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Based on: Ebright, Dilly, Shaw and Aguirre. Cancer Discov, July 2025

Other reviews: Molina-Arcas, Downward. Cancer Cell, March 2024; Singhal, Li, O’Reilly. Nature Medicine, April 2024

                               Perurena, Situ, Cichowski. Nature Reviews Cancer, May 2024

Primary Resistance

Co-occurring baseline mutational patterns:

 KRAS/LKB1, KEAP1, SMARCA4 and CDKN2A, TP53.

Acquired Resistance 

➢ Multiple treatment-emergent mutations in CRC patients (Riedl et al. Ann Oncol 2025)

➢ Other KRAS mutations (R68S, H95D/Q/R and Y96C, prevents drug binding) or KRAS amplification 

➢ RTK-RAS-MAPK activation (MAP2K1, NRAS); RTK amplification (EGFR,ERBB2, FGFR2, MET and NRTK1)

➢ IRE1𝛼, MYC amplification, EMT & histological transformation

➢ YAP/TAZ/TEAD signaling

➢ Claudin-18.2 (CLDN18.2 in the PDAC mouse model [zolbetuximab,CMG901]

     (Dilly et al. Cancer Discov, 2024; Nakayama et al. Nat Rev Clin Oncol 2024)

➢ MUC1 is upregulated by sotorasib & RMC-7977 in KRASG12C NSCLC, and by MRTX1133 in KRASG12D PDAC
     (Araujo et al. Cancer Discov, 2024; Ozawa et al. CCR 2025)

➢ MUC1-HIF-1𝛼-spermidine/spermine N1-acetyltransferase 1 (SAT1) (Murthy et al. PNAS 2024)

Conundrum – combinatory therapies (MOAs)- Preclinical studies  (Rosell et al. Critical Reviews in Oncology/Hematology 2024;

                      Tanaka & Ebi. Cancer Science 2025)

Skoulidis, Schuler. Nature Medicine, August 2025

KP, KL and KC subtypes

 KP- TP53 and ‘hot’ T cell-inflamed TME with high PD-L1
 [PFS 7.75 mo vs 7.16 mo, sotorasib vs docetaxel]

 KL- STK11, a ‘cold’ CD8-positive T cell-depleted TME with low PD-L1, KEAP1, elevated nuclear factor erythroid 2-related factor 2 (NRF2)

 KC- Low TTF1, mucinous, NRF2  and CDKN2A/CDKN2B.

Infiltrated-inflammed 

Infiltrated-excluded  



• Early adaptive resistance to KRASG12C compounds is observed in sensitive human KRASG12C lung cancer cell lines.

KRAS cell lines are commonly de novo resistant.

• Solutions through the continuous application of scientific research - a burning need.

Wu et al. Nature, November 2025

Bone metastases related to PRODH2-SLC7A11-IL8 axis (Gong et al. Cancer Res 2025).

• KRAS mutant-NSCLC is often accompanied by brain metastases at diagnosis.

Stearoyl-CoA desaturase 1 (SCD1) is upregulated in microglia in lung-to brain metastases (Chen et al. CDD 2025). IGF2BP3 regulates

SCD1 and FASN. FASN increases in leptomeningeal and brain metastases (Li et al. CDD 2025). Inhibition of SCD1 and CSF1R (pexidartinib) 

(Ozawa et al. Mol Cancer Ther 2025).

Rosell et al. Exp Rev Respir Med 2023

NRF2 activator

[Sotorasib, adagrasib (KEAP1 Cys151)] Baird et al. BJC 2025 



Negrao et al. CCR 2025

Rosell et al. Nature Cancer 2021

Wang et al. iScience 2023

AMG510 modified KEAP1 Cys 288

adagrasib

Bian et al. Oncogene 2022 Skoulidis, Schuler. Nature Medicine 2025

Kelch-like ECH-associated protein 1

Adagrasib inducer of NRF2 (KEAP1 Cys151)



Jason J. Kwon et al. Nature 2022

MIG6 

Daniel Olmo

Rosell et al. Critical Reviews in Oncology/Hematology 2024

Chen et al. Mol Cancer Ther 2023

Kwon & Hahn Mol Cell Biol 2021  

ERRB receptor feedback inhibitor 1 (ERRFI1)



p90 ribosomal protein S6 kinases (RPS6KAs, aka RSKs)

Simanshu, Nissley & McCormick. Cell 2017

Zinc finger DHHC‐type containing palmitoyl S‐acyltransferase ZDHHC7 

Sotorasib induced re-localization of Scrib from the plasma membrane to the cytosol

Hirade et al. (Ebi)

Cell Reports Medicine 2025

Adachi et al. (Ebi). Nat Cancer 2023 Chen et al. Acta Pharmacologica Sinica 2020

KRAS suppression in a KRAS-driven murine 

lung cancer model increases YAP1 signaling 

Zhang et al. Sci Signal 2014

Edwards et al. Cancer Res 2023



KRAS G12C vs KRAS WT
Heatmap for Gene Expression Analysis

Piccolo. Nat Med 2012

Liu et al. Mol Cancer Res 2021

Ana Giménez-Capitán, Elizabeth Martínez 

Clements et al. Oncogene 2021

Cui et al. PNAS 2025

p-value KRAS G12C KRAS WT

VCP1 0.032 Down-regulated Up-regulated

NRAS 0.0025 Down-regulated Up-regulated

ENO1 0.011 Up-regulated Down-regulated

MRAS 0.046 Down-regulated Up-regulated

LIFR 0.044 Down-regulated Up-regulated

KRAS 0.007 Up-regulated Down-regulated

SHOC2 0.011 Down-regulated Up-regulated

Rosell@



Jenny Y. Xue…, Piro Lito. Nature 2020

Richard Y. Ebright et al. Cancer Discov 2025

Simanshu et al. Science 2025 Klebba et al. Science 2025



Gregorc et al. ASCO 2024 A 74-year-old woman with KRAS G12C LUAD with lung and 
brain metastases. July 4, 2023, starts KROCUS trial treatment 
PFS: 22 months +

Courtesy of Dr. Andrés Aguilar 

Majem et al. March 27,  ELCC 2025
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Matthew P. Patricelli et al. Cancer Discov 2019

Manuscript under review

Four other proteins (RTN4, HMOX2, VDAC2, and 

RTN3) were found to be modified by GFH925

Cysteine Profiling of GFH925 in the NCI-H358

Jiang et al. J Med Chem, 2025



KRASG12C-mutant NSCLC (KROCUS trial) Patients (n = 47)

Median age (range) - yr 68 (46, 87)

Female Sex – no (%) 22 (46.8)

Race – no. (%)†

White 45 (95.7)

Not reported 2 (4.3)

Smoking status – no. (%)

Never 2 (4.3)

Former 34 (72.3)

Current 11 (23.4)

ECOG performance-status score – no. (%)‡

0 21 (44.7)

1 26 (55.3)

Histological type – no. (%)

Adenocarcinoma 46 (97.9)

Large cell carcinoma 1 (2.1)

Stage IV disease at screening – no. (%) 45 (95.7)

Site of metastases – no. (%)

Brain 16 (34.0)

Bone 11 (23.4)

Adrenal gland 9 (19.1)

Previous therapy for nonmetastatic disease – no. (%)

Thoracic radiotherapy 4 (8.5)

Neoadjuvant therapy 1 (2.1)

Adjuvant therapy 4 (8.5)

Fulzerasib plus cetuximab in KRASG12C-mutant  NSCLC (KROCUS) 

Vanesa Gregorc, Margarita Majem et al. Under review



TP53 Co-mutation Subgroups 

KEAP1 Co-mutation Subgroups 

STK11 Co-mutation Subgroups 

PFS of fulzerasib plus cetuximab in KRASG12C-mutant  NSCLC (KROCUS) 

ERBB4 Co-mutation Subgroups 

SPAT-1 Co-mutation Subgroups 

LRP1B Co-mutation Subgroups 

Vanesa Gregorc, Margarita Majem et al. Under review Li Ding et al. Nature 2008



Philip Bischoff et al. JTO 2024

Eklund et al. J Exp Clin Cancer Res 2025

Ke et al. Cancer Medicine 2024

Xilin Hu et al. Mol Med 2021

ICI outcomes in LUAD

Thomas et al. Cell Reports 2016 Luo et al. Cell Reports 2025 Xue Wang et al. Cancer Letters 2025Zhou et al. PNAS 2023

PD-L1 UFMylation via UFL1
HDAC2 dependent delactylation of PD-L1 K189 promotes 

vimentin-mediated nuclear translocation of PD-L1. 

Ballesteros-González et al. 

EMBO Mol Med 2025



IRE1𝛼

Lu. Science 2023

Xue. Cell 22024

Luo. CDD 2025

Sen. Cancer Res 2025

Selinexor nEZH2  [cEZH2 degrades DLC1 ]

XPO1

Canon. Nature 2019

Dilly. Cancer Discovery 2024

Skoulidis. Nature Medicine 2025

STK11/KEAP1

medroxyprogesterone 17-

acetate (MTPA) as 

a weak pan-AKR1Ci

[NRF2 regulates AKR1C,

AKR1C2 and AKR1C3]

Wohlhieter. Cell Reports 2020

KRASG12C/TP53mut/PD-L1 >50%

EZH2-NRF2 (nuclear factor erythroid-2 related factor 2)

+/- LRP1B (lipoprotein receptor-related protein 1B)

Bischoff. JTO 2024;  Eklund. Journal of Experimental and Clinical Research 2025

PFS > 33mo

KRASG12C/STK11mut/KEAP1mut

EMT

SCD1-brain metastasesChen. CDD 2025

Schlafen-11 (SLFN11)

Chemotherapy synergy with KRAS inhibitors 

docetaxel    or    carboplatin

ATMmut (16.5%)
Code Break 200

PFS      8.25 mo

vs

sotorasib 4.17 mo

Niemann-Pick c-like 1 (NPC1L1)

fibrinogen-like protein 1 (FGL1)

Wee inhibitors (Adavosertib)

CD47 inhibitors (IBI-188)

Zhou. CDD 2025

Hirade.Cell Reports Medicine 2025

pembrolizumab

KRASG12Ci
(olomorasib)

docetaxel

ebastine

+

+

+

entinostat

VES

Consider also 

repurposing drugs

+

ezetimibe

aspirin
+

NSD2 [nuclear-receptor-binding SET domain containing-2]

Zi. Innovation 2025

SCD1 (stearoyl-CoA desaturase 1)

EZH2     ATOH8     SCD1
(enhancer of zeste homolog 2)

HDAC3

entinostat

Vitamin E succinate

LIFR

LIF

+

NRF2

Zoppoli. PNAS 2012

Singh. PLOS Medicine 2016

Scribble

YAP1 

Antonucci. Nature Cancer 2025

Jeong. Nature 2025

Nilsson et al. JTO, in press



Lv et al. Science 2023

Xu et al. Cell 2024
Rosen et al. Sci Transl Med 2019

fluvoxamine

Song, Zhou & Westover. The Innovation, 2023Jänne et al. ASCO 2025

Lemur tyrosine kinase 2 (LMTK2)

Lun et al. Cancer Letters, 2025Luo et al. CDD 2025



Triple-Negative Breast Cancer

Yamamoto et al. Cancer Res 2024

Mengxin Zhou et al. ESMO Congress, Berlin 2025

Cheng Zhang et al. Sci Transl Med 2023

H358 H23

DeNicola et al. Nat Genet 2015

IDH1WT interacts with and stabilizes PHGDH and fragile X–related protein-1 (FXR1)

Saha et al. Cancer Res 2024

PFK15

Ballesteros-González et al. EMBO Mol Med, 2025



Mengxin Zhou, Jordi Codony-Servat



Jing Liu et al. (Wenyi Wei)  Nat Commun 2023

Hongru Tao et al. Cancer Res 2024 Kitajima, … Barbie. Cancer Discovery 2019 

PRMT1 ablation increases PD-L1 expression



Daniel Olmo et al. ESMO Congress Berlín, 2025

Yi Gao et al. Cell Death Disease 2025

RCC

Gai et al. Cancer Res 2024

Argininosuccinate synthase 1 (ASS1)

c-Myc, HIF-1α, SP4 and p53 activate ASS1 

p53-activates ASS1, an intrinsic AKT repressor (Miyamoto et al. Sci Adv, 2017)



Exploring actionable therapeutic targets

1. HDAC3 mediates T cell exclusion from KRAS mutant NSCLC.
HDAC3 (2) inhibition increases (VEGFA) synergy with bevacizumab, unleashing CD8 + T cell infiltration + anti-PD-1 (MSS CRC)
McGuire et al. PNAS 2023, Eichner et al. Sci Adv 2023, Wang et al. Cancer Discovery 2025, Wang et al. Nat Med 2024.
Bispecific antibody ivonescimab (HARMONi-2) (Xiong et al. Lancet 2025)

2. Low LIFR in KRAS G12C NSCLC. HDAC inhibitors induce LIFR; VES therapy decreases LIF (leukemia inhibitory factor) mRNA decay.
LIFR/LIF opposes YAP1 activation (Chen et al. Nat Med 2012).

EZH2 inhibitors could recover ATOH8 and suppress SCD1. 
EZH2 inhibitor synergistic with chidamide in T-cell lymphoma.
Clements et al. Oncogene 2021, Cui et al. PNAS 2024, Wu et al. CDD 2025.

[Ebastine, tazemetostat] (Li et al. Mol Cancer Ther 2020, Gounder et al. Lancet Oncology 2020)

3. PRMT1 inhibition activates interferon signaling and elevates tumor-infiltrating lymphocytes
Liu et al. Nat Commun 2023, Tao et al. Cancer Res 2023, Wang et al. CDD 2025

Cetuximab + fulzerasib decreases PRMT1 in KEAP1 and STK11 co-mutated KRASG12C cell lines.
Mengxin Zhou, Jordi Codony-Servat

4. Fumarate levels induce PDL1 expression
Gao et al. CDD 2025

Cetuximab + fulzerasib increase ASS1 and fumarate levels in KEAP1/STK11 co-mutated KRAS G12C cell  lines.
Daniel Olmo, Miguel Ángel Molina-Vila



Molecular Cancer 2024

Mengxin Zhou,  Jèssica González,  Jordi Codony-Servat,  Kevin València-Clua Institut Germans Trias i Pujol, Badalona, Barcelona

Clara Mayo, Ana Giménez-Capitán, Daniel Olmo-González, Miguel Ángel Molina-Vila
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