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Clinical Question Box
What is the emerging role of direct RAS-targeted therapy in pancreatic ductal adenocarcinoma?

Direct RAS targeting has progressed from proof of concept to phase III clinical valida-
tion in pancreatic ductal adenocarcinoma. Daraxonrasib has demonstrated a survival benefit
over chemotherapy in previously treated metastatic disease, while multiple KRAS G12D-
selective inhibitors and degraders are undergoing randomized evaluation in earlier treatment
settings. Molecular profiling is therefore becoming increasingly important for treatment selection,
although the optimal sequencing of allele-specific, multi-selective, degradative, and combination
strategies remains to be defined.

Abstract

Pancreatic ductal adenocarcinoma (PDAC) is driven by oncogenic RAS signaling in more than 90%
of tumors, most commonly through KRAS mutations, yet direct pharmacologic inhibition of this
dominant oncogenic driver remained elusive for decades. KRAS G12C inhibitors first established
the clinical druggability of mutant KRAS, although the low prevalence of this allele limits their
applicability to the broader PDAC population. The therapeutic landscape has subsequently expanded
to include KRAS G12D-selective inhibitors, multi-selective active-state RAS [RAS(ON)] inhibitors,
targeted protein degraders, and mechanism-based combination strategies. Most notably, daraxonrasib
(RMC-6236) has provided randomized phase III validation of direct RAS inhibition. In RASolute 302,
500 patients with previously treated metastatic PDAC were randomized to receive either daraxonrasib
or investigator-choice chemotherapy. In the prespecified RAS G12 population, median overall survival
was 13.2 versus 6.6 months (hazard ratio, 0.40), and median progression-free survival was 7.3
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versus 3.5 months (hazard ratio, 0.45). In parallel, KRAS G12D-directed inhibitors and degraders
are advancing into randomized first-line and later-line studies, broadening the potential reach of
RAS-targeted therapy. However, therapeutic resistance remains a major challenge and may arise
through KRAS amplification, mitogen-activated protein kinase (MAPK) or phosphoinositide 3-
kinase (PI3K) pathway reactivation, receptor tyrosine kinase signaling, phenotypic plasticity, and
tumor-microenvironmental remodeling. These observations have prompted rational combination
strategies designed to deepen pathway suppression, prevent adaptive signaling, and exploit treatment-
induced vulnerabilities. This review summarizes the biological rationale and evolving clinical evidence
for RAS-directed therapy in PDAC, examines emerging mechanisms of resistance and combination
approaches, and discusses the molecular-testing requirements and clinical considerations that will
shape its integration into routine PDAC management.

Keywords: Pancreatic ductal adenocarcinoma, PDAC, KRAS G12D, RAS(ON), daraxonrasib,
targeted therapy

Introduction

Pancreatic ductal adenocarcinoma (PDAC) remains one of the most lethal solid malignancies, with
mortality closely approaching incidence.1 The Global Cancer Observatory 2024 estimated 531,318 new
pancreatic cancer cases and 490,786 deaths worldwide, ranking pancreatic cancer 11th in incidence
but sixth in cancer mortality and accounting for 5.0% of all cancer deaths.2 Although survival has
improved over time, the 5-year survival rate remains only 3% for distant-stage disease, which accounts
for more than half of all diagnoses.3 This disproportionate mortality burden underscores the need for
more effective systemic therapy, particularly in metastatic disease.4

Oncogenic RAS-pathway activation is a defining molecular feature of PDAC. Activating RAS
mutations occur in more than 90% of tumors, predominantly as KRAS codon 12 variants.5 The
historical difficulty of pharmacologically targeting RAS made KRAS a central but long-elusive
therapeutic target. KRAS G12C inhibitors provided the first clinical proof that mutant KRAS is
directly druggable; however, KRAS G12C occurs in only approximately 1–2% of PDACs, substantially
limiting the population-level impact of this approach.6 Development has therefore shifted toward the
more prevalent KRAS G12D allele, multi-selective RAS(ON) inhibition, targeted protein degradation,
and rational combinations.7,8 The phase III RASolute 302 trial has now moved this field beyond
proof of concept by demonstrating a survival benefit with daraxonrasib over investigator-choice
chemotherapy in previously treated metastatic PDAC.9

Accordingly, the central clinical question is no longer whether RAS can be targeted, but how
different RAS-directed strategies should be deployed across molecular subgroups and treatment
settings. The emerging therapeutic spectrum spans allele-specific inhibition, active-state multi-selective
blockade, and targeted degradation, with distinct implications for molecular selection, depth and
breadth of pathway suppression, and resistance.10,11 This review examines the pharmacologic basis
and clinical evidence for direct RAS/KRAS targeting in PDAC, together with combination strategies,
resistance mechanisms, and translational requirements for integration into routine care.

RAS(ON)/RAS(OFF) Pharmacology

RAS proteins function as molecular switches that cycle between inactive guanosine diphosphate
(GDP)-bound and active guanosine triphosphate (GTP)-bound states. Following receptor tyrosine
kinase (RTK) activation, son of sevenless (SOS)-family guanine nucleotide exchange factors facilitate
nucleotide exchange and promote GTP loading, whereas GTPase-activating proteins (GAPs) accel-
erate GTP hydrolysis, returning RAS to its inactive GDP-bound state (Fig. 1).12 Oncogenic KRAS
substitutions, particularly at codon 12, impair intrinsic and GTPase-activating protein–stimulated
GTP hydrolysis, shifting KRAS toward the active GTP-bound state and sustaining downstream
signaling through major effector pathways, including RAF–mitogen-activated protein kinase kinase
(MEK)–extracellular signal-regulated kinase (ERK) and phosphoinositide 3-kinase (PI3K)–protein
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kinase B (AKT)–mechanistic target of rapamycin (mTOR).13 In PDAC, sustained RAS signaling
promotes proliferation, survival, metabolic adaptation, stromal remodeling, and immune evasion.
KRAS G12D, G12V, and G12R are the predominant variants, whereas G12C accounts for only a
small minority of pancreatic cancers.14,15

Figure 1. RAS signaling and direct targeting strategies in PDAC.

KRAS was historically considered “undruggable” because of its high affinity for guanine
nucleotides, limited druggable surface pockets, conformational dynamics of the switch regions, and
adaptive signaling networks.16 The development of covalent KRAS G12C inhibitors established that
mutation- and conformation-dependent pockets could nevertheless be pharmacologically exploited.17

However, common PDAC-associated variants such as G12D lack the reactive cysteine required for
G12C-directed covalent inhibition, prompting the development of alternative allele-specific inhibitors,
multi-selective RAS inhibitors, and targeted degraders.18

These approaches differ fundamentally in how they engage the RAS signaling cycle. RAS(OFF)
inhibitors preferentially bind the inactive GDP-bound state and therefore depend on nucleotide
cycling to generate a drug-accessible RAS pool.19 Adaptive activation of receptor tyrosine kinase
(RTK)–SOS signaling can increase RAS–GTP loading and reactivate mitogen-activated protein kinase
(MAPK) signaling, in part through compensatory activation of wild-type RAS isoforms. In contrast,
RAS(ON) inhibitors directly engage signaling-competent, GTP-bound RAS.20 Daraxonrasib (RMC-
6236) is a multi-selective RAS(ON) inhibitor that forms a noncovalent tri-complex with RAS–GTP
and cyclophilin A.21 This interaction creates a composite, drug-induced binding interface involving
the RAS switch regions and sterically blocks RAS–effector interactions, thereby suppressing signaling
from multiple mutant and wild-type RAS proteins. Such multi-selective inhibition may be particularly
relevant in PDAC by reducing dependence on a single KRAS allele and potentially limiting bypass
signaling through other RAS proteins.

Targeted protein degradation represents a mechanistically distinct strategy. Rather than relying on
sustained target occupancy, bifunctional degraders recruit an E3 ubiquitin ligase to mutant KRAS,
promoting formation of a KRAS–degrader–E3 ligase ternary complex, ubiquitination of KRAS, and
subsequent proteasomal degradation.22 For example, the KRAS G12D-selective degrader ASP3082
recruits von Hippel–Lindau (VHL) and removes KRAS G12D protein, producing sustained suppres-
sion of downstream ERK, AKT, and S6 signaling in preclinical PDAC models.23 This event-driven
mechanism may provide more durable pathway suppression than conventional occupancy-based
inhibition, although its clinical advantages remain to be established.
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Evolution of Direct RAS/KRAS-Targeted Therapies

Clinical validation of direct KRAS inhibition in PDAC began with the rare KRAS G12C allele.
Sotorasib and adagrasib produced objective responses in previously treated KRAS G12C-mutant
PDAC, establishing proof of druggability.24,25 However, because KRAS G12C accounts for only
approximately 1–2% of pancreatic cancers, development rapidly shifted toward the much more
prevalent G12D allele.5

KRAS G12D has become the major allele-specific focus. MRTX1133 provided preclinical proof of
principle for potent, selective, noncovalent G12D inhibition and entered first-in-human development,
although that program did not progress to phase II.26,27 The current pipeline is mechanistically diverse:
zoldonrasib is a G12D-selective RAS(ON) inhibitor, whereas GFH375/VS-7375 and INCB161734
engage both active and inactive G12D states.28,29 HRS-4642 uses intravenous liposomal delivery to
enhance tumor exposure and has shown clinical activity with gemcitabine/nab-paclitaxel.30 Several of
these agents have already entered randomized phase III evaluation.

Targeted protein degradation provides a mechanistically distinct G12D strategy. Setidegrasib
(ASP3082) recruits an E3 ubiquitin ligase to KRAS G12D, promoting proteasomal elimination
rather than continuous inhibitor occupancy. First-in-human data demonstrated target degradation
and antitumor activity in KRAS G12D-mutant solid tumors, including PDAC, and setidegrasib has
progressed to randomized phase III evaluation with modified fluorouracil, leucovorin, irinotecan,
and oxaliplatin (mFOLFIRINOX) or liposomal irinotecan, oxaliplatin, leucovorin, and fluorouracil
(NALIRIFOX) as first-line therapy.31,32 This approach extends direct KRAS therapy from state-
selective inhibition to event-driven elimination of the mutant protein.

Multi-selective RAS(ON) inhibition represents a broader strategy. Daraxonrasib targets signaling-
competent RAS–GTP across multiple oncogenic variants and wild-type RAS through a cyclophilin
A-dependent tri-complex mechanism.21 Its phase III success in RASolute 302 established the first
randomized survival benefit for direct RAS inhibition in previously treated metastatic PDAC.9

Daraxonrasib is now being evaluated in first-line metastatic and post-resection settings. Collectively,
the field has progressed from rare-allele inhibition to common-allele targeting, targeted degradation,
and broader RAS blockade; the key issue is now how best to match the breadth and durability of RAS
suppression to PDAC biology (Fig. 2).

Figure 2. Development timeline of direct RAS-targeted therapeutic strategies in PDAC.

Clinical Evidence of RAS/KRAS-Targeted Therapy in PDAC

Clinical evidence for direct RAS targeting now ranges from early-phase, single-arm cohorts and
conference reports to randomized phase III trials. Because studies differ in line of therapy, molecular
eligibility, prior treatment, dose, evaluable population, response confirmation, and follow-up, cross-
trial numerical comparisons are potentially misleading. Objective response rate (ORR) can identify
antitumor activity but should not be treated as a surrogate for progression-free survival (PFS) or
overall survival (OS) across agents or settings.33 Randomized time-to-event evidence should therefore
be interpreted separately from preliminary single-arm signals (Table 1).
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In KRAS G12C-mutant PDAC, sotorasib and adagrasib provided the first clinical proof of
principle that direct KRAS inhibition could induce tumor regression. In the CodeBreaK 100 cohort,
sotorasib produced a confirmed ORR of 21% among 38 previously treated patients, with median
PFS and OS of 4.0 and 6.9 months, respectively.24 Adagrasib subsequently demonstrated a confirmed
ORR of 33.3% among 21 patients with PDAC, with median PFS of 5.4 months and median OS of
8.0 months.25 These studies established the clinical tractability of direct KRAS inhibition in PDAC,
although their population-level applicability is limited by the rarity of KRAS G12C in this disease.

Daraxonrasib generated the most mature early-phase evidence for direct RAS inhibition in PDAC.
In the phase I/II study, 168 patients with previously treated RAS-mutated PDAC received doses up to
300 mg once daily.34 Among 26 second-line patients with RAS G12 mutations treated at the selected
300-mg dose, the objective response rate (ORR) was 35%, median duration of response was 8.2 months,
median progression-free survival (PFS) was 8.5 months, and median overall survival (OS) was 13.1
months; grade ≥3 treatment-related adverse events occurred in approximately 30%.35 These findings
demonstrated clinically meaningful and durable antitumor activity with a manageable safety profile
and supported randomized evaluation of the 300-mg once-daily regimen.

Randomized validation occurred in the international, open-label, phase III RASolute 302 trial,
which assigned 500 patients with previously treated metastatic PDAC to either daraxonrasib or
investigator-choice chemotherapy.9 In the prespecified RAS G12 population, both primary endpoints
were significantly improved with daraxonrasib: median OS was 13.2 versus 6.6 months (hazard ratio
[HR], 0.40), and median PFS was 7.3 versus 3.5 months (HR, 0.45).9 The ORR was also higher with
daraxonrasib (33.2% vs 11.8%). These benefits were accompanied by a more favorable treatment-
discontinuation profile relative to chemotherapy, further supporting the clinical relevance of direct
RAS inhibition. However, because 91.8% of randomized patients harbored RAS G12 mutations, the
positive overall-population analysis should not be interpreted as establishing equivalent efficacy in
the small subgroup with non-G12 or no identified RAS alterations. RASolute 302 therefore provides
the first randomized phase III evidence that multi-selective RAS inhibition can translate early-phase
response activity into a substantial survival benefit in previously treated metastatic PDAC.

Clinical development of KRAS G12D-directed therapy has also accelerated, although most evi-
dence remains nonrandomized. Initial phase I data with zoldonrasib (RMC-9805), a G12D-selective
RAS(ON) inhibitor, showed an ORR of approximately 30% and a disease-control rate of 80% in
previously treated KRAS G12D-mutant PDAC.35 More recent combination data presented at the 2026
European Society for Medical Oncology (ESMO) Gastrointestinal Cancers Congress showed ORRs of
82% with zoldonrasib plus modified FOLFIRINOX and 61% with zoldonrasib plus gemcitabine/nab-
paclitaxel in the first-line setting, with disease-control rates of 96% and 90%, respectively.36 In a
separate study of zoldonrasib plus daraxonrasib, the second-line cohort (n = 30) had an ORR of 50%
and a median PFS of 9.6 months, whereas the third-line-or-later cohort (n = 30) had an ORR of 47%
and a median PFS of 7.6 months.37 These combination results are clinically encouraging but remain
preliminary, nonrandomized, and unsuitable for cross-trial comparison with phase III data.

Other G12D-selective inhibitors have also demonstrated early clinical activity. Updated data for
GFH375/VS-7375, which targets both the GDP- and GTP-bound states of KRAS G12D, showed
an ORR of 41%, a disease-control rate of 97%, and a 3-month PFS rate of 83% in previously
treated PDAC, although follow-up remained relatively short.38 Similarly, INCB161734 produced
an ORR of 37% and a disease-control rate of 78% among 41 evaluable patients treated with the
recommended 1,200-mg once-daily dose; duration of response and PFS estimates remained immature
at the time of the reported analysis.39 These findings further establish the pharmacologic tractability
of KRAS G12D but should remain classified as early-phase evidence pending mature survival data
and randomized confirmation.

HRS-4642 provides peer-reviewed evidence for combining direct G12D inhibition with chemother-
apy. In a phase Ib/II study, 31 patients with advanced KRAS G12D-mutant PDAC were treated with
HRS-4642 plus gemcitabine and nab-paclitaxel, including 30 treatment-naïve patients evaluated in
the phase II population. At a median follow-up of 12.3 months, the confirmed ORR among these 30
patients was 63.3% (95% confidence interval [CI], 43.9–80.1).30 Grade ≥3 treatment-related adverse
events occurred in 90.3% of patients and were predominantly hematologic toxicities consistent with the
chemotherapy backbone; no treatment-related adverse event resulted in treatment discontinuation or
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death. Although the response rate is notable, the small, single-arm cohort and the use of concomitant
chemotherapy preclude attribution of the observed efficacy to HRS-4642 alone.

Targeted protein degradation has also generated clinical proof of concept. In the first-in-human
study of setidegrasib (ASP3082), 21 patients with metastatic KRAS G12D-mutant PDAC received the
selected 600-mg weekly dose. The ORR was 24%, with a median PFS of 3.0 months and a median
OS of 10.3 months.31 These data demonstrate that pharmacologic degradation of mutant KRAS can
translate into measurable clinical antitumor activity, although the magnitude and durability of benefit
require confirmation in larger, randomized studies.

KRAS G12D-Directed Therapy

KRAS G12D is the most common KRAS substitution in PDAC, occurring in approximately 40% of
cases, and therefore represents a substantially broader therapeutic opportunity than KRAS G12C.31

The G12D pipeline is mechanistically diverse, encompassing active-state RAS(ON) inhibition, dual
ON/OFF-state inhibition, noncovalent small-molecule inhibition, and targeted protein degradation.
These approaches differ in how they engage or eliminate mutant KRAS and may consequently have
distinct requirements for target exposure, combination therapy, toxicity management, and strategies
to prevent or overcome adaptive resistance.

Early clinical studies have demonstrated antitumor activity with zoldonrasib, HRS-4642,
GFH375/VS-7375, INCB161734, and setidegrasib.35,36,40–42 However, the available evidence remains
heterogeneous with respect to trial design, treatment setting, dose, combination partner, and duration
of follow-up, precluding meaningful cross-trial comparisons of response rates. In particular, responses
observed with first-line chemotherapy combinations cannot be attributed to the KRAS-directed agent
alone, whereas later-line monotherapy cohorts remain relatively small. Nevertheless, the consistency
of early activity across mechanistically distinct agents provides clinical evidence that KRAS G12D is
a tractable therapeutic target in PDAC.

Development has now progressed rapidly into randomized phase III testing (Table 2). Zoldonrasib,
INCB161734, setidegrasib, and HRS-4642 are being evaluated in combination with chemotherapy
in previously untreated metastatic disease, testing whether G12D-directed therapy can deepen and
prolong the benefit of established first-line regimens.28,29,43–46 In parallel, GFH375 and DN022150
are being compared directly with investigator-choice chemotherapy after prior treatment, addressing
whether selective G12D inhibition can replace cytotoxic therapy in the later-line setting. This parallel
development strategy should help define not only whether KRAS G12D targeting improves outcomes
but also where it should be positioned in the treatment sequence.

Accordingly, the central question is no longer whether KRAS G12D is pharmacologically drug-
gable, but which modality provides the most favorable balance of efficacy, durability, tolerability, and
resistance control in each clinical setting. Mature progression-free survival and overall survival data,
together with molecular analyses of acquired resistance, will be required to establish the relative clinical
roles of these approaches; early objective response rates alone are unlikely to define a therapeutic
hierarchy.

Resistance to Direct RAS-Targeted Therapy

Resistance is emerging as a major determinant of the durability of direct RAS-targeted therapy in
PDAC and appears to be both heterogeneous and inhibitor dependent. In KRAS G12C-mutant PDAC
treated with sotorasib or adagrasib, acquired alterations have included KRAS and PIK3CA mutations,
as well as amplification of KRAS G12C, MYC, MET, epidermal growth factor receptor (EGFR), and
cyclin-dependent kinase 6 (CDK6).47 More recent clinical data with daraxonrasib provide a distinct
resistance profile. Among 44 patients with paired pretreatment and end-of-treatment circulating
tumor DNA (ctDNA), treatment-emergent alterations in RAS-related signaling were detected in 59%,
including mutant KRAS amplification in 36%, MAPK-pathway alterations in 25%, receptor tyrosine
kinase alterations in 9%, and PI3K-pathway alterations in 9%.48 Notably, no acquired secondary
KRAS mutations were identified, suggesting that resistance to multi-selective RAS(ON) inhibition
may rely more heavily on increased RAS dosage and pathway reactivation than on the secondary target
mutations observed with some mutant-selective KRAS inhibitors.48
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Nongenetic resistance adds further complexity. Preclinical PDAC models exposed to the KRAS
G12D inhibitor MRTX1133 have linked resistance to PI3K–AKT–mTOR activation, epithelial-to-
mesenchymal transition, genomic amplification of Kras, Yap1, Myc, and Cdk6, and co-evolving
transcriptional programs.47 However, cell-state effects are context dependent rather than uniformly
mesenchymal. Independent lineage-tracing studies have demonstrated that KRAS inhibition can
rapidly enrich a relatively resistant classical epithelial state, which subsequently serves as a reservoir
for tumor relapse.49 Together, these findings suggest that phenotypic plasticity, rather than a single
resistant transcriptional state, enables PDAC cells to adapt to sustained RAS suppression.48

Recent work has also identified a tumor-microenvironmental resistance mechanism. In PDAC
models, KRAS G12D inhibition initially increased immune infiltration, whereas prolonged treatment
was followed by loss of this immune-permissive state and the emergence of cyclin-dependent kinase
8 (CDK8)-mediated resistance.50 CDK8 promoted C–X–C motif chemokine ligand 2 (CXCL2)
secretion, suppressed FAS expression, and remodeled the tumor microenvironment toward immune
evasion. Importantly, increased CDK8 expression was also observed in patient-derived xenografts
resistant to both daraxonrasib and zoldonrasib, suggesting a potentially shared resistance node across
allele-specific and multi-selective RAS(ON) inhibition.50 Pharmacologic inhibition of CDK8 or C-X-
C motif chemokine receptor 2 (CXCR2) delayed resistance in preclinical models, and CDK8 inhibition
restored sensitivity to cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) blockade in established
resistant tumors; these strategies, however, remain preclinical.50

A clinically useful framework is to distinguish target-level resistance (for example, mutant KRAS
amplification or secondary KRAS alterations), pathway reactivation or bypass through RTK–
MAPK or PI3K signaling, and nongenetic escape mediated by cell-state plasticity or the tumor
microenvironment (Fig. 3).48,50 These mechanisms may coexist within the same patient. ctDNA is well
suited to detecting emerging genomic alterations but cannot fully characterize transcriptional state or
microenvironmental remodeling. Therefore, translational studies should, when feasible, complement
longitudinal ctDNA with paired tissue analyses incorporating RNA, protein, or spatial profiling to
distinguish genomic pathway reactivation from phenotypic or microenvironmental adaptation.48,50

Figure 3. Resistance to direct RAS-targeted therapy in PDAC.

The heterogeneity of resistance also argues against a universal salvage combination. In
daraxonrasib-resistant preclinical models, resistance mechanisms informed combinations targeting
receptor tyrosine kinases, DNA-damage response pathways, or complementary RAS dependencies,
including combined treatment with daraxonrasib and zoldonrasib.48 These observations favor a
resistance-informed approach rather than empiric pathway intensification. Future trials should
incorporate longitudinal molecular sampling and prospectively test whether resistance biomarkers
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can guide combination or sequential therapy. Ultimately, defining the mechanisms present before
treatment, during response, and at progression may be as important as identifying the initial RAS
mutation itself for optimizing the durability of RAS-directed therapy.

Combination Strategies

Combination therapy is likely to be central to improving the depth and durability of RAS-targeted
therapy in PDAC. Adaptive pathway reactivation, increased RAS signaling, parallel survival depen-
dencies, and tumor-microenvironmental remodeling can all limit sustained responses to monotherapy.
Recent resistance studies therefore favor a mechanism-driven approach in which combination partners
are selected to suppress recurrent RAS signaling, exploit vulnerabilities induced by RAS inhibition,
or intercept specific bypass mechanisms, rather than simply adding nonspecific cytotoxicity.48

Chemotherapy combinations are the most clinically advanced strategy. Early studies of HRS-4642
plus gemcitabine/nab-paclitaxel and zoldonrasib plus either mFOLFIRINOX or gemcitabine/nab-
paclitaxel have shown encouraging first-line activity, but their single-arm designs prevent isolation of
the targeted agents’ contributions.30 Multiple randomized phase III programs are therefore evaluating
RAS- or KRAS-directed agents with contemporary chemotherapy backbones, including daraxon-
rasib, zoldonrasib, INCB161734, setidegrasib, and HRS-4642. These studies will determine whether
targeted therapy should augment, rather than replace, first-line cytotoxic therapy.

Paired ctDNA analyses from patients progressing on daraxonrasib identified mutant KRAS ampli-
fication and alterations in RTK, MAPK, and PI3K signaling as recurrent mechanisms of acquired
resistance, with selected mechanisms subsequently validated in preclinical PDAC models.51 These
findings supported combinations with RTK-directed therapies, DNA-damage response inhibitors,
and intensified direct RAS blockade. Daraxonrasib increased surface human epidermal growth
factor receptor 2 (HER2) expression in some PDAC models and showed enhanced activity with
trastuzumab deruxtecan, whereas EGFR/MET targeting with amivantamab prolonged tumor control
in RTK-dependent models.48 The combination of daraxonrasib and zoldonrasib produced deeper
and more durable RAS-pathway suppression preclinically and has shown preliminary clinical activity
in previously treated KRAS G12D-mutant PDAC.37 Together, these observations favor biomarker-
directed combinations over a universal vertical-pathway doublet.

RAS inhibition may also create therapeutic vulnerabilities outside the canonical MAPK pathway.
KRAS G12D inhibition has been shown to suppress homologous-recombination repair proteins,
including BRCA1, RAD51, and RPA32, thereby sensitizing PDAC models to poly(ADP-ribose) poly-
merase (PARP) inhibition. MRTX1133 plus olaparib produced synergistic activity and durable tumor
regression, including in models resistant to KRAS G12D inhibition.52 Separately, daraxonrasib-
resistant models with KRAS amplification demonstrated increased dependence on DNA-damage
response pathways, providing additional rationale for targeting the ataxia telangiectasia and
Rad3-related protein (ATR)–checkpoint kinase 1 (CHK1)–WEE1 axis.48 These approaches remain
preclinical but illustrate how RAS suppression may generate actionable collateral vulnerabilities.

Immunotherapy combinations have gained a more specific mechanistic rationale. KRAS inhibi-
tion can transiently increase T-cell infiltration, but this immune-permissive state may not persist.
Preclinical studies showed that MRTX1133 or daraxonrasib sensitized PDAC to CTLA-4 blockade,
with regulatory T-cell reprogramming, reversal of cluster of differentiation 8 (CD8)-positive T-cell
exhaustion, and formation of functional tertiary lymphoid structures; comparable benefit was not
observed with programmed cell death protein 1 (PD-1), T-cell immunoglobulin and mucin domain-
containing 3 (TIM-3), lymphocyte activation gene 3 (LAG-3), V-domain immunoglobulin suppressor
of T-cell activation (VISTA), or tumor necrosis factor receptor superfamily member 9 (4-1BB/CD137)-
directed combinations in the same models.53 CDK8-mediated CXCL2 induction and FAS suppression
also contributed to immune escape during prolonged KRAS inhibition, whereas CDK8 inhibition
restored antitumor activity and enhanced CTLA-4 blockade in resistant models.50 These data argue
for mechanism- and context-specific immunotherapy combinations rather than empiric checkpoint
blockade. Related clinical experience in PDAC also supports targeting the immunosuppressive
microenvironment: a phase I/II neoadjuvant study of the CCR2/5 inhibitor BMS-813160 plus
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nivolumab and gemcitabine/nab-paclitaxel reported reduced intratumoral monocytes/macrophages
and enhanced T-cell activation, although larger studies are needed to define clinical benefit.54

Future Directions

Clinical implementation of RAS-directed therapy will require reliable and increasingly comprehensive
molecular profiling. Tissue-based next-generation sequencing remains the principal approach, while
ctDNA can complement tissue testing when material is limited, rapid genotyping is needed, or serial
monitoring is desirable.55,56 Plasma and tissue assays are not interchangeable in PDAC, however,
because low ctDNA shedding can reduce the sensitivity of a negative plasma result. As therapy expands
from allele-specific inhibitors to broader RAS-directed strategies, clinically relevant profiling may
need to extend beyond KRAS variant identification to include co-mutations, allele dosage, clonality,
and competing oncogenic drivers. Serial ctDNA may also provide pharmacodynamic and resistance
information, but prospective validation is required before molecular clearance, persistence, or re-
emergence can routinely guide treatment decisions.48 Accordingly, baseline molecular profiling used
to identify actionable alterations for treatment selection should be distinguished from serial ctDNA
monitoring of treatment response or emerging resistance, which remains investigational and is not
currently established as a standard-of-care decision tool in PDAC.

The therapeutic landscape is simultaneously moving from later-line proof-of-concept studies to
randomized testing across the disease continuum (Table 2). Daraxonrasib currently provides the most
mature phase III evidence in previously treated metastatic PDAC.9 Ongoing studies are evaluating
first-line combinations, later-line targeted monotherapy, and post-resection therapy. Their results will
determine whether RAS-directed treatment is best used to augment chemotherapy, replace cytotoxic
therapy after progression, or suppress residual disease after curative-intent treatment. Importantly,
early-phase ORR should not be assumed to predict survival benefit, and comparisons across strategies
must account for toxicity, treatment exposure, molecular selection, and resistance biology.

Future trials should therefore prioritize biomarker-rich randomized designs rather than efficacy
endpoints alone. Prespecified baseline and progression tissue, serial ctDNA, pharmacodynamic mea-
sures of RAS-MAPK suppression, and standardized post-progression treatment data will be essential
for linking clinical outcome to mechanism.56 Such datasets may clarify whether early molecular
response predicts durable benefit, whether resistance differs by drug class, and whether sequential use
of allele-specific and multi-selective RAS inhibitors is biologically rational.57,58 The central challenge
is to convert an expanding portfolio of active agents into a durable, evidence-based, and clinically
implementable treatment algorithm.

Conclusions

Direct RAS targeting in PDAC has progressed from proof of concept to phase III validation, with
daraxonrasib demonstrating a survival benefit in previously treated metastatic disease and multi-
ple G12D-selective inhibitors and degraders advancing through randomized trials. The remaining
challenge is to define optimal sequencing and combination strategies across molecular and clinical
settings. Biomarker-driven trials incorporating mature survival endpoints and longitudinal tissue
and circulating tumor DNA profiling will be essential to translate RAS druggability into durable,
molecularly stratified treatment algorithms for PDAC.
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