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• KRAS proteins have a structurally smooth surface

• Extremely high GTP-binding affinity

• Continuously regenerate every 24-48 hours

• Complexity and heterogeneity of the signaling pathway

KRAS for “Undruggable” to “real target”

1. Ghimessy A, et al. Cancer Metastasis Rev. 2020. 2. Liu P, et al. Acta Pharmaceutica Sinica B. 2019. 3. Punekar SR, et al. Nat Rev Clin Oncol. 2022. 4. Shukla S, et al. Neoplasia. 2014. 5. Hallin J, 
et al. Cancer Discov. 2020.
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Discovery of the Switch II 

Binding Pocket



Addapted from Lito P. Science 2016

ONOFF

GEF (Guanine nucleotide exchange factor)
(SOS1, SOS2, GBR2, SHC1-4, RasGRP1-4, RaspGEF1-2, RASGRF1-2)

Exchange

GAP (GTPase activating protein)
(RASA1-3, RASAL1-3, DAB2IP, NF1, SPRED1-3, SYNGAP1)

KRAS structure and function
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KRAS targeting

Uprety D. et al. Can Treat Rev 202; Punekar SR. Nat Rev Clin Oncol 2022
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SHP2 inhibitors 

• SHP099

• TNO155

• RMC-4630 

• RMC-4550 

• GDC-1971 

• JAB-3068 

• JAB-3312 

• ERAS-601 

SOS1inhibits 

• BI 1701963 

• BI-3406

• RMC-5845 

• BAY-293 

RAS-ON inhibitors

• RM-018 (KRASG12C)

• RMC-6291 (KRASG12C)

• RMC-9805/RM-036  

(KRASG12D)

• MRTX1133 (KRASG12D)

• RMC-8839 (KRASG13C)

• RMC-6236 (RASMULTI)

• JAB-23400 (KRASMULTI)

• BBP-454 (KRASMULTI)

KRAS-off inhibitors 

• Sotorasib (G12C)

 • Adagrasib (G12C) 

• ARS-853 (G12C) 

• ARS-1620 (G12C) 

• D-1553 (G12C) 

• JDQ443 (G12C)

• RG6330/GDC-6036(G12C)

• BI 1823911 (G12C)

• JAB-21822 (G12C)

• LY3537982 (G12C)

• JNJ-74699157 (G12C) 

• MK-1084 (G12C)

• MRTX1133 (G12D)

• JAB-22000 (G12D)

• JAB-23000 (G12V) 

• Trametinib 

• Cobimetinib 

Everolimus 



KRAS in Human Cancer

KRAS is the most frequently mutated RAS 

isoform, comprising 86% of RAS 

mutations across tumor types

G12 Mutations

Liu P, et al. Acta Pharmaceutica Sinica B. 2019;  Hobbs GA, et al. J Cell Sci. 2016; Yang H, et al. Front Oncol. 2019.; Moore et al. Nat Rev Drug Discover 2020



• KRASm in 30% of LC

• More common in western 
populations

• KRAS G12C the most
common (50-60%)

• KRASm type depens on the
smoking history:

• KRAS G12C → smoking 
history

• KRAS G12D → Never
smokers

KRAS in lung cancer

Tan et al. JCO 2022; Yu HA et al. JTO 2015



Unsuccesful attemps to inhibit KRAS

Burns TF, et al JCO 2022



KRAS G12C inhibitors: Sotorasib and Adagrasib
Sotorasib Adagrasib

ORR 37.1%
ORR 42.9%

Skoulidis et al. NEJM 2021;; Janne et al. NEJM 2022; 



KRAS G12C inhibitors: PFS & OS
Sotorasib Adagrasib

Skoulidis et al. NEJM 2021; Janne et al. NEJM 2022

mPFS 6.8 m

mPFS 6.5 m

mOS 12.5 m

mOS 12.5 m



KRAS G12C inhibitors: Safety
Sotorasib Adagrasib

Skoulidis et al. NEJM 2021; Janne et al. AACR 2020; Janne et al. NEJM 2022



Phase III Codebreak 200: Sotorasib vs. docetaxel

Johnson et al. ESMO 2022; de Langen et al. Lancet 2023

Progression-Free Survival

CodeBreak 200 met its primary endpoint 

with sotorasib demonstrating superior 

PFS over docetaxel (HR 0.66, p = 

0.002); 12-months PFS rate was 24.8% 

for sotorasib and 10.1% for docetaxel



• 424 NSCLC treated with sotorasib (83%) or

adagrasib

• TP53 was the most common co-mutated

gen. No association with clincial outcome

• KEAP1, SMARCA4 and CDKN2A associated

with early progression

• STK11 (without KEAP1, SMARCA4 and 

CDKN2A) not associated with ORR, PFS or

OS

Primary resistance to KRAS G12C inhibitors

Negrao et al. Cancer Discovery 2023



KRYSTAL 1: Impact of co-mutations in patientes treated with Adagrasib

Janne et al. NEJM 2022;Gadgeel et al. WCLC 2023



Adquired resistance to KRAS G12C inhibitors

Award et al. NEJM 2021; Zhao et al. Nature 2021

Adagrasib Sotoraxib



• More potent agents

• Combination therapies

• Agents with different mechanism of action

How to improve the treatment efficacy in KRAS G12C patients?



Other KRAS G12C inhibitors. Preliminary efficacy



Combining KRAS G12C inhibitos with ICIs

Li et al. WCLC 2022; Janne et al ESMO IO 2022

ORR 29%

DCR 83%

ORR 49%

DCR 89%



Combining KRAS G12C inhibitos with ICIs Toxicity

Li et al. WCLC 2022; Janne et al ESMO IO 2022

Combination of KRAS G12C 

inhibitors and ICIs increases the risk 

of hepatotoxicity



Combining KRAS G12C inhibitors with ICIs. KRYSTAL 07

Garasino et al ESMO  2023

ORR in patients with PD-L1 ⋝ 50%

PFS in patients with PD-L1 ⋝ 50%

Liver treatment-related AEs

<10%

No cause of discontinuation

Time to resolution 22 days

24 (16%) increasing AST/ALT ⋝3 

ORR 63%

DCR 84%



Sequencing KRAS G12C inhibitos with ICIs. Toxicity

Chour et al. Ann Oncol 2022; 33 (suppp 2): S49-50

ICI within prior 90 days

102 patients enrolled in the French EAP. 48 pts treated with sotorasib after ICI



Other combinations

• SOS1 plays a role in the activation of KRAS 
through the exchange from GDP-bound to  GTP-
bound.

• SHP2 acts synergistically with SOS1 and 
promotes KRAS activation

• MEK, ERK1 and ERK2 are downstream of KRAS 
and inhibiting them can eliminate residual 
signaling

• EGFR: KRAS G12C inhibition can lead to 
activation of upstream EGFR and HER2 signaling

Uprety et al. Cancer treat Rev 2020



Sororasib + trametininb

Ramlingam et al. AACR 2021

Diarrhea 43%

Rash 34%

Nausea 29%

In previously NSCLC patients treated with 

KRAS G12C inhibitor 2 of 3 (67%) 

achieved disease control

Sotorasib + afatinib

Diarrhea 70%

Rash 27%

Nausea 21%

Patients receiving previous KRAS inhibitor: 3 SD, 1 PD

Gandara et al. AACR 2021



KRAS G12C ihnibitor + SHP2 inhibitor
Sotorasib + RMC-4630

At the 2 higher doses, responders 

included 3 of 4 patients who were 

KRASi naïve

Edema 30%

Diarrhea 26%

Falchook et al. WCLC 2022

Glecirasib + JAB-3312

ORR NSCLC KAS G12C

ORR 62.1%

1L  65.5% ; >1 L 55.2%

DCR 100%

Dosis 800 mg + 2 mg ORR 86.7%

Wang et al. ESMO 2023



RAS on inhibitors
Estudio fase 1

RMC-6236 10-600 mg QD

NSCLC

Arbour et al. ESMO 2023



RMC-6236

KRAS G12X NSCLC patients

Median time to response 1.4 m

Median time on treatment 3.1 m

Arbour et al. ESMO 2023



HRA-4642 KRAS G12D inhibitor

N =18Phase 1 study
Safety

Eficacy

Zhou et al. ESMO 2023



• Long way for “undruggagle” to “real target”

• Current KRAS G12C inhibitors are clinically effective in KRAS G12C patients

• KRAS NSCLC is a molecular diverse and clinically heterogeneous

• Multiple new agents in development

• KRAS ”ON” inhibitors with efficacy in G12X

• Understanding resistance mechinism to improve the efficacy

• Developing combinations

• New inhibitors for non G12C mutations

Conclusions



Muchas Gracias
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