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ABSTRACT

The RAF-MEK-ERK signaling cascade is a central regulator of cell proliferation and
survival, and its aberrant activation is a hallmark of many human cancers, particularly
those harboring RAS or RAF mutations. While existing MEK and RAF inhibitors
have demonstrated limited clinical success, their effectiveness is often compromised
by feedback reactivation and acquired resistance. Avutometinib (VS-6766), a novel
dual RAF-MEK clamp inhibitor, addresses these limitations by simultaneously
inhibiting MEK activity and stabilizing it in an inactive complex with RAF, thereby
preventing upstream feedback signaling and achieving sustained suppression of ERK
activation. This unique mechanism disrupts the compensatory signaling often
observed with classical MEK inhibitors. Preclinical studies demonstrate that
avutometinib more effectively inhibits ERK phosphorylation, induces G1 arrest, and
suppresses tumor growth in RAS-mutant cancer models compared to traditional
pathway inhibitors. Early clinical trials, particularly in low-grade serous ovarian
carcinoma (LGSOC) and KRAS-mutant non—small cell lung cancer (NSCLC), report
encouraging response rates and durable disease control, especially when combined
with focal adhesion kinase (FAK) inhibitors. These findings position avutometinib as
a promising targeted therapy for RAS/MAPK-driven malignancies. Its mechanism
offers a strategic advantage by overcoming resistance pathways that have historically
limited MAPK-targeted therapies. Continued investigation into biomarker-driven
patient selection and rational combination regimens is warranted to fully realize the
clinical potential of avutometinib across diverse tumor types.

KEYWORDS: Cancer, chemistry, RAF-MEK-ERK, Signaling Pathway,
Avutometinib

INTRODUCTION
The RAF-MEK-ERK Pathway in Cancer The RAF-MEK-ERK cascade (a core
module of the MAPK pathway) is a critical signaling pathway that regulates cell
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proliferation, survival, and differentiation. Aberrant activation of this pathway is a
common driver of oncogenesis, occurring in a large fraction of human cancers. For
example, roughly one-third of tumors have activating mutations in RAS genes, and
about 8% harbor mutations in RAF kinases, leading to unchecked MAPK signaling
and tumor growth. Given its central role in cancer cell biology, the
RAS/RAF/MEK/ERK pathway has been a major focus of targeted therapy
development over the past decade (1-3).

Kinase Inhibitors and Their Limitations

While RAF and MEK inhibitors have shown clinical success, their impact is often
short-lived due to adaptive resistance. Tumor cells use feedback loops and signaling
plasticity to bypass inhibition. A key issue is loss of negative feedback MEK
inhibition can trigger rebound activation of RAF and RAS, reactivating ERK
signaling. In RAS-mutant cancers, MEK inhibitors often lead to increased MEK
phosphorylation, undermining their effectiveness (4, 5). Similarly, acquired resistance
to RAF or MEK inhibitors frequently arises via secondary mutations or pathway re-
routing, resulting in only transient responses in many patients. These challenges have
spurred efforts to design combination therapies and next-generation inhibitors that can
shut down MAPK signaling more durably by preventing compensatory pathway
reactivation (1, 6).

Avutometinib as a Dual RAF-MEK Clamp Inhibitor

Avutometinib (VS-6766) is a novel kinase inhibitor designed to overcome resistance
in MAPK pathway therapies. Unlike traditional MEK inhibitors, it functions as a
“RAF-MEK clamp”, simultaneously inhibiting MEK activity and locking it in an
inactive complex with RAF. This dual action prevents RAF from reactivating MEK,
effectively Dblocking feedback loops and achieving sustained ERK pathway
suppression. Its unigue mechanism makes Avutometinib the first-in-class molecule to
target both RAF and MEK with a single agent (7, 8). Early studies showed that it can
inhibit MAPK signaling more profoundly and for a longer duration than earlier MEK-
only inhibitors (e.g. PD0325901) in preclinical models. Notably, this compound was
initially identified through a screen for agents that induce the cell-cycle inhibitor p27,
hinting at its distinctive signaling effects (9, 10).

Clinical Significance and Novelty

Avutometinib’s dual inhibition strategy has significant clinical implications,
positioning it as a novel therapeutic option for cancers driven by the RAS-RAF-
MEK-ERK pathway. By blocking feedback loops and pathway escape routes, this
agent has the potential to produce deeper and more durable responses in tumors that
previously evaded single-node inhibitors. Clinically, avutometinib has shown
promising activity in difficult-to-treat, MAPK-driven cancers. For example, in
recurrent low-grade serous ovarian carcinoma — a cancer characterized by RAS/RAF
mutations and relative resistance to standard chemotherapy — the combination of
avutometinib with the focal adhesion kinase inhibitor defactinib achieved an objective
response rate of approximately 42%, with a median progression-free survival around
20 months (5). This level of efficacy is notably higher than historical outcomes in that
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disease, underscoring the potential of targeting the MAPK pathway in a more
comprehensive manner. Avutometinib’s early clinical success has spurred multiple
ongoing trials in RAS- or BRAF-mutant solid tumors (and even RAS-driven multiple
myeloma), including a registration-directed Phase Il study in ovarian cancer (11).
Taken together, these developments highlight why avutometinib is considered a novel
agent: it introduces a first-of-its-kind mechanism that addresses the limitations of prior
RAF or MEK inhibitors, and it has demonstrated encouraging efficacy in cancers with
dysregulated MAPK signaling. As such, avutometinib represents an important
advancement in the continued effort to therapeutically target the RAF-MEK-ERK
pathway in cancer (12, 13).

Chemistry and SAR of Avutometinib

Avutometinib’s journey from a screening hit to an optimized drug candidate is a tale
of strategic medicinal chemistry and iterative design. It was originally discovered by
researchers at Chugai Pharmaceutical (a Roche subsidiary) who started with a hit
compound identified via high-throughput screening and then derivatized it to improve
its properties. The result of this optimization campaign is Avutometinib (formerly
CH5126766 or VS-6766), a molecule with a unique dual mechanism of action.
Chemically, Avutometinib is a complex polycyclic compound — its IUPAC name (for
the chemically inclined) is 3-[[3- fluoro-2-(methylsulfamoylamino)pyridin-4-
yl]methyl]-4-methyl-7-pyrimidin-2-yloxychromen-2-one , and it has the molecular
formula C21H1sFNsOsS. In simpler terms, the molecule can be visualized as a
coumarin core (a chromen-2-one scaffold) adorned with multiple heterocyclic rings
and functional groups that were tactically added to enhance its activity and drug-like
properties (14, 15).

..

Figure 1: Chemical structure of Avutometinib (skeletal formula). Avutometinib
features a chromen-2-one (coumarin) core with a 4-methyl substituent and a 7-
pyrimidin-2-yloxy linkage, as well as a 3-[(pyridin-4-yl)methyl] substituent
bearing a fluoro and methylsulfamoylamino group. These structural elements
were fine-tuned by medicinal chemists to achieve potent inhibition of the Raf-
MEK-ERK pathway.

The structure—activity relationship (SAR) development of Avutometinib is particularly
fascinating. The initial lead compound, while showing promise as a MEK inhibitor,
had suboptimal solubility and metabolic stability (16). Chemists embarked on a
“nitrogen scan,” systematically replacing certain carbon atoms in the molecular
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scaffold with nitrogen heteroatoms to see how this affected potency and
pharmacokinetics. This strategy stems from the idea that inserting nitrogen into
aromatic rings can reduce lipophilicity and shield the molecule from metabolic
enzymes, often improving solubility and stability. In the case of Avutometinib, these
modifications were critical. For example, one key change was swapping a carbon for
nitrogen in the pendant aromatic ring (converting a phenyl ring into a pyridine
moiety). This single alteration — effectively changing a C-H to an N at a specific
position — had a dramatic impact on the compound’s drug-like profile (17).

To illustrate, an earlier analog (call it Compound 14) that lacked this nitrogen had
excellent enzyme potency (slightly lower I1C50 wvalues) but was far less
pharmaceutically optimized. Meanwhile, the version with the nitrogen (eventually
Avutometinib, then known as Compound 1) achieved a far better balance between
potency and pharmacokinetics. Table 1 compares these two variants, highlighting how
strategic structural changes improved the molecule:

Table 1: Replacing the phenyl ring with a pyridine at Xs slightly reduced in vitro
potency but significantly improved solubility and pharmacokinetics. As a result,
Compound 1 (Avutometinib) was chosen over Compound 14 for development
(18).

Property Compound 14 (early Compound 1 (Avutometinib)
analog)
Key structural | Phenyl ring (C-H at | Pyridine ring (N at position
difference position X3) X3)
;_'CCT116 cancer  cell 17 nM (more potent) 40 nM (slightly less potent)
50
C-Raf enzyme 1Cso 23 nM 56 nM
MEK1 enzyme ICso 97 nM 160 nM
Aqueous solubility (pH
7) 13 pg/mL 159 pg/mL
Metabolic stability | CLint=6.7  pL/min/mg | CLint = 0.5 pL/min/mg (much
(liver microsomes) (rapid clearance) slower clearance)
Oral exposure (mouse
AUC) 425 uM-h 2831 uM-h

Another notable structural feature is the methylsulfamoylamino group on the pyridine
ring (-NH- SO>-CHzs). This sulfonamide group not only adds polarity (aiding
solubility) but also can engage in hydrogen bonding. In fact, modeling suggested that
an intramolecular hydrogen bond involving this sulfamide helps lock the molecule in a
bioactive conformation . The presence of a fluorine atom on that same ring (at the 3-
position of the pyridine) is a classic medicinal chemistry tactic to block an undesirable
metabolism hotspot and stabilize the molecule further. All these tweaks — the fluorine,
the sulfonamide, the heterocyclic inserts — collectively fine-tuned Avutometinib’s
pharmacological profile (19, 20).
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Avutometinib’s unique bifunctional design enables it to act as a “RAF/MEK clamp,”
preventing RAF reactivation and overcoming feedback seen with traditional MEK
inhibitors. Its coumarin—pyrimidine scaffold binds an allosteric MEK pocket, inducing
an inactive MEK-RAF complex. This dual action blocks MEK activity and locks
RAF, effectively shutting down the Ras—Raf-MEK-ERK pathway in RAS-driven
cancers (21).

Mechanism of Action

RAF-MEK-ERK Signaling Cascade

The anti-tumor effects of avutometinib are best understood in the context of the RAF—
MEK-ERK signaling cascade. In normal mitogenic signaling, activated RAS GTPases
recruit RAF kinases (A-RAF, B-RAF, C-RAF) to the cell membrane, where RAF
phosphorylates and activates MEK (MAPK/ERK kinase) on two key serine residues
in MEK’s activation loop (22). Once phosphorylated, MEK in turn phosphorylates
ERK (extracellular signal-regulated kinase), propagating the signal to nuclear targets
and driving cell proliferation and survival. This RAF-MEK-ERK module is tightly
regulated by feedback mechanisms: active ERK phosphorylates upstream components
(including RAF and receptor adaptors) to dampen excessive signaling and maintain
homeostasis. In cancers with RAS or RAF mutations, however, this pathway becomes
constitutively active and a critical driver of tumor growth, making its components
prime therapeutic targets (16, 23).

Feedback Activation with Classical MEK Inhibitors

Conventional allosteric MEK inhibitors, such as trametinib and selumetinib, bind to
MEK and prevent its kinase activity, but they do not prevent RAF from associating
with and phosphorylating MEK. In fact, by blocking ERK output, these drugs relieve
ERK-dependent negative feedback on RAF, often leading to a compensatory hyper-
activation of RAF (24, 25). As a result, RAF phosphorylates MEK at elevated levels —
a paradoxical increase in MEK phosphorylation (pMEK) despite the presence of a
MEK inhibitor. This feedbackdriven pMEK induction has been observed with first-
generation MEK inhibitors (e.g. PD0325901 or selumetinib) in RAS-mutant tumor
models (26). Although MEK’s kinase activity remains inhibited by the drug, the
accumulation of phosphorylated MEK is a hallmark of the pathway’s attempt to
reactivate. Importantly, this compensatory RAF activation can reactivate upstream
signaling networks and lessen the depth and durability of ERK pathway suppression
achieved by classical MEK inhibitors. In clinical contexts, such feedback limits the
efficacy of MEK inhibitor monotherapy, as tumors can escape via rebound MAPK
pathway activity (27, 28).

Avutometinib’s Novel “RAF-MEK Clamp” Mechanism

Avutometinib (VS-6766) was rationally designed to overcome these feedback
limitations through a unique “RAF-MEK clamp” mechanism. Unlike traditional MEK
inhibitors, avutometinib allosterically binds MEK in a way that stabilizes the MEK—
RAF interaction and locks both proteins in an inactive complex . Structural and
biochemical studies indicate that when avutometinib occupies MEK, it induces a
MEK conformation that cannot be efficiently phosphorylated by RAF, nor released
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from the RAF—MEK complex . In essence, the drug-bound MEK acts as a dominant-
negative scaffold that sequesters RAF in a dormant state (29). This “clamping” of
RAF and MEK serves two coordinated functions: (1) MEK inhibition — avutometinib
directly blocks MEK’s kinase activity toward ERK, and (2) RAF inhibition by
complex — the trapped RAF cannot phosphorylate other MEK molecules or propagate
signals. Avutometinib thus prevents MEK from being activated by RAF, in contrast to
classical MEK inhibitors which permit RAF to continually phosphorylate MEK.
Notably, because RAF is bound in an inactive MEK complex, avutometinib
functionally suppresses RAF kinase activity upstream as well (30) . This dual action
underlies its designation as a first-in-class “RAF/MEK clamp” inhibitor. Cellular
studies have confirmed that avutometinib treatment drives the formation of stable,
inert RAF-MEK complexes (sometimes termed dominant-negative complexes) that
block RAF-dependent MEK phosphorylation across all RAF isoforms (A-RAF, B-
RAF, and CRAF) (28, 31).

Suppression of ERK Phosphorylation and Feedback Loops

Avutometinib delivers a completer and more durable shutdown of the MAPK pathway
by clamping RAF-MEK and blocking MEK activation. This prevents ERK
phosphorylation downstream and disrupts compensatory feedback loops upstream.
Unlike traditional MEK inhibitors, avutometinib does not trigger a rise in pMEK
levels, meaning RAF remains under ERK-dependent feedback control. As a result, the
pathway is insulated from reflex reactivation—a common limitation of single-node
inhibitors. This dual mechanism ensures deeper, sustained ERK suppression and
enhances antiproliferative efficacy in RAS/RAF-driven cancers (28).

Evidence from Preclinical Studies

Extensive preclinical evidence supports this dual MEK/RAF inhibition mechanism of
avutometinib. In RASmutant cell lines, standard MEK inhibitors (e.g. selumetinib)
cause a rebound increase in pMEK, whereas avutometinib completely abrogates this
effect . For instance, Wada et al. (2014) (32) demonstrated that CH5126766
(avutometinib) blocked the MEK re-phosphorylation that occurred after selumetinib
exposure in KRAS- or NRAS-mutant cancer cells. Correspondingly, avutometinib-
treated cells showed more complete ERK pathway inhibition and greater anti-
proliferative effects than cells treated with a classical MEK inhibitor . In the same
study, avutometinib induced G1 cell-cycle arrest and apoptosis markers more
effectively, consistent with more robust ERK suppression (32).

In in vivo models, the RAF-MEK clamp mechanism has translated into potent
antitumor activity. Ishii et al. (2013) (28) reported that CH5126766 did not drive
MEK hyperphosphorylation in tumor xenografts, yet achieved stronger ERK pathway
blockade and tumor growth inhibition compared to a traditional MEK inhibitor .
Similarly, in a NRAS mutant melanoma xenograft (SK-MEL-2), avutometinib caused
significant tumor regression without the dose-limiting toxicities seen at equivalent
doses of earlier MEK inhibitors . These data indicate that by preventing feedback
reactivation of RAF, avutometinib maintains a suppressive grip on the MAPK
cascade, leading to superior downstream signaling suppression and tumor control.
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Notably, this clamp mechanism appears especially beneficial in RAS-mutant contexts,
where upstream feedback activation is a prominent resistance mechanism — indeed,
avutometinib has shown efficacy in KRAS-driven lung and ovarian cancer models
where single-pathway inhibitors alone were less effective (28).
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Figure 2. A schematic diagram of the RAF-MEK-ERK pathway is included to
illustrate avutometinib’s mechanism of action in contrast to classical MEK
inhibitors.

Table 2: Comparative mechanistic and preclinical profiles of Avutometinib
versus classical MEK inhibitors (31-33).

Avutometinib  (RAF-MEK Classical MEK Inh|b|_to_rs
Aspect Clamp) (e.q., Selumetinib,
P Trametinib)
Dual RAF-MEK inhibitor; o
Mechanism locks RAF-MEK in inactive MEK-only inhibitor;  does
not block RAF
state
. _ High increase due to
PMEK Levels No increase; MEK cannot be feedback from ERK
phosphorylated AR
inhibition
Initial drop, but rebound
PERK Suppression Strong and sustained common in RAS-mutant
tumors
E%?g?:f K Loop Effectively blocked Feedback reactivation occurs
Forms dominant-negative | No complex formed; RAF
RAF-MEK Complex complex; RAF held inactive can reactivate MEK
Tumor Response _
(RAS-mutant Tumor regression observed Mostly halts growth, rarely
causes regression
models)
Cell Effect G.l arrest; low apoptosis as G1 arrest; low apoptosis
single agent
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Well-tolerated; minimal side

effects

Tolerability
(Preclinical)

Dose-limiting toxicities (eye,
skin, GI) common

Signaling Pathway Modulation

RAF-MEK-ERK Pathway Inhibition and Feedback Suppression

Avutometinib is a first-in-class RAF-MEK “clamp” that uniquely modulates the
MAPK pathway by simultaneously targeting MEK1/2 and upstream RAF kinases .
Unlike conventional MEK inhibitors, which often relieve ERK-mediated feedback on
RAF and trigger a compensatory rise in MEK phosphorylation, avutometinib
stabilizes MEK in an inactive complex with RAF (34, 35). By binding to MEK and
inducing a conformational change, avutometinib prevents RAF (including A-RAF, B-
RAF, and C-RAF) from rephosphorylating and reactivating MEK . This dual
mechanism leads to sustained ERK pathway inhibition without the rebound increase
in MEK phosphorylation observed with other inhibitors (36, 37). Indeed, CH5126766
(the research precursor to avutometinib) was shown to avoid RAF-driven pMEK
induction and achieved deeper suppression of ERK signaling output than a standard
allosteric MEK inhibitor in RAS-mutant tumor models. By effectively clamping the
RAF-MEK module in an inactive state, avutometinib blocks the propagation of
mitogenic signals through ERK and mitigates the immediate feedback loops that often
undermine MAPK pathway inhibitors (28) .

Table 3 — Comparison of Avutometinib and Other MAPK Pathway Inhibitors:
Signaling Impact & Resistance Mechanisms (5, 28, 31)

Avutometinib (RAF- | Allosteric: MEK | b ev/600E  Inhibitor

Parameter Inhibitor (e.g., .
MEK Clamp) Trametinib) (e.g., Vemurafenib)
Dual RAF-MEK | MEK-only Blocks mutant
Mechanism | blocker; locks both in | blocker; no RAF | BRAFV600E; no effect
Inactive complex inhibition on wild-type RAF
Decreased in BRAF-
pPMEK No increase; feedback S_trong pPMEK mutants; increased in
rise due to ERK
Feedback loop blocked RAS-mutants
feedback loss . —
(paradoxical activation)
ERK Strong & sustained; no | Initial drop, often Effective  in  BRAF-

Suppression

rebound

rebounds

mutants; may activate
ERK in RAS-mutants

RAS-Mutant | Effective: induces Limited activity; | Ineffective or harmful
. often needs | due to feedback
Tumors tumor regression .
combos activation
Minimal feedback; Reactivation  of Many routes:
Resistance resistance via alternate athwa or NRAS/MEK mutations,
pathways (e.qg., Esca o ?/nutations RTK/PI3K  activation;
PI3K/FAK) P combos delay resistance
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Impact in KRAS-Mutant and RAS-Altered Tumors

Because of its mechanism, avutometinib is particularly effective in cancers driven by
mutations in KRAS, NRAS, or other RAS—pathway alterations. RAS-mutant tumor
cells are often highly dependent on the RAF— MEK-ERK cascade for proliferation,
yet they rapidly adapt to single-agent MEK or RAF inhibitors via pathway
reactivation. Avutometinib’s ability to clamp the pathway shut has translated into
promising antitumor activity in preclinical models and early clinical trials: -
Preclinical Findings: In vitro, avutometinib suppresses ERK signaling and cell growth
across multiple KRAS/NRAS-mutant cancer cell lines (including pancreatic, colon,
lung, and melanoma models) (38). It induces G1-cell cycle arrest and pro-apoptotic
changes in RAS-driven melanoma cells, accompanied by upregulation of CDK
inhibitor p27 and downregulation of cyclin D1 (39, 40). Notably, CH5126766 (VS-
6766) outperformed standard MEK inhibitors in RAS-mutant settings — for example, it
more effectively reduced colony formation in NRAS- and KRAS-mutant cells
compared to a MEK-only inhibitor, consistent with its enhanced ERK blockade (32).
In vivo, single-agent avutometinib has shown tumor regression or growth delay in
RAS-mutant xenograft models (e.g. KRAS*"G12D colorectal and NRAS-mutant
melanoma), whereas comparators had minimalimpact . These data underscore that
RAS-mutant tumors, traditionally resistant to MAPK inhibition, become susceptible
when both MEK and RAF feedback are co-targeted.

Low-grade serous ovarian cancer (LGSOC) is a slow-growing but treatment-
resistant tumor, with ~30% harboring KRAS mutations and others showing MAPK
pathway alterations. Traditional MEK inhibitors show limited clinical benefit (15—
26% response rates). In contrast, early data on Avutometinib demonstrates
significantly improved outcomes in RAS-altered LGSOC (41). In the Phase 1 FRAME
trial (an exploratory study of avutometinib plus the FAK inhibitor defactinib), patients
with recurrent LGSOC achieved an ORR of ~42% with the combination . Median
progression-free survival (mPFS) reached 20.1 months , which is strikingly prolonged
relative to historical controls (mPFS ~9-13 months on prior MEK inhibitors) .
Importantly, responses were enriched in KRASmutant LGSOC: among patients with
confirmed KRAS mutations, ORR was ~58% and mPFS ~30.8 months (31). These
results, published in 2025, represent one of the highest response rates seen in this
disease, and directly led to breakthrough therapy designation and the design of
registrational trials . The subsequent randomized Phase 2 RAMP 201 trial confirmed
an ORR of ~44% for avutometinib + defactinib in KRAS-mutant LGSOC, supporting
an FDA accelerated approval in this molecular subset . Notably, some activity was
observed even in KRAS wild-type LGSOC, suggesting the combo can overcome non-
KRAS MAPK pathway drivers as well (42). Overall, in ovarian cancer models,
avutometinib’s dual pathway blockade — especially when combined with FAK
inhibition — has proven capable of inducing tumor shrinkage and durable disease
control in a setting where conventional therapies rarely succeed (43).

KRAS-Mutant NSCLC and Avutometinib: KRAS mutations are present in ~25-
30% of non-small cell lung cancers (NSCLC), and MEK inhibitors have shown
limited success in this setting. However, early studies show that Avutometinib
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achieves ERK pathway suppression and modest activity in KRAS-mutant NSCLC. In
the FRAME trial, single-agent avutometinib induced partial responses in some heavily
pretreated patients. When combined with defactinib, the overall response rate (ORR)
reached ~11%, including responses in KRAS®2Y and KRAS®C (44, 45). Though the
response rate was modest, these results provided a proof-of-concept that dual
RAF/MEK and FAK targeting can overcome some resistance in KRAS-driven lung
tumors. Notably, disease control was seen in KRAS®!?Y NSCLC, a genotype not
targetable by current KRAS®?C inhibitors. This has spurred further trials: for instance,
the ongoing RAMP 202 study is evaluating avutometinib * defactinib specifically in
KRAS®?Y mutant NSCLC, an area of unmet need (46).

Colorectal and Pancreatic Cancers: RAS-pathway alterations are prevalent in
colorectal cancer (CRC) and pancreatic ductal adenocarcinoma (PDAC), but these
tumors have proven extremely difficult to treat with MAPK inhibitors due to
redundant survival signals. In the FRAME trial, RASmutant CRC and PDAC cohorts
did not achieve confirmed responses with avutometinib + defactinib dual therapy ,
indicating that additional mechanisms drive resistance in these diseases. However, the
trial’s pharmacodynamic data confirmed effective ERK pathway inhibition in tumor
biopsies (47, 48) . Building on these findings, new combination trials have been
launched to tackle compensatory pathways: for example, avutometinib + defactinib is
being combined with standard chemotherapy in PDAC (VS-6766 + gemcitabine/nab-
paclitaxel) and with EGFR inhibition in CRC (VS-6766 + cetuximab) . The rationale
Is that vertical blockade of MAPK signaling (RAF/MEK = EGFR) plus concomitant
targeting of parallel survival signals can produce synergistic anti-tumor effects.
Preclinically, there is evidence that dual MAPK and EGFR/RTK inhibition is
beneficial in RAS-driven CRC , and that adding MEK or ERK inhibitors can
overcome feedback resistance to KRAS®'?C inhibitors in CRC models (49). Thus,
while single-agent avutometinib has limited efficacy in tumors with highly redundant
signaling (like KRAS-mutant CRC/PDAC), it serves as a potent backbone for
combination regimens aiming to shutdown the RAS-ERK axis alongside other nodes.

Preclinical and Clinical Studies of Avutometinib

Preclinical Efficacy in RAS Pathway-Altered Cancers

Extensive preclinical studies have demonstrated that avutometinib (VS-6766) is active
against a variety of RAS/MAPK pathway—driven tumors. As a dual RAF/MEK
inhibitor or “RAF/MEK clamp,” avutometinib potently suppresses MEK—ERK
signaling while preventing upstream feedback reactivation of RAF (50, 51). In vitro,
single-agent avutometinib inhibits proliferation across multiple cancer cell lines
bearing KRAS, BRAF, or NF1 mutations. For example, in KRAS-mutant non-small
cell lung cancer (NSCLC) models, avutometinib monotherapy showed cytotoxic
activity in culture and tumor growth inhibition in xenografts . However, parallel
activation of compensatory pathways often limits the depth and durability of MEK
pathway inhibition by single agents (52, 53). In vivo, intermittent dosing schedules of
avutometinib have been optimized to enhance efficacy while mitigating toxicity:
preclinical pharmacology supported twiceweekly dosing, which was later validated
clinically as sufficient to maintain ERK pathway suppression with improved
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tolerability . This intermittent schedule distinguishes avutometinib from traditional
daily MEK inhibitors and was critical for chronic administration in subsequent trials
(54) .

Synergy of Avutometinib with Combination Therapies Combination strategies have
been pursued to overcome adaptive resistance mechanisms that emerge with MAPK
pathway blockade. Notably, focal adhesion kinase (FAK) activation has been
identified as a key bypass mechanism when MEK is inhibited (55). In KRAS-driven
tumors, MEK inhibition by avutometinib can lead to upregulation of FAK-RhoA
signaling, promoting cell survival and metastasis . Addition of FAK inhibitors (e.g.
defactinib or VS-4718) synergistically enhances avutometinib’s anti-tumor effects by
blocking this resistance pathway (56, 57). In vitro, the combination of avutometinib
plus defactinib produces greater apoptosis and growth inhibition than either agent
alone in RAS/MAPK-mutant cancer cell lines (53). For instance, five of five primary
high-grade endometrioid endometrial cancer cell lines (several harboring KRAS,
BRAF, or PIK3CA mutations) were sensitive to single-agent avutometinib, and all
showed further reduced viability with the addition of a FAK inhibitor . Western blot
analyses confirmed that the drug combination more completely suppresses
downstream signaling (reducing phosphorylated ERK and MEK) while also
decreasing p-FAK levels, consistent with dual-pathway blockade (58).

Preclinical in vivo findings mirror these synergistic effects. In KRAS-driven tumor
xenografts, avutometinib plus defactinib yielded superior tumor regression compared
to either monotherapy. For example, in mice engrafted with an aggressive RAS-
mutated endometrial carcinoma (UTE10), the combination achieved significantly
greater tumor growth inhibition than single agents (with tumor shrinkage evident by
Day 9, p<0.05) (53). In BRAF V600E mutant melanoma models resistant to standard
BRAF+MEK inhibitor therapy, the addition of a FAK inhibitor similarly restored
sensitivity: avutometinib combined with a FAK inhibitor overcame acquired
resistance to both targeted BRAF/MEK therapy and immune checkpoint blockade,
yielding durable tumor regressions in vivo (59). Collectively these studies provide a
strong mechanistic rationale for combining avutometinib with FAK inhibitors to
achieve more complete and durable RAS/MAPK pathway suppression by blocking
known escape pathways (49). This preclinical evidence has directly informed clinical
trial design, especially for RAS-driven solid tumors where adaptive resistance limits
single-agent efficacy.

Early-Phase Clinical Trials of Avutometinib Monotherapy

Initial first-in-human studies of avutometinib explored its tolerability and single-agent
activity in patients with refractory solid tumors harboring RAS/RAF pathway
alterations . In a phase | dose-escalation trial (including a “basket” expansion in RAS-
mutant tumors), an intermittent dosing schedule was implemented based on preclinical
insights (31). Avutometinib given orally twice weekly (3 weeks on, 1 week off) was
generally well tolerated up to 4 mg per dose; however, a higher continuous dose or
daily schedule proved too toxic, manifesting as dose-limiting rash and creatine kinase
(CK) elevation. The recommended phase 2 dosing (RP2D) was established as 3.2 mg
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twice weekly on the 3-weeks-on/1-week-off schedule . Even as monotherapy,
preliminary anti-tumor activity was observed: partial responses occurred in heavily
pretreated patients with KRAS"G12D-mutant low-grade serous ovarian cancer
(LGSOC) and NRAS-mutant thyroid cancer, among others (60). In KRAS-mutant
NSCLC, single-agent avutometinib achieved stable disease or minor tumor
regressions in a subset of patients . These early signals of efficacy (albeit modest)
validated that intermittent avutometinib could engage the target in RAS-driven
cancers and paved the way for combination trials aiming to improve response rates
(61).

Avutometinib + Defactinib Combination: FRAME Trial (Phase 1)

The Phase | FRAME trial tested Avutometinib + Defactinib in RAS/RAF-mutant solid
tumors, including NSCLC, CRC, pancreatic cancer, and LGSOC. An intermittent
dosing schedule (Avutometinib 3.2 mg BID + Defactinib 200 mg BID, 3 weeks on/1
week off) was established as the RP2D due to better tolerability. Higher doses
increased rash and fatigue. At RP2D, the combo showed a manageable safety profile,
with common side effects including mild rash (~90%), elevated CK (56%), and rare
grade 3—4 events. No unexpected safety concerns were observed (31).

Despite some required dose interruptions for chronic rash, the combination
demonstrated encouraging efficacy in several RAS-driven cancers. The most striking
activity was observed in low-grade serous ovarian cancer. Among 26 evaluable
patients with KRAS-mutant LGSOC treated on FRAME, the confirmed objective
response rate (ORR) was 42.3% (11 of 26, 95% CI ~23-63%) (62). In LGSOC, the
combination achieved deep and lasting responses, with a median PFS of 20.1 months,
significantly outperforming historical MEK inhibitor monotherapy (e.g., trametinib
PFS ~13 months, ORR ~26%). Responses were seen across multiple RAS mutations
(KRAS®'?P and  KRASC'?V) and even in BRAF-mutant gynecologic tumors,
highlighting the regimen’s broad activity (31).

Efficacy in other FRAME cohorts was less pronounced, underscoring tumor-specific
differences. In KRASmutant NSCLC, the combination achieved an ORR of ~11.1%
with a median PFS of only ~3.5 months . A few NSCLC patients did respond (partial
responses were confirmed in tumors with KRAS*G12V and KRAS*"G12C mutations),
but the overall response rate was relatively low . Likewise, no confirmed responses
were seen in the small cohorts of pancreatic adenocarcinoma or KRAS/NRAS-mutant
colorectal cancer treated with avutometinib + defactinib (63). Many of those heavily
pretreated pancreatic and CRC patients did achieve stable disease, and the
combination proved tolerable in these groups . However, the lack of objective
responses suggested that dual RAF/MEK+FAK inhibition may be insufficient alone in
certain aggressive RAS-driven malignancies (especially those like pancreatic cancer,
where parallel PI3K or other pathways contribute to growth). As a result, follow-up
studies were launched to combine avutometinib with standard chemotherapies in these
diseases — for example, adding it to gemcitabine/nab-paclitaxel in pancreatic cancer —
to determine if a triplet approach can improve efficacy (49).
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Phase Il Clinical Outcomes in Key Indications

Low-Grade Serous Ovarian Cancer (RAMP 201)

Given the promising signals in LGSOC, a registration-directed phase Il trial (RAMP
201) was undertaken to further evaluate avutometinib £ defactinib in this setting .
Low-grade serous ovarian carcinoma is a slow-growing but therapy-resistant
malignancy frequently driven by KRAS or BRAF mutations. RAMP 201 enrolled
patients with recurrent LGSOC after >1 prior systemic therapy, stratifying by KRAS
mutation status (64). In the initial randomized phase, patients received either
avutometinib alone or in combination with defactinib (at two dose levels). The
combination showed significantly better outcomes, with a 45% ORR vs. only 0-4%
with monotherapy.

o KRAS-mutant LGSOC: ORR 60%

o KRAS wild-type: ORR ~29%

Notably, responses occurred in patients previously resistant to MEK inhibitors,
suggesting the combo may overcome prior resistance. These strong results supported
trial expansion and regulatory approval efforts (65).

In the full expansion of RAMP 201 (n=109), the confirmed ORR was 31%, including
2% complete and 29% partial responses.

o KRAS-mutant tumors:

ORR 44%

Median PFS: 22.0 months

Median Duration of Response (DOR): 31.1 months

KRAS wild-type tumors:

ORR 17%

o Median PFS: 12.8 months

o Median DOR: 9.2 months

® O O O

@)

These results highlight the critical role of biomarker selection, with the combination
showing greatest efficacy in RAS pathway-altered LGSOC. However, KRAS wild-
type patients still benefited, possibly due to other MAPK-related alterations.
In RAMP 201, the combination showed a manageable safety profile, with only
10% treatment discontinuation due to adverse events.
o Common side effects:
o Nausea (67%), Diarrhea (58%), Rash (50%) — mostly mild
o CK elevation (~60%, grade >3 in 24%) — asymptomatic, managed with dose
adjustments
o Other mild AEs: Edema, fatigue, transaminase increase

Dose modifications (interruptions: ~80%, reductions: ~37%) were expected due to
long treatment durations, but no new safety concerns emerged.

FDA Accelerated Approval (May 2025): Granted for KRAS-mutant recurrent LGSOC
after prior therapy, marking one of the first targeted therapies for this disease. A Phase
I11 confirmatory trial (RAMP 301) is ongoing to compare the combo against standard
treatments, with PFS as the primary endpoint (65).
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Non-Small Cell Lung Cancer (RAMP 202 and Other Trials)

The Phase 1l RAMP 202 trial evaluated avutometinib with or without defactinib in
KRAS®?Y -mutant NSCLC, a subgroup lacking targeted therapies. Results were
disappointing—monotherapy showed a 0% response rate, and the combination yielded
only an 11% ORR, with median progression-free survival around 4 months in both
arms. Disease control rates were modest (37-44%) and below the threshold for further
development. As a result, the trial was halted after Part A, and the combination was
not advanced. Safety remained consistent with previous studies, with no new signals.
Overall, the findings suggest that KRAS®2Y NSCLC likely requires alternative
strategies beyond FAK inhibition (66).

Recent efforts have focused on combining avutometinib with KRASC®?C inhibitors to
improve outcomes in KRAS-mutant NSCLC. While KRAS®'?C accounts for ~40% of
KRAS-driven lung adenocarcinomas and agents like sotorasib and adagrasib show
~37-43% ORR as monotherapy, resistance often arises through pathway reactivation.
Preclinical data support dual vertical inhibition—pairing a MEK clamp (avutometinib)
with KRAS®'?C pblockade—to enhance ERK suppression and delay resistance. In the
RAMP 203 trial, the avutometinib + sotorasib combo achieved a 40% ORR in
KRAS®?C-inhibitor-naive patients, with deep responses. Importantly, it also showed
14% ORR in those previously resistant to KRASC?C inhibitors, leading to an overall
ORR of 25%. These encouraging results earned the combination a Fast Track
designation from the FDA. The established RP2D is avutometinib 4 mg BID (21/28
days) + sotorasib 960 mg daily, with no major added toxicities or drug interactions. A
separate trial, RAMP 204, is now evaluating avutometinib with adagrasib in patients
who have progressed on prior G12C therapies. These combination approaches aim to
deepen responses and prolong efficacy in KRASC¥2C-mutant NSCLC beyond what
single-agent inhibitors can offer (67).

Table 4: Key Clinical Trials of Avutometinib (VS-6766) + Combinations (2019-
2025)

Trial Patient Population

(Phase) (Genotype) Regimen Notable Outcomes Ref.

— LGSOC (KRAS-mut):
Avutometinib | ORR 42%, mPFS 20.1 mo.
Solid tumors with|3.2mg BID |- NSCLC (KRAS-mut):
KRAS/NRAS/BRAF | 2x/week + | ORR ~11%, mPFS 3.5 mo.

FRAME mutations (expansion | Defactinib — CRC/Pancreatic: 0% (31)
(Phase 1) cohorts in LGSOC, | 200mg BID | ORR (no PR; mainly stable
NSCLC, CRC, | (3 wks on/l | disease). — RP2D
pancreatic, etc.) off) — | established; common AEs
intermittent rash, CPK elevation

(mostly grade 1-2).

Recurrent Low- | Avutometinib | — Overall (n=109): ORR

RAMP 201 | Grade Serous | 3.2mg BID | 31%, median DOR (65)
(Phase 1) | Ovarian Cancer | 2x/week + | 31.1 mo, mPFS 12.9 mo. —

(LGSOC), stratified | Defactinib KRAS-mutant: ORR 44%,
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by KRAS mutation

200mg BID
(3/1 schedule)

MPFS 22.0 mo. — KRAS-
wild-type: ORR  17%,
mPFS 12.8 mo. -
Responses seen even after
prior MEK inhibitor (45—
60% ORR in combo arm vs
0% with monotherapy). —
Accelerated FDA approval
granted for KRAS-mut
LGSOC (2025).

Avutometinib

— Monotherapy: ORR 0%
(0/16 PR), DCR 44%. —
+Defactinib combo: ORR

3.2mg BID | 11% (2/19 PR), DCR 37%.
RAMP 202 KRAS"GlZV-rr_]utant 2x/week * | — Limited efficacy; did not
NSCLC (previously . . (66)
(Phase II) treated) Defactinib proceed to expansion (no
200mg BID | “go” in adaptive design). —
(randomized) | No new safety signals;
combination not pursued
further in G12V NSCLC.
- KRAS G1l2C-
inhibitor naive: ORR
~40%. — KRAS G12C-
Avutometinib | inhibitor resistant: ORR
N 4 mg BID | ~14% (some responses
RAMP 203 EEQECGlz(S'm%tﬁgtr 2x/week despite prior failure). — 67)
(Phase I/11) G120 inhibi;or) (21/28 days) + | Combined ORR ~25%
Sotorasib (Fast Track designation by
960 mg QD FDA). — RP2D established:;
well tolerated with no
significant drug—drug
interaction.
— NSCLC (KRAS-mut):
PRs in multiple KRAS
variants; median  PFS
Avutometinib | ~6.3 mo in refractory pts. —
Solid  tumors  with (VS-6766) LGSOC (KRAS G12D): 2
VS-6766 + . 3.2mg BID | confirmed PRs  with
: RAS mutations (dose .
Everolimus escalation + NSCLC 2%/week + | extraordinarily long DOR | (68)
(Phase I) Everolimus (~36-42 mo ongoing). -

expansion)

5mg 2x/week
(intermittent)

Established tolerable dual-
pathway blockade (MAPK
+ PI3K/mTOR); supports
further trials in RAS-driven
tumors.
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Future Perspectives

The unique “RAF-MEK clamp” mechanism of avutometinib, coupled with its early
clinical success, has important implications for future research and clinical
development. One key priority is to harness avutometinib as a backbone for
combination therapies to counteract compensatory pathways underlying resistance to
MAPK inhibitors. Rational co-targeting approaches (e.g., combining avutometinib
with FAK inhibitors, direct KRAS inhibitors, or EGFR/PI3K-mTOR pathway
blockers) are expected to deepen responses and prolong disease control. Initial studies
already demonstrate synergistic efficacy with such strategies: in RAS-driven ovarian
cancer, avutometinib plus a FAK inhibitor achieved objective responses in nearly half
of patients , and pairing it with a KRAS G12C inhibitor in lung cancer improved
response rates even among patients with prior KRAS inhibitor resistance. These
results underscore the importance of biomarkerdriven patient selection. For example,
in KRAS-mutant low-grade serous ovarian cancer the ORR was ~44% versus ~17% in
KRAS-wild-type patients, illustrating why patient selection by tumor genotype is
crucial. In addition, expanding investigations into traditionally hard-to-treat
RAS/MAPK-driven malignancies (e.g., KRAS-mutant pancreatic and colorectal
cancers) is a critical next step, and combining avutometinib with standard treatments
(such as chemotherapy or other targeted agents) in these settings could help overcome
Intrinsic resistance mechanisms and broaden its impact. Optimizing dosing — for
instance, refining the intermittent schedule that maintains ERK suppression with
lower toxicity — and integrating combinations earlier in treatment could further
enhance efficacy and preempt resistance. By integrating these approaches
(combination therapy, biomarker-driven patient selection, and proactive resistance
mitigation), researchers can fully leverage avutometinib’s novel mechanism to achieve
more durable responses and improved outcomes across a broad spectrum of
RAS/MAPK-driven cancers.

CONCLUSION

Avutometinib (VS-6766) represents a significant advancement in targeted cancer
therapy through its novel “RAF-MEK clamp” mechanism, which addresses key
limitations of classical MEK or RAF inhibitors. By stabilizing RAF-MEK complexes
in an inactive state, avutometinib effectively suppresses ERK signaling while
preventing feedback reactivation that commonly undermines MAPK pathway
inhibition. Preclinical and clinical studies have consistently demonstrated its superior
efficacy in RAS- and RAF-mutant malignancies, particularly in low-grade serous
ovarian cancer and select subtypes of non-small cell lung cancer. Moreover, the
drug’s favorable tolerability profile, especially under intermittent dosing schedules,
supports its long-term use in chronic treatment settings. The integration of
avutometinib with rational combination strategies—such as focal adhesion kinase
inhibitors or KRAS G12C inhibitors—has further enhanced its therapeutic impact,
overcome resistance and expanding its utility across diverse tumor types. These
promising findings not only validate the concept of dual RAF-MEK inhibition but
also emphasize the need for continued clinical development, biomarker-guided
therapy selection, and investigation of synergistic combinations. Taken together,
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avutometinib emerges as a first-in-class targeted agent with the potential to reshape
treatment paradigms for MAPK-driven cancers.
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