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A B S T R A C T

Activating mutations in RAS genes, notably KRASG12C, are pervasive in numerous cancers, presenting formidable challenges to therapy due to their elusive
druggability. The landmark discovery of KRASG12C allosteric inhibitors marked a transformative milestone in cancer treatment, resulting in the approval of sotorasib
and adagrasib. However, limitations in the depth and duration of response prompted the quest for alternative strategies. Recently, Holderfield et al., Wasko et al., and
Jiang et al. reported on tri-complex inhibitors, namely RMC-7977 and RMC-6236, targeting activated RAS variants, demonstrating promising preclinical efficacy
surpassing adagrasib. These advancments signify a paradigm shift in RAS oncology, promising enduring therapeutic benefits and warranting further clinical
exploration.
Recently, Holderfield et al., Wasko et al., and Jiang et al. have re-
ported on tri-complex inhibitors, namely RMC-7977 and RMC-6236,
which target activated RAS variants and demonstrate promising pre-
clinical efficacy [1–3]. These advances represent a paradigm shift in RAS
oncology, offering the potential for long-lasting therapeutic benefits and
warranting further clinical exploration.

RAS genes, including KRAS, NRAS, and HRAS, encode proteins
involved in cell signaling pathways that orchestrate cell growth, prolif-
eration, and differentiation. Activated mutations in RAS, such as
KRASG12C, are pervasive in approximately one-third of all human cancers
and significantly contribute to tumor initiation, progression, and resis-
tance to therapy. The long-standing challenge in cancer treatment is the
elusive nature of RAS as a therapeutic target, owing to the absence of
druggable binding sites and the high affinity of RAS proteins for GTP.
However, the groundbreaking discovery of a KRASG12C allosteric inhib-
itor in 2013 heralded a transformative era in this field [4]. By binding to
a pocket adjacent to the G12C mutation site, this inhibitor traps the
protein in its inactive conformation, thereby inhibiting KRAS signaling
and impeding tumor growth. This breakthrough paved the way for the
development of two direct inhibitors, sotorasib (AMG 510) and adagrasib
(MRTX849), which have exhibited promising results in clinical trials and
are now approved for the treatment of certain types of cancer. The suc-
cess of KRASG12C inhibitors have spurred intensive research and devel-
opment aimed at targeting other RASmutations. Among these efforts, the
pan-KRAS inhibitor BI-2865 was devised to impede nucleotide exchange
and prevent the activation of wild-type KRAS and a broad spectrum of
KRAS mutants [5]. In contrast to inhibitors that preferentially bind to the
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inactive form of KRAS, R-G12Di-7 [6] and MRTX1133 [7] target both the
inactive and active forms of KRASG12D, emerging as promising candidates
designed specifically as KRASG12D selective inhibitors. These compounds
signify advancements in broadening the repertoire of druggable targets
across various RAS mutations.

However, clinical observations of the two KRASG12C inhibitors have
suggested limitations in their utility owing to the depth and duration of
the response. While multifactorial, these limitations underscore vulner-
abilities in the foundational premise of targeting the inactive GDP-bound
form of KRASG12C, as cancer cells can evolve mechanisms, such as
increasing the amount of drug-insensitive/GTP-bound KRASG12C or
activating wild-type RAS [8–11]. This necessitates the development of
inhibitors that target the active form of RAS. Pioneering this novel
approach, Revolution Medicines devised covalent tricomplex inhibitors
targeting activated GTP-bound KRASG12C [12,13]. These inhibitors act as
molecular glues by forming a binary complex with the chaperone protein
cyclophilin A (CYPA), which in turn associates with GTP-bound
KRASG12C through interactions between the inhibitors and the Switch I
and II motifs of KRAS, along with covalent engagement of C12 (Fig. 1).
The tri-complex formation induces neomorphic interactions between
CYPA and KRASG12C, which leads to steric occlusion and prevents the
binding of downstream effectors, such as RAF and phosphatidylinositol-3
kinase. Experimental models have demonstrated the superiority of these
compounds over adagrasib in terms of antitumor activity. Based on these
findings, a phase I/II clinical trial assessing the drug candidate
RMC-6291 is currently underway (NCT05462717) [14].

The selectivity of the tri-complex inhibitors over KRASG12C was
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Fig. 1. The co-crystal structures of representative RAS inhibitors. KRAS G12C in complex with MTRX-849 (PDB: 6USZ); KRAS G12D in complex with MRTX-1133
(PDB: 7RPZ); Tricomplex of RMC-4998, KRAS G12C, and CypA (PDB: 8G9P); Tricomplex of RMC-7977, KRAS WT, and CypA (PDB: 8TBF).
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achieved through the covalent modification of C12 by the ynamide
warhead. However, this strategy may not be ideal for most RAS mutants
that can be targeted by noncovalent modifications. To leverage this tri-
complex molecular glue to inhibit additional oncogenic RAS mutants, the
core structure was modified by replacing the Cys-reactive warhead and
further optimizing the reversible drug-binding capacity to enable the
concurrent inhibition of multiple RAS variants. A reversible tri-complex
inhibitor, RMC-7977, developed using this approach, targets both the
active state of the wild-type and multiple oncogenic RAS variants [1],
exhibiting specific activity against a range of common codon 12 mutants
(Fig. 1). The compound's ability to form multiple π–π and hydrophobic
contacts with three RAS isoforms enables the concurrent inhibition of
multiple oncogenic RAS variants and wild-type RAS within the same cell.
This is critical because the compound can overcome some resistance
mechanisms recogized by KRASG12C selective inhibitors, such as
second-site mutations or reactivation of wild-type RAS. Indeed,
RMC-7977 demonstrated durable antitumor activity in xenograft models
in the context of secondary oncogenic RASmutations and RTK activation,
which confers resistance to sotorasib and adagrasib. Another report
suggested that RMC-7977 exhibits broad and pronounced antitumor
activity across a comprehensive range of KRAS-driven pancreatic ductal
adenocarcinoma models, with minimal effects on normal tissues [2].
Additionally, a more recent study reported the antitumor effect of
RMC-6236, a structurally related tri-complex inhibitor that shares a
conserved binding site and binding mode in the tri-complex of the
active-RAS-inhibitor-CYPA [3]. RMC-6236 elicited profound tumor
regression across various tumor types in KRAS-driven xenograft models.
This compound also induced a complete response in two patients, one
with metastatic KRASG12D-mutated pancreatic ductal adenocarcinoma
and the other with metastatic KRASG12V-mutated non-small cell lung
cancer. Given its favorable drug-like profile, RMC-6236 has progressed to
clinical development and is currently being evaluated in a phase I/Ib trial
(NCT05379985).

The successful development of RMC-6291 and RMC-6236 represents
a promising approach for the discovery of molecular glues, which
significantly advances RAS oncology research and drug development.
The distinctive non-covalently active RAS tri-complex inhibitor series
possesses the ability to inhibit both oncogenic RAS mutants and wild-
type RAS, overcoming RAS reactivation as a resistance mechanism.
Future studies should include the determination of the effects of RMC-
6236 on patients with RAS amplification and explore broader thera-
peutic applications targeting RAS signaling and parallel oncogenic
pathways designed to provide lasting patient benefits. Finally, the
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potential side effects of these inhibitors on normal tissues should be
thoroughly evaluated in extensive clinical cohorts, as they may also
inhibit wild-type RAS-GTP in healthy cells.
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