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Development of covalent KRASG12C inhibitors: a breakthrough
 in targeted cancer therapy

Ostrem et al., Nature, 2013  Kim D et al., Cell, 
2020 

Skoulidis F et al. N Engl J Med 2021 Jun 24;384(25):2371-2381Canon J et al., Nature, 2019

A. B. 

D. C. 



ORR 37.1%, DCR 80.6%, mDoR 11.1m, mPFS 6.8m, mOS 12.5m

ORR 42.9%, DCR 80%, mDoR 8.5m, mPFS 6.5m, mOS 12.6m

A. 

B. Adagrasib (MRTX849)

Sotorasib (AMG 510)

Skoulidis F et al. N Engl J Med 2021 Jun 24;384(25):2371-2381

Awad MM et al. N Engl J Med 2021 Jun24;384(25):2382-2393

Awad MM et al. N Engl J Med 2021 Jun24;384(25):2382-2393

FDA approved in May 2021

FDA approved in December 2022

Covalent KRASG12C inhibitors: a breakthrough in targeted cancer therapy

Jӓnne PA al. N Engl J Med 2022 Jul 14;387(2):120-131 (Epub 2022 June 3)



CodeBreaK200 : Phase III RCT of sotorasib vs docetaxel in previously 
treated advanced KRASG12C-mutant NSCLC 



Other off state-selective KRASG12C inhibitors in clinical development 



• 0.8% G4 TRAEs (pneumonitis and dyspnea). No G5 TRAEs
• Dose modification due to TRAEs in 22.2%
• Treatment discontinuation due to TRAEs in 7.1%

Treatment-related adverse events

Skoulidis F et al., ASCO 2021

•  2 G5 TRAEs (cardiac failure, pulmonary hemorrhage)
• Dose reduction due to TRAEs in 52% and interruption in 

61%
• Treatment discontinuation due to TRAEs in 7% Spira A et al., ASCO 2022

Sotorasib (CodeBreaK100) Adagrasib (KRYSTAL-1)

• Hepatotoxicity
• Interstitial Lung Disease/Pneumonitis

Warnings and PrecautionsWarnings and Precautions

• GI adverse reactions
• QTc Interval Prolongation
• Hepatotoxicity 
• Interstitial Lung Disease/Pneumonitis



Intracranial activity of sotorasib in KRASG12C-mutant NSCLC with 
stable brain metastases (CodeBreaK100)



Median IC DOR NR (95% CI, 4.1-NE)
Median IC PFS 4.2 m (95% CI, 3.8-NE)
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Spira A et al., ASCO 2022

Sabari J et al., ASCO 2022

Intracranial activity of adagrasib in KRASG12C-mutant NSCLC

Jӓnne PA al. N Engl J Med 2022 

Median IC DOR 11.2m (95% CI, 3.0-NE)
Median IC PFS 5.4 m (95% CI, 3.3-11.6)



0.1 1

Number of Patients Hazard Ratio 
(95% CI)Sotorasib Docetaxel

ERBB2
Altered 13 13 1.02 (0.40, 2.59)
Wild-type 151 141 0.67 (0.50, 0.88)

RET
Altered 10 11 0.49 (0.16, 1.52)
Wild-type 154 143 0.68 (0.52, 0.90)

ROS1
Altered 12 5 –
Wild-type 152 149 0.68 (0.52, 0.89)

NTRK1, 2, 3
Altered 35 18 0.59 (0.29, 1.20)
Wild-type 129 136 0.66 (0.49, 0.88)

KRAS, NRAS
Altered 11 17 0.62 (0.21, 1.82)
Wild-type 153 137 0.67 (0.50, 0.89)

PIK3CA
Altered 16 14 0.88 (0.35, 2.21)
Wild-type 148 140 0.64 (0.49, 0.85)

9In the randomized Phase III CodeBreaK 200 trial, Sotorasib Retained 
PFS Benefit Versus Docetaxel Across Key Co-alteration Subgroups*

Sotorasib Better Docetaxel Better

Number of Patients Hazard Ratio
(95% CI)Sotorasib Docetaxel

All patients 164 154 0.68 (0.52, 0.88)
TP53

Altered 89 92 0.83 (0.58, 1.18)
Wild-
type

75 62 0.48 (0.30, 0.75)

STK11
Altered 60 60 0.68 (0.45, 1.05)
Wild-
type

104 94 0.65 (0.46, 0.92)

KEAP1
Altered 46 36 0.84 (0.48, 1.47)
Wild-
type

118 118 0.62 (0.45, 0.84)

EGFR
Altered 31 35 0.86 (0.47, 1.58)
Wild-
type

133 119 0.63 (0.46, 0.86)

BRAF
Altered 7 9 –
Wild-
type

157 145 0.63 (0.48, 0.83)

ALK
Altered 19 15 0.72 (0.33, 1.57)
Wild-
type

145 139 0.70 (0.53, 0.93)

MET
Altered 18 21 0.52 (0.21, 1.29)
Wild-
type

146 133 0.73 (0.55, 0.97)
Additionally, sotorasib retained ORR benefit versus docetaxel independent of key co-alteration subgroups*

Analyses was performed for subgroups with n ≥ 10 patients per treatment arm; – indicates no analysis performed for this subgroup.
*Alterations include any somatic SNV, insertion or deletion, or CNV alterations and are not just actionable alterations. 

Sotorasib Better Docetaxel Better

0.1 1
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KRAS Co-alterations Were Potentially Associated with 
Primary Resistance Irrespective of Treatment

Sotorasib
(n = 164)

Docetaxel
(n = 154)

Treatment Difference
(P-value)

KRAS co-alteration*, n (%) 9 (5) 17 (11)

ORR†, n (%) 0 0 –

Median PFS (95% CI)† 1.8 (0.8, 3.0) 2.5 (1.4, 3.1) 0.016‡

HR (95% CI)‡ 1.74 (0.84, 3.58)

• No response observed in patients with additional KRAS co-alterations in either treatment arm
• Outcomes align with preclinical data suggesting some non-G12C KRAS alterations mediate sotorasib 

resistance8

Ferdinandos Skoulidis, MD, PhD

CNV KRAS gain§: n = 20

SNV KRAS M72K: n = 1
SNV KRAS Q61H: n = 1

SNV KRAS R164Q: n = 1
SNV KRAS R68S: n = 1

SNV KRAS T2S: n = 2

SNV KRAS G12V: n = 1
SNV KRAS G12D: n = 1

*Excluding G12C.
†Medians were estimated using the Kaplan-Meier method. 95% CIs were estimated using the method by Klein and Moeschberger with log-log transformation.
‡Hazard ratios, 95% CIs, and P-values were estimated using a stratified Cox proportional hazards model with treatment, stratification factors, and co-alterations as covariates and treatment by co-alteration interaction. A hazard 
ratio <1.0 indicates a lower average event rate and a longer PFS for sotorasib versus docetaxel.
§Limit of detection for CNV was >2, all KRAS CNV were copy number gains.
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In a Limited Data Set, NOTCH1m Had an Early Progression 
Signal With Sotorasib That Warrants Further Exploration

Sotorasib Docetaxel

+ +

++ ++
+

+ +

+

+

Log rank P-value = 0.056
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0 5 10 15 20

Time

Number at Risk:

Median PFS, months 
(95% CI)

Sotorasib 2.8 (1.6 – 3.4)

Docetaxel 7.5 (3.0 – NE)

Long-term benefit defined as ≥ 6 months PFS; early progression defined as < 3 months PFS with no clinical responders (no complete/partial responders).
Left-hand figure includes patients with NOTCH1 mutation or wild-type who were classified as having early progression or long-term benefit. Right-hand figure includes all biomarker-evaluable patients with NOTCH1 
mutation.
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(n = 40)

NOTCH1 Mutation Status

Early Progression
Long-term Benefit

42%
(n = 29)

22%
(n = 2)

78%
(n = 7)

33%
(n = 16)

67%
(n = 33)

75%
(n = 6)

25%
(n = 2)



Barriers to the efficacy of OFF state-selective KRAS G12Ci : 
acquired resistance



KRASG12C inhibitor phase IB/II combination protocols



Addition of cetuximab significantly increases the ORR to adagrasib 
          in previously treated KRASG12C-mutated metastatic CRC 



Desai J et al., AACR Annual Meeting 2023

GDC-6036 + cetuximab in advanced CRC 
A. B. 

C. 



Efficacy, treatment duration and safety of LY3537982 in 
combination with cetuximab in CRC (Cohort C2) 

Murciano-Goroff YR et al., AACR Annual Meeting 2023 

A. B. 



Sotorasib and RMC-4630 (SHP2i) combination shows preliminary 
             activity in KRASG12C inhibitor-naïve NSCLC patients



Li B et al., WCLC 2022

A. B.

C. D.

Sotorasib in combination with pembrolizumab or atezolizumab in 
         advanced KRASG12C-mutant NSCLC : CodeBreak 100/101

ORR 29% (95% CI: 18,43)
DCR 83% (95% CI: 71,91)
mDoR 17.9 months



A. B.

C. D.

Jӓnne PA et al., ESMO Immuno-Oncology, 2022

*Excludes 14 pts on study for <6 weeks (no post-baseline scan)
   and 8 pts that discontinued prior to first scan.  

Adagrasib in combination with pembrolizumab in treatment-naïve   
            KRASG12C-mutated NSCLC : KRYSTAL-7 phase 2 trial  



Murciano-Goroff YR et al., AACR Annual Meeting 2023 

Efficacy, treatment duration and safety of LY3537982 in 
combination with pembrolizumab in NSCLC (Cohort B4) 

A. B. 



Punekar SR et al., Nat Rev Clin Oncol 2022

Emerging novel approaches to target KRAS-mutant tumors



RAS(ON) Tri-complex inhibitors  
KRASG12C (ON)

RASMULTI (ON)

Nichols RJ, AACR Annual Meeting, 2022

Singh, AACR Annual Meeting, 2022

Other RAS Mutant (ON) inhibitors

Holderfield M, AACR Annual Meeting, 2022

Phase 1/1b Multicenter Open-Label Study of RMC-6236 in Subjects With Advanced Solid Tumors 
                                   Harboring Specific Mutations in KRAS (NCT05379985)

A. B.

C. D.



EDC data as of 02/17/2023
CMQ = Customized MedDRA Query
*Consists of dermatitis acneiform, dermatitis psoriasiform, palmar-plantar erythrodysesthesia syndrome, rash maculo-papular, and rash pustular.

One related grade 4 adverse event of bowel perforation (also considered a serious adverse event) was reported in a patient receiving 80 mg daily. 
The likely cause of the perforation was considered to be shrinkage of metastatic KRASG12V pancreatic cancer at the site of full-thickness bowel infiltration.

RMC-6236-001 Phase 1/1b Trial : Treatment-Related AEs Occurring
                                      in ≥ 10% of All Patients
 



Slide courtesy of Revolution Medicines

EDC data as of 02/17/2023; efficacy evaluable patients defined as those in this data set with at least one post baseline response assessment or who have died or have experienced clinical 
progression prior to the first post baseline scan (n=12). Cycle time is 21 days.  SD = stable disease, PR = partial response. NSCLC = non-small cell lung cancer; PDAC = pancreatic ductal 
adenocarcinoma. 
*PR unconfirmed as of 02/17/2023.

RMC-6236-001: Change in Tumor Burden from Patients with KRASG12X 
                  NSCLC or Pancreatic Cancer Treated at ≥ 40 mg Daily 



McCormick F, AACR Annual Meeting 2023

BBO-8520: a dual state selective covalent inhibitor of KRASG12C that 
traps KRAS GTP in the non-productive State 1 configuration 

A. B. 



LC-2 PROteolysis TArgeting Chimera
                      (PROTAC)

Lim S, ACS Cent Sci, 2021Bond MJ, ACS Cent Sci, 2020

Anti-RAS Biodegraders

RAS degraders



Moving KRASG12C inhibitors to early-stage, surgically resectable 
NSCLC



HER2 mutations  



ERBB2 mutations occur in a variety of cancer types

Robichaux et al. Cancer cell 2019



ERBB2 mutation hotspots in NSCLC 

Robichaux et al. Cancer cell 2019



Potency of TKIs in Ba/F3 cells expressing HER2 mutations 

Robichaux et al. Cancer cell 2019



Pyrotinib in HER2 mutations 

Zhou  J Clin Oncol 2020



Trastuzumab Dertuxtecan in HER2 mutant NSCLC

ORR 55%
DoR 9.3

Li et al. NEJM 2021



Trastuzumab Dertuxtecan in HER2 mutant NSCLC

Li et al. NEJM 2021



Robichaux et al. Cancer cell 2019


