1, 2011, to September 30, 2019.1 1L, first line; 2L, second line; 3L, third line; 4L, fourth line

Spira AI, et al. Lung Cancer. 2021;159:1-9. 

Real-world data obtained between 2011 and 2019 (prior to the approval of KRASG12C inhibitors) suggest that PFS and OS rates are 
poor for patients with KRASG12C–mutated NSCLC



Timeline of KRAS discovery

1.J Hematol Oncol. 2022 Oct 25;15(1):152.; 2. https://www.fda.gov/; 3. https://www.nmpa.gov.cn/; 4. Ostrem JM, et al. 2013. Nature; 503:543-551



Multiple approaches to target KRAS G12C mutations

Judd, Mol Cancer Ther 2021; 2. Ostrem et al, Nature 2013 Cancer Cell. 2024 Mar 11;42(3):338-357; 2. Christensen JG, et al. J Intern Med. 2020



KRAS  inhibitors

Singhal A et al Nature Med 2024;30:969-983; OstremJ et al Nature 2013



CodeBreaK 200
Phase 3 Study Design

de Langen AJ, et al. Lancet. 2023;401:733-746.

Enrollment period: June 4, 2020 to April 26, 2021; protocol amendment: February 15, 2021; data cutoff: August 2, 2022.

Per regulatory feedback following the observed clinical benefits of sotorasib in the CodeBreaK 100 phase 2 trial:

• The protocol was amended to reduce planned enrollment from 650 to ~330 patients, to maximize the number of patients exposed to sotorasib

• Crossover from docetaxel to sotorasib was permitted upon disease progression

Key Eligibility Criteria

• Locally 

advanced/unresectable or 

metastatic KRAS G12C-

mutated NSCLC

• ≥ 1 prior treatment including 

platinum-based chemotherapy 

and checkpoint inhibitor*

• No active brain metastases

• ECOG performance status ≤ 1

Primary Endpoint: 

• PFS by BICR

Key Secondary Endpoints: 

• Efficacy (OS†, ORR, DOR, TTR, 

DCR)

• Safety/tolerability

• PRO

ITT population analysis included 

all randomized patients
Stratified by:

• Prior lines of therapy (1 vs 2 vs > 2)
• Race (Asian vs non-Asian)

• History of CNS involvement (yes vs no)

Docetaxel

75 mg/m2 IV Q3W

N = 174

Sotorasib

960 mg orally daily

N = 171             

Randomization

1:1

N = 345

NCT04303780; EudraCT: 2019-003582-18.*Treatment with chemotherapy and checkpoint inhibitor could be concurrent or sequential; patients with medical contraindication to these therapies could be included with approval. 
†Analysis of OS planned if PFS was found to be statistically significant and when at least 198 OS events have been reached. BICR, blinded independent central review; CNS, central nervous system; DCR, disease control rate; 

DOR, duration of response; ECOG, Eastern Cooperative Oncology Group; ITT, intent to treat; KRAS, Kirsten rat sarcoma viral oncogene homolog; NSCLC, non-small cell lung cancer; ORR, objective response rate; OS, overall 

survival; PFS, progression-free survival; PK, pharmacokinetics; PRO, patient-reported outcomes; Q3W, every 3 weeks; TTR, time to response.



CodeBreaK 200 Primary Endpoint 
PFS by BICR

de Langen AJ, et al. Lancet. 2023;401:733-746.

171 139 93 63 56 38 30 24 14 6 2 1 0

174 93 62 36 20 10 7 5 3 1 1 0
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Median study follow-up: 17.7 months

*PFS rates estimated using Kaplan-Meier method; ITT population. †HR and 95% CIs estimated using a stratified Cox proportional hazards model. ‡P-value calculated using a stratified log-rank test.  
§Medians estimated using Kaplan-Meier method; 95% CIs estimated using the method by Klein and Moeschberger with log-log transformation. BICR, blinded independent central review; HR, hazard ratio; IV, intravenous; PFS, progression-free survival; Q3W, every 3 weeks

Sotorasib 960 mg
oral daily (N = 171)

Docetaxel 75 mg/m2

IV Q3W (N = 174)

HR (95% CI)† 0.66 (0.51, 0.86)

P-value (1-sided)‡ P = 0.0017

Median PFS, months (95% CI)§ 5.6 (4.3, 7.8) 4.5 (3.0, 5.7)

Codebreak 200 met its primary endpoint with sotorasib demonstrating superior PFS over docetaxel
(HR 0.66, p = 0.0017); 12-month PFS rate was 24.8% for sotorasib and 10.1% for docetaxel

HR 0.66



CodeBreaK 200
PFS Across Subgroups and Overall Response

Response rate was significantly higher with sotorasib versus docetaxel (p < 0.001)
de Langen AJ, et al. Lancet. 2023;401:733-746.

28% 13% 



CodeBreaK 200
OS: Sotorasib versus Docetaxel*

Categories

Sotorasib
(N = 171)

n (%)

Docetaxel
(N = 174)

n (%)

Any subsequent 
anti-cancer therapy 
including crossover

62 (36.3) 73 (42.0)

Chemotherapy 36 (21.1) 21 (12.1)

KRASG12C inhibitor 6 (3.5) 59 (33.9)

Immunotherapy 16 (9.4) 10 (5.7)

Checkpoint 
inhibitor

14 (8.2) 10 (5.7)

Other 25 (14.6) 18 (10.3)

List of Subsequent Anti-cancer Treatment

*OS rates estimated using Kaplan-Meier method; ITT population. †HR and 95% CIs estimated using a stratified Cox proportional hazards model. ‡ P-value calculated using a stratified log-rank 
test.  §Medians estimated using Kaplan-Meier method; 95% CIs estimated using the method by Klein and Moeschberger with log-log transformation. **Patients (16.4% in sotorasib arm, 5.2% in 

docetaxel arm) were treated beyond progression.
CI, confidence interval; ITT, intent to treat; IV, intravenous; KRAS, Kirsten rat sarcoma viral oncogene homolog; HR, hazard ratio; OS, overall survival; Q3W, every 3 weeks.

Overall survival was not different between the treatment groups; however, the study was not powered to detect a survival bene fit and crossover from 
docetaxel at disease progression to sotorasib was permitted

171 162 137 119 98 81 73 66 56 25 15 3 0
174 135 115 103 90 81 65 61 44 20 7 4 1 0
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Sotorasib 960 mg 
oral daily (N = 171)

Docetaxel 75 mg/m2 IV 
Q3W (N = 174)

Deaths, n (%) 109 (63.7) 94 (54.0)

HR (95% CI)† 1.01 (0.77, 1.33)

P-value (1-sided)‡ P = 0.53

Median OS, months 
(95% CI)§ 10.6 (8.9, 14.0) 11.3 (9.0, 14.9)

de Langen AJ, et al. Lancet. 2023;401:733-746.



Sotorasib 960 mg oral daily
(N = 169)

Docetaxel 75 mg/m2 IV Q3W
(N = 151)

Any Grade, n (%) Grade ≥ 3, n (%) Any Grade, n (%) Grade ≥ 3, n (%)

TRAEs 119 (70) 56 (33) 130 (86) 61 (40)

Diarrhea 57 (34) 20 (12) 28 (19) 3 (2)

Fatigue 11 (7) 1 (1) 38 (25) 9 (6)

Alopecia 2 (1) 0 31 (21) 0

Nausea 24 (14) 2 (1) 30 (20) 1 (1)

Anemia 5 (3) 1 (1) 27 (18) 5 (3)

ALT increased 17 (10) 13 (8) 0 0 

AST increased 17 (10) 9 (5) 0 0 

Neutropenia 2 (1) 0 20 (13) 18 (12)

Febrile neutropenia 0 0 8 (5) 8 (5)

CodeBreaK 200
Most Common TRAEs*

Most common grade ≥ 3 TRAEs with sotorasib were diarrhea and elevated liver enzymes, and with docetaxel were neutropenia, fatigue, and 
febrile neutropenia

*Incidence per arm: any grade TRAE > 15%; grade ≥ 3 TRAEs > 5%.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; IV, intravenous; TRAE, treatment-related adverse event as per investigator.

de Langen AJ, et al. Lancet. 2023;401:733-746.



CodeBreaK 200: Retrospective, Exploratory CNS Analysis 
CNS PFS and Intracranial Response in Patients With CNS Lesions at Baseline

Median time to CNS progression or all-cause death 
was longer in patients treated with sotorasib 

compared to docetaxel

1. Dingemans AC, et al. Poster presented at: American Society of Clinical Oncology; June 2-6, 2023; Chicago, IL. Poster #LBA9016. 2. de Langen AJ, et al. Lancet. 2023; 401: 733-746.

Sotorasib

n = 18

Docetaxel

n = 13

Confirmed Objective Response, n 

(%)
6 (33.3) 2 (15.4)

 CR 1 (5.6) 1 (7.7)

 PR 5 (27.8) 1 (7.7)

Stable disease, n (%) 9 (50.0) 9 (69.2)

PD, n (%) 1 (5.6) 2 (15.4)

Not evaluable/Not done†, n (%) 2 (11.2) 0

Disease control, n (%) 15 (83.3) 11 (84.6)

Unconfirmed and confirmed ORR, n 

(%)
9 (50.0) 2 (15.4)

ORR was higher with sotorasib (33.3%) vs docetaxel (15.4%)



Mok T,  et al. ASCO 2024

KRYSTAL 12
Study design



Mok T,  et al. ASCO 2024

KRYSTAL 12
PFS and PFS subgroup analysis per BIRC

HR 0.58



Mok T,  et al. ASCO 2024

KRYSTAL 12
Tumor response and Intracranial response per BIRC

Barlesi F,  et al. ESMO 2024

32% vs 9% 24% vs 11%



Barlesi F,  et al. ESMO 2024

KRYSTAL 12
Safety Summary

HR 0.60



Mok T,  et al. ASCO 2024

KRYSTAL 12
Safety Summary



Can the promising response confirm superiority over the
current SOC (docetaxel) in Phase III studies?

1. Lancet 2023; 401: 733–46; 2.Tony Mok, et al. 2024 ASCO # LBA8509



Sacher A, et al WCLC 2024, OA14.06

New KRAS G12C inhibitors

NCT05132075; NCT03178552; Gadgeelet al WCLC 2024 

55%



New KRAS G12C inhibitors

Li Z, et al WCLC 2024, OA14.03
Zhou Q, et al WCLC 2024, OA14.05

52%



Data Summary of single agent KRAS G12C inhibitors in 2L+ NSCLC

1. N Engl J Med 2021;384:2371-81 ; 2. Lancet 2023; 401: 733–46 ; 3. N Engl J Med 2022;387:120-31; 4. 2024ASCO LBA8509; 5.2024WCLC OA14.03; 6.2024 WCLC OA14.05; 7.2024 WCLC OA14.06; 8.2023ASCO 9007 
9.2024ASCO #468214;10.2024ASCO #3007



Phase 1/2 study of D3S-001, a second generation
KRAS G12C inhibitor in advanced or metastatic solid

tumors with KRAS G12C mutations

Chul Cho B et al, ESMO 2024



Nat Rev Drug Discov. 2020 Aug; 19(8): 533–552.Cancer Discov. 2015 Aug;5(8):860-77. Clin Cancer Res. 2018 Jan 15;24(2):334-340；Elkrief ef àl. Oncologist. 2017; Negrao et al. Cancer
Discov. 2023; Anupriya Singhal et al, Nature, 2024

Current challenges in KRASG12C management



1. 2022AACR.CT008; 2. JCO 41, 9008-9008(2023).

Biomarker of CodeBreak 100 and 200: PD-L1 and comutation



KRASG12C tumors develop fast resistance

Targeting mechanisms of resistance



Identification of combination approaches for the use osf
KRASG12C inhibitors



Oncogenic KRAS modulates the immune TME



2022 ASCO 9001

Augment G12C inhibitor-Optimal combination



How To Differentiate KRAS From Other 
Oncogenic Drivers In NSCLC

Mhanna L, et al. Curr Treat Options Oncol 2019;20:60.

KEAP1, kelch-like ECH-associated protein 1; STK11, serine/threonine kinase 11; TP53, tumour protein 53



Molina-Arcas and Downward, Cancer Cell 2024

KRASG12C inhibitios reverse immune 
suppression and change the immune TME



KRASG12C inhibitors combine with anti-PD1



1. Li B et al, WCLC 2022 OA03.06. 2. Garassino MC, et al. Presented at ESMO 2023

KRASG12C inhibitors and Immunotherapy



1Heist RS et al. Presented at ASCO Annual Meeting 2024. 2Burns TF et al. Presented at ASCO Annual Meeting 2024. Fujiwara Y, WCLC 2024; OA14.04

Data Summary of KRAS G12Ci + immunotherapy



Data Summary of KRAS G12Ci + immunotherapy

1. 2023ESMO LBA65; 2.2022WCLC OA03.06; 3. 2024WCLC OA14.06; 4. 2024ASCO #195; 5 2024WCLC OA14.04



Miriam Molina-Arcas, et al. Cancer cell, 2024

Potential Immunotherapy approaches to target KRASm tumors



Sotorasib + Chemotherapy

Li BT,  et al. ASCO 2024



1. 2024 ASCO 8512; 2. Shinya Sakata, et al. ASCO Abstract#9006

Sotorasib + Chemotherapy



Barlesi F et al. ASCO 2024

CodeBreak 202
Sotorasib + Chemo vs Pembro + Chemo in PD-L1 <1%





1. Rona Yaeger,，2024ASCO abs #128; 2. Mol Cancer Ther (2021) 20 (12_Supplement): P05-02. 3. Ryan 
MB, et al. Cell Rep 2022; 4. 2024 ASCO LBA8511

KRAS inhibitors and EGFR inhibitors



*Frontline NSCLC, ≤2line of prior treatment, KRAS inhibitor naive; 1. G.Falchook, et al. 2022 WCLC, OA03.03; 2. Jun Zhao, et al. 2024 ASCO; 3. Marcelo V Negrao, et al. 2023 WCLC MA06.03

KRAS inhibitors and SHP2 inhibitors





Tri-Complex inhibitors (ON)



KRASG12C  treatment in 2024

• Unmet needs: bad prognosis, high tumor burden, brain mets
• Chemo + IO: similar Benefit tan KRASWT
• Druggable disease: sotorasib and adagrasib

2L: OR: 40%, PFS 6 m, active in brains mets
• Fast resistance: tumor intrinsic mechanisms and microenviroment resistance
• Improving treatment option

Combos: IO, Chemo, Chemo + IO
New IO? Vaccines?

• Alternative targets: EGFR, SHP2, SOS, YAP
• New agents: 2nd gen, Tri-Complex



KRAS should be determined at diagnosis for all mNSCLC patients

PD-L1 NTRK ALK ROS1 RET
MetE
x 14

EGFR KRAS BRAF

IHC

FISH

PCR

NGS

Adenocarcinoma

Non-smoker, 
light smoker

or < 50 years old

Squamous Cell 
Carcinoma

SEAP-SEOM Guidelines On Testing Predictive Biomarkers In Non-small-cell Lung Cancer

ALK anaplastic lymphoma kinase, BRAF B-Raf proto-oncogene, EGFR epidermal growth factor receptor, FISH fluorescence in situ hybridisation, IHC immunohistochemistry, KRAS kirsten rat sarcoma virus, MetEx 14 
mesenchymal epithelial transition factor exón 14, NGS next-generation sequencing, NSCLC non-small cell lung cancer, NTRK neurotrophic tyrosine receptor kinase, PCR polymerase chain reaction, PD-L1 

programmed death ligand-1, ROS1 c-ros oncogene 1, RET rearranged during transfection

Isla D, et al. Rev Esp Patol. 2023;56(2):97-112.

KRAS should be included in NGS panels



GRACIAS

javier.decastro@salud.madrid.org

@javierdecastrodr
@javierDcastro
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