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Introduction

Experimental Procedures
The current dataset included 86 patients with RAS-mutant advanced solid tumors treated with atebimetinib monotherapy, along with 37 
patients with first-line PDAC treated with atebimetinib plus modified Gem/nab-Pac (mGnP) that had sufficient longitudinal data to assess 
changes in serial circulating tumor DNA (ctDNA). ctDNA was evaluated using FoundationOne® Liquid CDx and Guardant360®. Analyses 
were performed to evaluate emergent genomic alterations over time during treatment. Emergent alterations were defined as mutations 
not detected in the pre-treatment screening sample or prior molecular pathology report but detected in the subject’s last available 
sample in the Phase 1/2a trial (NCT05585320)2. Only somatic mutations were included based on predicted somatic status from Guardant 
Health (GRDT) and Foundation Medicine (FMI) and observed variant characteristics. Enrichment analysis performed via hypergeometric 
testing with background assigned as union of FMI and GRDT genes.

Baseline, Emergent and Acquired ctDNA Profiles: Monotherapy Atebimetinib

Conclusions
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Treatment-Acquired Mutations Show Distinct Adaptation MechanismsAtebimetinib + Chemotherapy Combination ctDNA Profiles in 1L Pancreatic Cancer
As the adaptive and acquired resistance landscape for chronic RAS inhibition comes into focus, it is increasingly apparent that treatment-
emergent bypass almost invariably converges on reactivation of the same RAS/MAPK axis these drugs were designed to suppress. Across 
clinical and preclinical studies of pan-, multi- and mutant-selective RAS inhibitors, adaptive and acquired resistance commonly arises 
through polyclonal alterations in KRAS itself,  downstream MAPK effectors (e.g.,  KRAS secondary mutations/amplifications, NRAS, BRAF, 
and MAP2K1 mutations, NF1 loss, and RTK mutations/amplification such as MET, EGFR, ERBB2, and FGFR2). Notably, these events are 
often multiple and heterogeneous within the same patient, underscoring how strongly tumor select for sub-clones that restore MAPK 
output under continuous pathway pressure. The field’s emerging consensus is clear: depth and durability will require therapies that 
suppress oncogenic signaling without continuously ensuring that tumors evade that suppression via alternative means1.
Atebimetinib was designed around a different premise than chronic inhibitors of RAS or MEK. Unlike other RAS or MEK inhibitors, 
atebimetinib was designed with a short half-life (2-3 hours), near complete inhibition of MEK signaling and a fast target off rate, such that 
when coupled with daily delivery results in potent, pulsatile MEK suppression with daily pathway recovery.  Thus “Deep Cyclic Inhibition” 
(DCI) reduces sustained selective pressure that favors de novo pathway-restoring mutations, while still exploiting MAPK dependence in 
RAS-mutant tumors. Thus, atebimetinib is not simply another MEK inhibitor, it is a deliberate challenge to the assumption that durable 
control of RAS-driven cancers requires chronic pathway blockade. Our molecular ctDNA analyses ask a clinically important question: 
when MEK inhibition is cyclical rather than chronic, do tumors still evolve the canonical RAS/MAPK bypass genotype, or does DCI at MEK 
make that escape route less favorable?

Consistent with Immuneering’s DCI hypothesis, the absence or scarcity of emergent canonical RAS/MAPK 
resistance alterations in atebimetinib-treated patients distinguishes this approach from the evolutionary 
pattern repeatedly observed with chronic RAS-directed monotherapy. Consistent with the adaptive therapy 
principles described by Gatenby4 and Maley5, deep cyclic MEK inhibition may lessen the continuous 
selective pressure that drives competitive outgrowth of pathway-restoring resistant subclones, thereby 
slowing adaptation while preserving MAPK dependence. Rather than selecting for relentless pathway 
restoration, DCI may preserve the opportunity to combine vertically (within the pathway) and orthogonally 
(across parallel pathways). This is important because combination therapy is increasingly recognized as the 
path to deeper and more durable responses in RAS-driven cancers, and Immuneering has shown 
preclinically that atebimetinib plus mutant-selective RAS inhibitors can drive more profound and sustained 
antitumor activity than either agent alone. In RAS-mutant MIA PaCa-2 xenografts, atebimetinib (IMM-1-
104) plus gemcitabine/nab-paclitaxel also delivered synergistic antitumor effects with improved depth and 
durability, including near-complete responses in most animals6, supporting its potential as a chemotherapy 
backbone. Together with emerging clinical outcomes, these findings position atebimetinib not simply as 
another MEK inhibitor, but as a DCI-based backbone for RAS- and RAF-mutant cancers, designed to combine 
more effectively with mutant-selective RAS- and RAF-inhibitors, immunotherapy, chemotherapy, RTK-
directed agents, or radiotherapy to drive deeper, more durable control with a goal of improved tolerability.
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Figure 1:  Atebimetinib treatment revealed sparse early ctDNA evolution and MAPK reactivation was uncommon.

Figure 3: Atebimetinib ctDNA Profiling Identified No Dominant MAPK Reactivation Signature.

Figure 4:  Atebimetinib deep cyclic MEK inhibition is associated with limited canonical 
MAPK escape and heterogeneous adaptive responses

Abstract 
#1873

Figure 2: MAPK Pathway Reactivation Events Were Rare in 1L PDAC Treated with Atebimetinib + mGnP

Longitudinal ctDNA profiles at Baseline (prior to treatment), Emergent (on treatment) and Acquired (at End of Treatment; EoT) in patients 
treated with monotherapy atebimetinib. For ease of display, newly detected variants are visualized when present in ≥5% or co-occur with 
a new RAS alteration. Newly detected variants showed little evidence of systematic early selection for canonical RAS/MAPK resistance, 
and acquired mutations were variable rather than converging on RAS/MAPK pathway reactivation often seen with chronic RAS inhibition.

Newly detected on-treatment variants were infrequent overall and showed little evidence of systematic early enrichment for canonical 
RAS/MAPK resistance alterations. Acquired events at EoT were limited and heterogeneous across patients, rather than converging on 
recurrent pathway-reactivating mechanisms often associated with chronic pathway RAS/MAPK pathway blockade, consistent with the 
hypothesis that atebimetinib-based combination therapy may help blunt early molecular escape.

Emergent/acquired ctDNA alterations detected following atebimetinib treatment were analyzed by disease and treatment setting to 
identify pathway-level patterns of resistance evolution. Across cohorts, pathway enrichment was limited and heterogeneous, with signals 
skewing toward cell cycle/DDR and other non-RAS/MAPK biology rather than recurrent canonical pathway reactivation. These results are 
consistent with a diffuse resistance landscape that does not converge on a dominant RAS/MAPK pathway-restoring mechanism.

Conventional: chronic RAS-targeted monotherapy Atebimetinib (MEK DCI): limited canonical escape
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Pathway enrichment post-atebimetinib (Figure 3)
• Enriched: cell-cycle/DDR, stress pathways (heterogeneous)
• Resistance mechanism(s): diffuse, non-RAS/MAPK

Implication: Deep Cyclic Inhibition (DCI) of MEK preserves opportunity for optimized combinations

Mutant-selective 
RASi or RAFi Immunotherapy Chemotherapy Targeted RTKs Radiotherapy

✚
Atebimetinib (DCI)Atebimetinib ctDNA Emergent Alteration Profiles & Pathway Enrichment

The authors would like to acknowledge all participating investigators, patients and caregivers.


