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ABSTRACT 
 
Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive lethal malignancy due to lack of early diag-
nosis, rapid progression, and limited response to treatment. It accounts for more than 90% of pancreatic cancer 
cases. It was discovered that about 85% of these patients harbor mutations in the Kirsten Rat Sarcoma viral 
oncogene homolog (KRAS) gene. These findings position the KRAS gene as the primary target for PDAC 
inhibitor development. Furthermore, the KRAS gene can also be used as a hallmark for diagnosis and an indi-
cator of the prognosis for PDAC. In this review, the recent advancements in understanding the molecular basis 
of PDAC, treatment strategies, as well as clinical trials in progress are thoroughly evaluated through a review 
of the literature and a comparison of clinical trial outcomes.  
 

Introduction 
 
Pancreatic cancer is one of the most lethal forms of cancer, with a 5-year survival rate of only 9% (Ryan et al., 
2014). In 2023, approximately 64,050 patients will be diagnosed with pancreatic cancer in the USA, and ap-
proximately 50,550 will succumb to the disease (Siegel et al., 2023). Around 85% of pancreatic cancers are 
Pancreatic ductal adenocarcinoma (PDAC). The onset of PDAC is closely related to mutations in four proteins, 
with their prevalence in PDAC patients indicated below: KRAS (~85%), Tumor protein 53 (TP53, 60–70%), 
cyclin-dependent kinase inhibitor 2A (CDKN2A, >50%), and suppressor of mothers against decapentaplegic 
homolog 4 (SMAD4, ~50%) (Luo, 2021). Genetic analysis of clinical specimens indicates that KRAS mutation 
is an early event present in stage 1 pancreatic intraepithelial neoplasia (PanIN). Acquisition of mutations in 
CDKN2A, TP53, and SMAD4 are associated with PanIN progression and the development of invasive PDAC. 
The high prevalence of KRAS mutation in PDAC suggests that the RAS signaling pathway is a key oncogenic 
driver of PDAC development. KRAS, therefore, is a prime target for PDAC treatment. In this review, the recent 
advancements in understanding the molecular basis of PDAC, treatment strategies, as well as clinical trials in 
progress are thoroughly evaluated through a review of the literature and a comparison of clinical trial outcomes.  

The RAS family of GTPases is encoded by three ubiquitously expressed genes, HRAS, KRAS, and 
NRAS, that share significant sequence homology. The GTPase cycles between GTP-loaded ‘on’ (active) and 
GDP-loaded ‘off’ (inactive) states via reactions catalyzed by RAS-guanine exchange factor (RAS-GEF) and 
RAS-GTPase activating enzymes (RAS-GAPs) (Gimple & Wang, 2019), as illustrated in Figure 1. The RAS-
GEF converts RAS from an inactive GDP-bound state to an active GTP-bound state, while the RAS-GTPase 
reverts the activated RAS to the GDP-bound, inactive state (Bos et al., 2007). The KRAS molecules are acti-
vated by cellular receptors, including receptor tyrosine kinases (RTK), G-protein coupled receptors (GPCRs), 
and integrin family members (Gimple & Wang, 2019). The activated cellular receptors recruit the molecular 
scaffolding protein Growth Factor Receptor Bound Protein 2 (GRB2), which in turn recruits the RAS-GEF 
SOS1 and converts RAS to the active form. SHP2, a cytosolic protein-tyrosine phosphatase, activates the SOS1-
regulated RAS-GTP loading (Nichols et al., 2018).  
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Following activation, RAS can lead to a series of downstream cellular effects that promote cancer 
development including oncogenic transcription, cell cycle progression, cellular survival, cell growth and me-
tabolism, and cell motility and migration (Gimple & Wang, 2019). First, RAS activates the mitogen-activated 
protein kinase (MAPK) pathway defined by a RAF-MEK-ERK signaling axis (Figure 1). This pathway acti-
vates transcription factors (FOS, JUN, ETS, MYC) that support cell proliferation and survival. Second, RAS 
signals through the PI3K-AKT pathway, which activates transcription factor NF-κB, inhibits the pro-apoptotic 
enzyme BAD, and promotes cell growth and metabolism through mTOR. Third, activation of the TIAM1-Rac 
pathway drives cell motility and migration (Figure 1). KRAS can also promote transcription by synergistic 
actions with the Wnt-Catenin signaling pathway (Jeong et al., 2018).  In normal cells, RAS receives signals and 
obeys those signals to rapidly switch between the active (GTP) form and the inactive (GDP form) states. RAS 
signaling in normal cells plays a critical role in cell growth, proliferation, and metabolism. However, in cancer 
cells, the mutated RAS remains activated (GTP-bound), leading to uncontrolled cell proliferation.  
 

 
 
Figure 1. The RAS signaling pathway. Adapted from Gimple & Wang, 2019. Activation of the Ras signaling 
cascade and downstream efforts lead to increased transcription, cell growth, metabolism, motility, and migra-
tion. GPCR: G protein-coupled receptors, RTK: receptor tyrosine kinase 
 

The RAS signaling cascade is highly regulated by post-translational modifications. Modifications in-
cluding the conjugation of a farnesyl group (farnesylation), a fatty acid such as palmitic acid (palmitoylation), 
a single ubiquitin molecule (mono-ubiquitination), and dimerization promote membrane localization, activa-
tion, and efficient downstream signaling of the RAS molecule (Swarthout et al., 2005, Ambrogio et al., 2018). 
On the other hand, modifications including di-ubiquitination, where two ubiquitin monomers are covalently 
linked through an isopeptide bond, and acetylation, where an acetyl group is attached, have been shown to 
reduce RAS signaling activity (Yang et al., 2013).  
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The Role of RAS in PDAC Cancer Development, Progression and Metasta-
sis  
 
In PDAC patients, the activated RAS not only provides the genetic basis for tumorigenesis but also plays a 
critical role in tumor progression, and metastasis. RAS signaling pathway also modulates the interaction of 
cancer cells with the surrounding immunology microenvironment, which further sustains tumor growth and 
progression. The role of RAS in PDAC development, progression, and metastasis is elaborated below and sum-
marized in Figure 2.  
 

 
 
Figure 2. The role of the RAS signaling pathway in cancer development, progression, and metastasis is elabo-
rated. Adapted from Gimple & Wang, 2019. The activated RAS promotes anchorage-independent cell growth 
through enhanced nutrient utilization and the production of reactive oxygen species from cancer cells; the acti-
vated RAS increases tumor metastasis by increasing the expression of TGF-β and reducing the expression of 
kinase inhibitor protein and serine/threonine kinase 11. The activated RAS modulates the surrounding immune 
micro-environment of cancer cells, making them less vulnerable to immunosuppression. The pre-inflammatory 
microenvironment, induced by the increased expression of IL-7, IL-8, and VEGF, further promotes tumor de-
velopment and progression. 
 
RAS in PDAC Tumorigenesis 
 
The Cancer Genome Atlas (TCGA) project identified the receptor tyrosine kinase (RTK) -RAS signaling path-
way as the most frequently altered oncogenic network in cancer (Sanchez-Vega et al., 2018). RAS mutations 
contribute to 20–30% of all human cancers. KRAS mutations are exceedingly common in pancreatic adenocar-
cinomas and colorectal cancers, with about 90% and 37% of patients bearing these mutations, respectively 
(Waddell et al., 2015; Markowitz and Bertagnolli 2009).  

For PDAC patients, over 90% of the KRAS mutations result in amino acid substitutions at codon 12 
(Cerami et al., 2012). The three common amino acid substitutions, G12D, G12R, and G12V are found in 41%, 
16%, and 34% of the PDAC patients, respectively (Waters and Der, 2017). Codons 13 and 61 are also highly 
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susceptible to amino acid substitutions. Mutations in these conserved sites favor GTP binding, creating a con-
tinuous active form of RAS. There is a strong correlation between mutant codons and the tissue impacted. For 
example, mutations in codon 12 are particularly associated with cancer in the gastrointestinal tract. Understand-
ing the prevalence of RAS mutations in different cancer types provides an important opportunity for personal-
ized treatment for patients.  
 
RAS in the Progression of PDAC  
 
As described earlier, mutations that activate RAS will lead to uncontrolled cell proliferation, enhanced survival, 
and migration for cancer cells. RAS mutations also support PDAC progression through enhanced metabolic 
resiliency. Specifically, RAS signaling enhances glucose uptake, promoting cancer cell survival in low-nutrient 
conditions. Mutant Ras enhances glycolysis and protein synthesis and directs metabolites into the tricarboxylic 
acid (TCA) cycle. All of these biochemical reactions enhance nutrient utilization and, therefore, promote tumor 
progression (Kerr et al, 2016). Reactive oxygen species generated from PDAC cancer cell mitochondria pro-
mote anchorage-independent cancer cell growth through modulation of the ERK signaling pathway (Weinberg 
et al., 2010). RAS-driven cancers can utilize nutrients from the extracellular environment through micropino-
cytosis (Bar-Sagi et al., 1986). This process further supports the growth of cancer cells while depleting nutrients 
for surrounding normal cells. In PDAC cancer cells, the enhanced mitochondria recycling and oxidative capac-
ity are maintained through autophagy. Through autophagy, mitochondria and their components are captured, 
degraded, and recycled to maintain the increased mitochondria activity in cancer cells (Guo et al., 2016).  
 
RAS in the Metastasis of PDAC  
 
In PDAC patients, RAS activity is important for acquiring more malignant features, including metastasis. The 
metastatic phenotype was achieved by augmented transforming growth factor beta (TGF-β) signaling (Boutin 
et al., 2017), as well as repression of Raf Kinase Inhibitory Protein (RKIP) (Yang et al., 2018) and serine/thre-
onine kinase 11 (LKB1) (Ji et al., 2007). In KRAS-driven pancreatic cancer models, deletion of LKB1 enhances 
the biosynthesis of S-adenosyl-methionine (SAM) and DNA methylation, enhancing PDAC metastasis 
(Kottakis 2016).  
 
RAS in Modulating the Immunology Microenvironment of PDAC Cancer Cells 
 
The cancer cells frequently gain proliferative advantage from the surrounding immunology microenvironment. 
Cancer cells exhibit aggressive and metastatic phenotypes by avoiding being targeted by the immune system. 
In RAS-driven pancreatic cancer, this is achieved by the following mechanisms: 1) reduced expression of MHC 
class I molecules on the surface of PDAC cells, rendering them less vulnerable to immune-mediated cell death 
by cytotoxic T-cells (Lohmann et al., 1996).  2) suppressed expression of PD-1 on immune cells and PD-L1 on 
PDAC cells (Loi et al., 2016). When suppressed, the PD-1/PD-L1 protein loses its activity to suppress immune-
mediated PDAC cancer cell destruction (Coelho et al., 2017). Cancer patients with KRAS mutations have been 
shown to respond to PD-1 inhibitors (Borghaei et al., 2015). 3) the development of a pre-inflammatory micro-
environment through the increased secretion of IL-8 and IL-17 (McAllister et al., 2014; Sparmann et al., 2004). 
Tumor vascularization, driven by RAS-mediated induction of hypoxic HIF signaling, and enhanced expression 
of vascular endothelial growth factor (VEGF) (Rak et al., 1995), contributes to the development of the pre-
inflammatory microenvironment, as well as PDAC growth, progression, and metastasis.  
 

Screening KRAS Mutations for Early PDAC Diagnosis  
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The survival of PDAC patients remains poor due to the fact that the disease has often advanced significantly 
when diagnosed. Mutations in the KRAS oncogene are present in over 90% of resected PDAC specimens. The 
progression of PDAC from benign precursor lesions (PanIN) to invasive malignancy and metastases takes about 
10-15 years. KRAS mutation is one of the earliest genetic events in PDAC evolution, present in PanIN lesions 
(Raphael et al., 2017).  Identification of KRAS mutation in at-risk individuals could therefore serve as a useful 
screening tool for the detection of pre-invasive lesions prior to appearance using conventional imaging modal-
ities. However, the detection of mutant KRAS-bearing circulating free DNA (cfDNA) has a sensitivity of only 
20–25% when used to diagnose PDAC (Earl et al., 2015). This may be because a PDAC needs to be relatively 
advanced before sufficient mutant DNA is released into circulation. Sampling of pancreatic exocrine secretions 
has been shown to provide a higher sensitivity than the blood (Patel et al., 2020).  Because PDAC originates 
from the ductal epithelium, it is expected that mutant KRAS is present in pancreatic secretions earlier than in 
the blood. The specificity of KRAS mutant cfDNA detection in pancreatic exocrine secretions may also be 
higher than in blood, as mutation detected in the blood may develop from cancers at sites other than the pan-
creas. A meta-analysis of 22 studies and a total of 2156 pancreatic cancer patients, revealed that the sensitivity 
of KRAS mutation testing in endoscopically sampled pancreatic mucus varies considerably and is not currently 
ready to be used as a diagnostic biomarker (Patel et al., 2020).  However, it is useful as a screening tool to 
identify RAS-bearing individuals for prospective cohort studies.  

Therapeutic Options for PDAC 
 
For a long time after its discovery in 1982, RAS has not been considered a suitable target for direct inhibition 
due to three key biochemical features: first, the picomolar affinity of RAS proteins for GTP; second, the high 
intracellular concentrations of GTP (~500nM); and third, the absence of a deep or pharmacologically actionable 
small-molecule-binding pocket in the RAS proteins (Punekar et al., 2022). Due to the first two features, a small 
molecule medicine must possess unprecedented binding properties to overcome the picomolar affinity of RAS 
for GTP.  Moreover, the GTP-binding site of the KRAS protein varies between specific KRAS mutants, such 
as the G12C, G12D, G12V, G13D, and Q61H variants (Lu et al., 2015), which further complicates KRAS 
inhibitor design. 

In the past 10 years, a significant breakthrough has been in targeting RAS mutations and their effectors 
for PDAC treatment. Potential therapeutic targets for RAS mutant tumors are elaborated in this paper based on 
the mode of action (MOA) and summarized in Figure 3.  
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Figure 3. Therapeutic targets for RAS mutant tumors based on mode of action. 
 
Direct RAS-GDP Inhibitors  
 
Due to the difficulty of directly inhibiting GTP-bound mutant RAS as described above, first-generation direct 
KRAS inhibitors all bind to inactive, GDP-bound mutant KRAS (KRAS-off inhibitors). Towards this end, a 
major breakthrough was brought forward by the laboratory of K. Shokat in 2013. Compounds that bind cova-
lently and selectively to KRASG12C-GDP were identified (Ostrem et al., 2013). X-ray crystallography revealed 
that the compounds form a stable covalent bond with the reactive mutant cysteine residue at codon 12 near 
Switch 2. This covalent bond prevents the RAS from switching from the “off-state” (GDP-bound) to the “on-
state” (GTP-bound). Since the inhibition is specific to the G12C mutation in KRAS, the RAS signaling in non-
malignant cells should not be affected. The risk of on-target, off-tumor toxicity is low. Two small molecule 
medicines using this mode of action, Sotorasib and Adagrasib are both in clinical trials. Response to both med-
icines has been demonstrated in PDAC patients who have developed tumor metastasis after original chemo-
therapy (Strickler et al., 2023; Bekaii‐Saab et al, 2022).  

However, developing allele-specific inhibitors to more common RAS mutations in PDAC, i.e., G12D, 
G12V, and G12R, has been challenging due to the lack of a reactive residue that can form a covalent bond with 
a small molecule medicine. In 2022, an allele-specific G12D non-covalent inhibitor (MRTX1133) that inhibits 
the activity of RAS-G12D was discovered (Wang et al., 2022). MRTX1133 binding stabilizes the binding site 
by increasing the hydrophobicity, which induces the correlated movements of switches I and II. The movements 
then disrupt the interaction of RAS with its effector and regulatory proteins (Issahaku et al., 2022). MRTX1133 
exerts potent, specific, and rapid antitumor activity against PDAC mouse models bearing KRASG12D muta-
tions (Kemp et al., 2022). It has been demonstrated that MRTX133 not only inhibits the growth of PDAC cancer 
but also modulates the tumor microenvironment by enhancing the activity of macrophages and promoting the 
growth of micro-fibroblasts, which has been shown to restrain the growth of PDAC (Rhim et al., 2014) 
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Direct RAS-GTP Inhibitors  
 
The RAS-GDP inhibitors (“off” inhibitors) are more susceptible to emerging resistance because of the upstream 
pressure that may promote new, second-site RAS mutations, or overexpression of receptor tyrosine kinase 
(Moore et al., 2020). Targeting the GTP-bound (“on” state) RAS can overcome these resistance mechanisms. 
Recently, several small molecules that target the “on-state” RAS have entered clinical trials. One such agent is 
RMC-6236 (Koltun et al., 2022). RMC-6236 non-covalently binds to an abundant intracellular chaperone pro-
tein, cyclophilin A (CypA), resulting in a binary complex that engages RAS “on” to form a high-affinity, RAS-
selective, tri-complex that inhibits RAS binding to effectors (Koltun et al., 2022). Since RMC-6236 does not 
rely on the mutant cysteine binding around switch 2, it has been shown in preclinical models to have anti-tumor 
activity in multiple KRAS G12 isoforms including G12D, G12V, and G12R. Making it a very promising can-
didate for PDAC treatment.  
 
Inhibition of RAS Activity Modulators 
 
RAS modulators regulate the activity of RAS by three mechanisms: 1) regulate the localization of RAS to the 
plasma membrane, which then activates RAS for downstream signaling; 2) modulators that convert RAS from 
inactive (GDP-bond) to active (GTP-bound) form; and 3) modulate the activity of downstream effectors.  

As described previously, RAS relies on post-translational modifications for localization to the cell 
membrane, activation, and effective downstream signaling. In preclinical models, Tipifarnib, a farnesylation 
inhibitor, demonstrated antiproliferative effects against pancreatic cancer cell lines at clinically relevant con-
centrations and displayed marked growth inhibition in pancreatic cancer models (End et al., 2001).  

RAS-specific GEF SOS is an important therapeutic target because it converts RAS from inactive to 
active state. Small molecules that interrupt the RAS-SOS interaction have been shown to reduce downstream 
effector activation (Burns et al., 2014). The inhibition of the RAS binding domain, where activated RAS inter-
acts with downstream effectors, impairs the interaction of RAS with RAF, Ral, and PI3K and reduces tumor 
growth in vitro and in vivo (Athuluri-Divakar et al., 2016). The kinase suppressor of RAS (KSR) serves as a 
scaffolding factor that links RAS to RAF and allows for MEK activation. Shielding KSR with a small molecule 
compound reduced oncogenic transcription (Dhawan et al., 2016). Protein tyrosine phosphatase SHP2 binds to 
receptor tyrosine kinase growth factor receptors through its SH2 domain and mediates activation of RAS 
through dephosphorylation, increasing its association with RAF. The SHP2 inhibitor has been shown to de-
crease cancer cell proliferation (Chen et al., 2016). 

Downstream effectors in the RAS signaling pathway are important therapeutic targets for PDAC. More 
than 20 RAF/MEK/ERK and more than 40 PI3K/AKT inhibitors are currently in clinical trials (www.clinical-
trials.gov). Inhibition of the PI3K and MEK signaling pathways in PDAC patients bearing KRAS-G12D muta-
tions has resulted in effective inhibition of tumor growth (Eser et al., 2013; Collisson et al., 2012). 
 
Synthetic Lethality  
 
Synthetic lethality means a protein, when suppressed or inhibited, results in cell death in the presence of acti-
vated oncogene (Kaelin, 2005). Synthetic lethality targets are essential for the survival of the cancer cells and 
therefore, provide important therapeutic targets. Several large-scale screens have been carried out using RNA 
interference-mediated expression silencing (Kim et al., 2016; Kumar et al., 2012) or the genome-wide forward 
genetic CRISPR screen tools to identify genes that are uniquely essential to the survival and proliferation of 
PDAC cancer cells (Castells-Roca et al., 2021). As revealed by the studies, the following intracellular pathways/ 
activities are augmented in RAS-bearing PDAC cancer cells and are potential therapeutic targets: 1) glucose/ 
lipid/ amino acid metabolism; 2) ribosome biogenesis and translational control; 3) autophagy; 4) increased 
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oncogene transcription through NF-κB; 5) mitotic machinery and sensitivity to mitotic stress. Gemcitabine, a 
DNA synthesis inhibitor, and Olaparib, an inhibitor to poly ADP ribose polymerase (PARP), are both being 
investigated in PDAC clinical trials as targets that demonstrate synthetic lethality with cancer mutations (Wei 
et al., 2020, Qian et al., 2020).   
 
Immunotherapy 
 
Immunotherapy for RAS-mediated cancer has focused on the following aspects: 1) inhibition of negative reg-
ulators to the immune reactions (checkpoints, i.e., program death-1 or PD-1); 2) Chimeric antigen receptor 
(CAR) T cell therapy; 3) cancer vaccines.  

The PD-1 immune checkpoint inhibitor pembrolizumab is the only immunotherapy that is FDA-ap-
proved for treating patients with advanced PDAC. In May 2017, pembrolizumab was approved for patients with 
unresectable or metastatic PDAC with progression on prior treatment with no satisfactory alternative treatment 
options. The FDA approval is based on the combined results of five multi-cohort, single-arm clinical trials 
evaluating pembrolizumab in patients with metastatic or unresectable solid tumors who had received a median 
of two prior lines of therapy. In one of the clinical trials (Le et al. 2017), the objective response rate (ORR) 
among the eight PDAC patients was 62% (2 patients had complete responses, 3 patients had partial responses, 
1 patient had stable disease, and 2 patients were not evaluable). 

In CAR T cell therapy, T cells are collected from the peripheral blood of patients with PDAC via 
leukapheresis and engineered to express chimeric antigen receptors directed toward a specific tumor antigen. 
These cells are subsequently expanded before reinfusion into patients (Srivastava and Riddell, 2018). Clinical 
trials for CAR T cells directed toward several tumor antigens including CEACAM5, mesothelin, HER2 neu, 
PSCA, and MUC-1 are currently in progress (Akce, et al., 2018).  

A third immunotherapeutic approach to treat RAS-mutant tumors uses vaccines developed for RAS-
mutant tumor antigens. One such approach involves the intradermal injection of peptides from mutant RAS 
proteins in combination with granulocyte–macrophage colony-stimulating factor (GM–CSF) (Klemp et al., 
2001). In a phase I/II clinical trial, 32 PDAC patients were treated with a mutant-RAS-specific vaccine, Tar-
govax TG-01, and gemcitabine (an inhibitor of DNA replication). Ninety-five percent of patients had a positive 
immune response. Median overall survival (OS) of 34.3 months, and median disease-free survival (DFS) of 
19.5 months. (Palmer et al., 2020). Another approach utilizes the mRNA vaccine for mutant RAS. Results from 
Phase I clinical trials demonstrated that a personalized mRNA neoantigen vaccine can stimulate an immune 
response in patients with pancreatic ductal adenocarcinoma (PDAC). The vaccine, adjuvant autogene cerumen, 
was given after surgery. The vaccine was “highly immunogenic” in half of patients and may have delayed 
recurrence, said study presenter Vinod P. Balachandran, MD, of Memorial Sloan Kettering Cancer Center in 
New York, New York (Balachandran 2023). 
 
Combination Therapy 
 
As elucidated above, due to the complexity of the RAS signaling cascade, many drug have been developed to 
target the mutant RAS or other components in the RAS signaling pathway. The development of drug resistance 
and compensatory cancer signaling pathways suggests that combination therapy will provide additional benefits 
in the prevention of RAS-mediated oncogenesis.  

An example is MRTX1133 in the treatment of PDAC patients bearing G12D mutations, the most 
prevalent RAS mutation in PDAC patients (Wang et al., 2022). MRTX1133 not only directly impacts cancer 
cell growth, including inhibiting cancer cell proliferation and modulating cancer cell apoptosis, but also shifts 
the tumor microenvironment (TME) (Kemp et al., 2022). T cells were necessary for MRTX1133's full anti-
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tumor effect, and T-cell depletion accelerated tumor regrowth after therapy. These results revealed that a com-
bination of immunotherapy and anti-tumor therapy will likely provide better treatment for PDAC.  
 

Conclusions and Prospects 
 
PDAC is known for its high mortality rate and short survival period. Although some progress has been made in 
recent years regarding early diagnosis, perioperative management, and systemic treatment, the prognosis of 
patients has not improved significantly. Since KRAS is one of the most frequently occurring oncogenic muta-
tions in PDAC, future candidates for PDAC therapies are likely to be achieved through targeting mutant RAS 
or other components of its signaling pathway. 

For a long time, the treatment of KRAS mutations has been indirect, focusing on activity modulators, 
synthetic lethality, and immunotherapy. A breakthrough in the direct mutant RAS targeting was brought for-
ward by the characterization of the binding pocket. The first generation of direct RAS-GDP is designed towards 
the G12C mutation. However, the direct inhibition of the more common KRAS mutations in PDAC, including 
G12D and G12V, has historically been challenging due to the lack of amino acids that can form a covalent bond 
with a small molecule medicine. Recently, MRTX1133, a small molecule that forms a non-covalent bond with 
mutant RAS has demonstrated efficacy towards the G12D mutation-mediated cancer including PDAC (Wang 
et al., 2022). The newer generation of RAS inhibitors target RAS in its GTP-bound, active state. RMC-6236, 
developed by Revolution Medicines Inc, is a first-in-class non-covalent RASMULTI(ON) inhibitor that is se-
lective for the active, GTP-bound RAS. RMC-6236 has demonstrated deep and sustained regressions across 
multiple tumor types, particularly PDAC and NSCLC, harboring KRASG12X mutations (KRASG12X defined 
as mutation at codon 12 which encodes glycine (G) to X where X = A, D, R, S, or V). The Phase 1 clinical trial 
of RMC-6236 is currently ongoing with demonstrated encouraging anti-tumor activity in patients with previ-
ously treated NSCLC and PDAC (Arbour et al., 2023).  

RAS does not only trigger carcinogenesis through interacting with multiple downstream effectors, but 
it also changes the tumor microenvironment through synthetic lethality with other intracellular activities or 
evades the control of the immune system by augmenting the immune checkpoints. Recent advancements in 
understanding of the role of RAS in PDAC tumorigenesis, progression, and metastasis suggest that a combina-
tion therapy that targets several different aspects of RAS-mediated cancer may be the most effective treatment 
for PDAC. 
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Chen, C. H., Chen, Z., Cooke, V. G., Dobson, J. R., Deng, Z., Feng, F., Firestone, B., Fodor, M., Fridrich, C., 
Gao, H., Grunenfelder, D., Hao, H., . . . Fortin, P. D. (2016). Allosteric inhibition of SHP2 phosphatase 
inhibits cancers driven by receptor tyrosine kinases. Nature, 535(7610), 148–152. 
https://doi.org/10.1038/nature18621   
 
Coelho, M. A., De Carné Trécesson, S., Rana, S., Zecchin, D., Moore, C., Molina‐Arcas, M., East, P., 
Spencer‐Dene, B., Nye, E., Barnouin, K., Snijders, A. P., Lai, W. S., Blackshear, P. J., & Downward, J. 
(2017). Oncogenic RAS signaling promotes tumor immunoresistance by stabilizing PD-L1 mRNA. 
Immunity, 47(6), 1083-1099.e6. https://doi.org/10.1016/j.immuni.2017.11.016 
 
Collisson, E. A., Trejo, C. L., Silva, J. M., Gu, S., Korkola, J. E., Heiser, L. M., Charles, R., Rabinovich, B. 
A., Hann, B., Dankort, D., Spellman, P. T., Phillips, W. A., Gray, J. W., & McMahon, M. (2012). A central 
role for RAF→MEK→ERK signaling in the genesis of pancreatic ductal adenocarcinoma. Cancer Discovery, 
2(8), 685–693. https://doi.org/10.1158/2159-8290.cd-11-0347 
 
Dhawan, N., Scopton, A., & Dar, A. C. (2016). Small molecule stabilization of the KSR inactive state 
antagonizes oncogenic Ras signalling. Nature, 537(7618), 112–116. https://doi.org/10.1038/nature19327 
 
Earl, J., García-Nieto, S., Martínez-Ávila, J. C., Montáns, J., Sanjuánbenito, A., Rodríguez-Garrote, M., Lisa, 
E., Mendía, E., Lobo, E., Malats, N., Carrato, A., & Ponce, C. G. (2015). Circulating tumor cells (CTC) and 
KRAS mutant circulating free DNA (cfDNA) detection in peripheral blood as biomarkers in patients 
diagnosed with exocrine pancreatic cancer. BMC Cancer, 15(1). https://doi.org/10.1186/s12885-015-1779-7 
 
End, D. W., Smets, G., Todd, A. V., Applegate, T., Fuery, C. J., Angibaud, P., Venet, M., Sanz, G., Poignet, 
H., Skrzat, S., DeVine, A., Wouters, W., & Bowden, C. L. (2001b). Characterization of the antitumor effects 
of the selective farnesyl protein transferase inhibitor R115777 in vivo and in vitro. PubMed, 61(1), 131–137. 
https://pubmed.ncbi.nlm.nih.gov/11196150 
 
Eser, S., Reiff, N., Messer, M., Seidler, B., Gottschalk, K., Dobler, M., Hieber, M., Arbeiter, A., Klein, S., 
Kong, B., Michalski, C., Schlitter, A. M., Esposito, I., Kind, A., Rad, L., Schnieke, A., Baccarini, M., Alessi, 
D. R., Rad, R., . . . Saur, D. (2013). Selective requirement of PI3K/PDK1 signaling for KRAS Oncogene-
Driven Pancreatic cell plasticity and cancer. Cancer Cell, 23(3), 406–420. 
https://doi.org/10.1016/j.ccr.2013.01.023 
 
Gimple, R. C., & Wang, X. (2019b). RAS: Striking at the core of the oncogenic circuitry. Frontiers in 
Oncology, 9. https://doi.org/10.3389/fonc.2019.00965 

Volume 13 Issue 1 (2024) 

ISSN: 2167-1907 www.JSR.org/hs 11

https://doi.org/10.3390/cancers13071591
https://doi.org/10.1158/2159-8290.cd-12-0095
https://doi.org/10.1038/nature18621
https://doi.org/10.1016/j.immuni.2017.11.016
https://doi.org/10.1158/2159-8290.cd-11-0347
https://doi.org/10.1038/nature19327
https://doi.org/10.1186/s12885-015-1779-7
https://pubmed.ncbi.nlm.nih.gov/11196150
https://doi.org/10.1016/j.ccr.2013.01.023
https://doi.org/10.3389/fonc.2019.00965


 
Guo, J. Y., Teng, X., Laddha, S. V., Ma, S., Van Nostrand, S. C., Yang, Y., Khor, S., Chan, C. S., 
Rabinowitz, J. D., & White, E. (2016). Autophagy provides metabolic substrates to maintain energy charge 
and nucleotide pools in Ras-driven lung cancer cells. Genes & Development, 30(15), 1704–1717. 
https://doi.org/10.1101/gad.283416.116 
 
He, Q., Liu, Z., & Wang, J. (2022). Targeting KRAS in PDAC: A new way to cure it? Cancers, 14(20), 4982. 
https://doi.org/10.3390/cancers14204982 
 
Issahaku, A. R., Mukelabai, N., Agoni, C., Rudrapal, M., Aldosari, S. M., Almalki, S. G., & Khan, J. (2022). 
Characterization of the binding of MRTX1133 as an avenue for the discovery of potential KRASG12D 
inhibitors for cancer therapy. Scientific Reports, 12(1). https://doi.org/10.1038/s41598-022-22668-1 
 
Jeong, W., Ro, E. J., & Choi, K. (2018). Interaction between Wnt/β-catenin and RAS-ERK pathways and an 
anti-cancer strategy via degradations of β-catenin and RAS by targeting the Wnt/β-catenin pathway. Npj 
Precision Oncology, 2(1). https://doi.org/10.1038/s41698-018-0049-y 
 
Ji, H., Ramsey, M. R., Hayes, D. N., Fan, C., McNamara, K., Kozlowski, P., Torrice, C., Wu, M. C., 
Shimamura, T., Perera, S. A., Liang, M., Cai, D., Naumov, G. N., Bao, L., Contreras, C. M., Li, D., Chen, L., 
Krishnamurthy, J., Koivunen, J., . . . Wong, K. (2007). LKB1 modulates lung cancer differentiation and 
metastasis. Nature, 448(7155), 807–810. https://doi.org/10.1038/nature06030 
 
Kaelin, W. G. (2005). The concept of synthetic lethality in the context of anticancer therapy. Nature Reviews 
Cancer, 5(9), 689–698. https://doi.org/10.1038/nrc1691  
 
Kerr, E., Gaude, E., Turrell, F. K., Frezza, C., & Martins, C. P. (2016). Mutant Kras copy number defines 
metabolic reprogramming and therapeutic susceptibilities. Nature, 531(7592), 110–113. 
https://doi.org/10.1038/nature16967  
 
Kemp, S. B., Cheng, N., Markosyan, N., Sor, R., Kim, I., Hallin, J., Shoush, J., Quinones, L., Brown, N. V., 
Bassett, J. B., Joshi, N., Yuan, S., Smith, M., Vostrejs, W. P., Perez-Vale, K. Z., Kahn, B., Mo, F., Donahue, 
T. R., Radu, C. G., . . . Stanger, B. Z. (2022b). Efficacy of a Small-Molecule inhibitor of KRASG12D in 
immunocompetent models of pancreatic cancer. Cancer Discovery, 13(2), 298–311. 
https://doi.org/10.1158/2159-8290.cd-22-1066  
 
Kim, J., McMillan, E. A., Kim, H., Venkateswaran, N., Makkar, G., Rodriguez‐Canales, J., Villalobos, P., 
Neggers, J. E., Mendiratta, S., Wei, S., Landesman, Y., Senapedis, W., Baloglu, E., Chow, C., Frink, R. E., 
Gao, B., Roth, M. G., Minna, J. D., Daelemans, D., . . . White, M. A. (2016). XPO1-dependent nuclear export 
is a druggable vulnerability in KRAS-mutant lung cancer. Nature, 538(7623), 114–117. 
https://doi.org/10.1038/nature19771 
 
Klemp, M., Buanes, T., Rosseland, A. R., Bakka, A., Gladhaug, I. P., Søreide, O., Eriksen, J. A., Mlika, M., 
Baksaas, I., Lothe, R., Sæterdal, I., & Gaudernack, G. (2001). Intradermal ras peptide vaccination with 
granulocyte-macrophage colony-stimulating factor as adjuvant: Clinical and immunological responses in 
patients with pancreatic adenocarcinoma. International Journal of Cancer, 92(3), 441–450. 
https://doi.org/10.1002/ijc.1205  
 

Volume 13 Issue 1 (2024) 

ISSN: 2167-1907 www.JSR.org/hs 12

https://doi.org/10.1101/gad.283416.116
https://doi.org/10.3390/cancers14204982
https://doi.org/10.1038/s41598-022-22668-1
https://doi.org/10.1038/s41698-018-0049-y
https://doi.org/10.1038/nature06030
https://doi.org/10.1038/nrc1691
https://doi.org/10.1038/nature16967
https://doi.org/10.1158/2159-8290.cd-22-1066
https://doi.org/10.1038/nature19771
https://doi.org/10.1002/ijc.1205


Kole, C., Charalampakis, N., Tsakatikas, S., Frountzas, M., Apostolou, K., & Schizas, D. (2022). 
Immunotherapy in Combination with Well-Established Treatment Strategies in Pancreatic Cancer: Current 
Insights. Cancer Management and Research, Volume 14, 1043–1061. https://doi.org/10.2147/cmar.s267260    
 
Koltun, E. S., Rice, M. A., Gustafson, W. C., Wilds, D., Jiang, J., Lee, B. J., Wang, Z., Chang, S., Flagella, 
M., Mu, Y., Dinglasan, N., Nasholm, N., Evans, J., Wang, Y., Seamon, K. J., Liu, Y., Blaj, C., Knox, J. E., 
Freilich, R., . . . Singh, M. (2022). Abstract 3597: Direct targeting of KRASG12X mutant cancers with RMC-
6236, a first-in-class, RAS-selective, orally bioavailable, tri-complex RASMULTI(ON) inhibitor. Cancer 
Research, 82(12_Supplement), 3597. https://doi.org/10.1158/1538-7445.am2022-3597 
 
Kottakis, F., Nicolay, B., Roumane, A., Karnik, R., Gu, H., Nagle, J. M., Boukhali, M., Hayward, M. C., Li, 
Y. Y., Chen, T., Liesa, M., Hammerman, P. S., Wong, K. K., Hayes, D. N., Shirihai, O. S., Dyson, N. J., 
Haas, W., Meissner, A., & Bardeesy, N. (2016). LKB1 loss links serine metabolism to DNA methylation and 
tumorigenesis. Nature, 539(7629), 390–395. https://doi.org/10.1038/nature20132 
 
Kumar, M., Hancock, D. C., Molina‐Arcas, M., Steckel, M., East, P., Diefenbacher, M. E., Armenteros-
Monterroso, E., Lassailly, F., Matthews, N., Nye, E., Stamp, G., Behrens, A., & Downward, J. (2012). The 
GATA2 transcriptional network is requisite for RAS Oncogene-Driven Non-Small cell lung cancer. Cell, 
149(3), 642–655. https://doi.org/10.1016/j.cell.2012.02.059  
 
Le, D. T., Durham, J. N., Smith, K. N., Wang, H., Bartlett, B. R., Aulakh, L. K., Lu, S., Kemberling, H., Wilt, 
C., Luber, B., Wong, F., Azad, N. S., Rucki, A. A., Laheru, D., Donehower, R. C., Zaheer, A., Fisher, G. A., 
Crocenzi, T. S., Lee, J. J., . . . Díaz, L. A. (2017). Mismatch repair deficiency predicts response of solid 
tumors to PD-1 blockade. Science, 357(6349), 409–413. https://doi.org/10.1126/science.aan6733  
 
Lohmann, S., Wollscheid, U., Huber, C., & Seliger, B. (1996). Multiple Levels of MHC Class I Down‐
Regulation by ras Oncogenes. Scandinavian Journal of Immunology, 43(5), 537–544. 
https://doi.org/10.1046/j.1365-3083.1996.d01-73.x  
 
Luo, J. (2021b). KRAS mutation in pancreatic cancer. Seminars in Oncology, 48(1), 10–18. 
https://doi.org/10.1053/j.seminoncol.2021.02.003  
 
Loi, S., Dushyanthen, S., Beavis, P. A., Salgado, R., Denkert, C., Savas, P., Combs, S., Rimm, D. L., 
Giltnane, J. M., Estrada, M. V., Sanchez, V., Sanders, M. E., Cook, R. S., Pilkinton, M. A., Mallal, S., Wang, 
K., Miller, V. A., Stephens, P. J., Yelensky, R., . . . Balko, J. M. (2016). RAS/MAPK Activation Is 
Associated with Reduced Tumor-Infiltrating Lymphocytes in Triple-Negative Breast Cancer: Therapeutic 
Cooperation Between MEK and PD-1/PD-L1 Immune Checkpoint Inhibitors. Clinical Cancer Research, 
22(6), 1499–1509. https://doi.org/10.1158/1078-0432.ccr-15-1125  
 
Lu, S., Jang, H., Nussinov, R., & Zhang, J. (2016). The structural basis of oncogenic mutations G12, G13 and 
Q61 in small GTPaSe K-RAS4B. Scientific Reports, 6(1). https://doi.org/10.1038/srep21949 
   
Markowitz, S. D., & Bertagnolli, M. M. (2009). Molecular basis of colorectal cancer. The New England 
Journal of Medicine, 361(25), 2449–2460. https://doi.org/10.1056/nejmra0804588 
 
McAllister, F., Bailey, J. M., Alsina, J., Nirschl, C. J., Sharma, R., Fan, H., Rattigan, Y., Roeser, J. C., 
Lankapalli, R. H., Zhang, H., Jaffee, E. M., Drake, C. G., Housseau, F., Maitra, A., Kolls, J. K., Sears, C. L., 

Volume 13 Issue 1 (2024) 

ISSN: 2167-1907 www.JSR.org/hs 13

https://doi.org/10.2147/cmar.s267260
https://doi.org/10.1158/1538-7445.am2022-3597
https://doi.org/10.1038/nature20132
https://doi.org/10.1016/j.cell.2012.02.059
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1046/j.1365-3083.1996.d01-73.x
https://doi.org/10.1053/j.seminoncol.2021.02.003
https://doi.org/10.1158/1078-0432.ccr-15-1125
https://doi.org/10.1038/srep21949
https://doi.org/10.1056/nejmra0804588


Pardoll, D. M., & Leach, S. D. (2014). Oncogenic KRAS activates a Hematopoietic-to-Epithelial IL-17 
signaling axis in preinvasive pancreatic neoplasia. Cancer Cell, 25(5), 621–637. 
https://doi.org/10.1016/j.ccr.2014.03.014    
Molina-Arcas, M., Samani, A., & Downward, J. (2021). Drugging the Undruggable: Advances on RAS 
targeting in cancer. Genes, 12(6), 899. https://doi.org/10.3390/genes12060899     
 
Moore, A. R., Rosenberg, S., McCormick, F., & Malek, S. (2020). RAS-targeted therapies: is the undruggable 
drugged? Nature Reviews Drug Discovery, 19(8), 533–552. https://doi.org/10.1038/s41573-020-0068-6 
 
Nichols, R. J., Haderk, F., Stahlhut, C., Schulze, C. J., Hemmati, G., Wildes, D., Tzitzilonis, C., Mordec, K., 
Marquez, A., Romero, J. M., Hsieh, T., Zaman, A., Olivas, V., McCoach, C. E., Blakely, C. M., Wang, Z., 
Kiss, G., Koltun, E. S., Gill, A. L., . . . Bivona, T. G. (2018). RAS nucleotide cycling underlies the SHP2 
phosphatase dependence of mutant BRAF-, NF1- and RAS-driven cancers. Nature Cell Biology, 20(9), 1064–
1073. https://doi.org/10.1038/s41556-018-0169-1   
 
Ostrem, J., Peters, U., Sos, M. L., Wells, J. A., & Shokat, K. M. (2013). K-Ras(G12C) inhibitors allosterically 
control GTP affinity and effector interactions. Nature, 503(7477), 548–551. 
https://doi.org/10.1038/nature12796 
 
Palmer, D. H., Valle, J. W., Ting, Y., Faluyi, O. O., Neoptolemos, J. P., Gjertsen, T. J., Iversen, B., Eriksen, J. 
A., Møller, A. S. W., Aksnes, A., Miller, R. C., & Dueland, S. (2020). TG01/GM-CSF and adjuvant 
gemcitabine in patients with resected RAS-mutant adenocarcinoma of the pancreas (CT TG01-01): a single-
arm, phase 1/2 trial. British Journal of Cancer, 122(7), 971–977. https://doi.org/10.1038/s41416-020-0752-7   
 
Patel, N., Petrinic, T., Silva, M., Soonawalla, Z., Reddy, S., & Gordon-Weeks, A. (2020). The Diagnostic 
Accuracy of Mutant KRAS Detection from Pancreatic Secretions for the Diagnosis of Pancreatic Cancer: A 
Meta-Analysis. Cancers, 12(9), 2353. https://doi.org/10.3390/cancers12092353    
 
Pecot, C. V., Wu, S. Y., Bellister, S., Filant, J., Rupaimoole, R., Hisamatsu, T., Bhattacharya, R., Maharaj, A., 
Azam, S. H., Rodríguez-Aguayo, C., Nagaraja, A. S., Morelli, M. P., Gharpure, K. M., Waugh, T. A., 
González-Villasana, V., Zand, B., Dalton, H. J., Kopetz, S., López-Berestein, G., . . . Sood, A. K. (2014). 
Therapeutic silencing of KRAS using systemically delivered siRNAs. Molecular Cancer Therapeutics, 
13(12), 2876–2885. https://doi.org/10.1158/1535-7163.mct-14-0074  
 
Prior, I. A., Hood, F. E., & Hartley, J. L. (2020). The frequency of RAS mutations in cancer. Cancer 
Research, 80(14), 2969–2974. https://doi.org/10.1158/0008-5472.can-19-3682   

 
Punekar, S. R., Velcheti, V., Neel, B. G., & Wong, K. (2022a). The current state of the art and future trends in 
RAS-targeted cancer therapies. Nature Reviews Clinical Oncology, 19(10), 637–655. 
https://doi.org/10.1038/s41571-022-00671-9   
 
Qian, Y., Gong, Y., Fan, Z., Luo, G., Huang, Q., Deng, S., He, C., Jin, K., Ni, Q., Lei, Y., & Liu, C. (2020). 
Molecular alterations and targeted therapy in pancreatic ductal adenocarcinoma. Journal of Hematology & 
Oncology, 13(1). https://doi.org/10.1186/s13045-020-00958-3   
 

Volume 13 Issue 1 (2024) 

ISSN: 2167-1907 www.JSR.org/hs 14

https://doi.org/10.1016/j.ccr.2014.03.014
https://doi.org/10.3390/genes12060899
https://doi.org/10.1038/s41573-020-0068-6
https://doi.org/10.1038/s41556-018-0169-1
https://doi.org/10.1038/nature12796
https://doi.org/10.1038/s41416-020-0752-7
https://doi.org/10.3390/cancers12092353
https://doi.org/10.1158/1535-7163.mct-14-0074
https://doi.org/10.1158/0008-5472.can-19-3682
https://doi.org/10.1038/s41571-022-00671-9
https://doi.org/10.1186/s13045-020-00958-3


Rak, J., Mitsuhashi, Y., Bayko, L., Filmus, J., Shirasawa, S., Sasazuki, T., & Kerbel, R. S. (1995). Mutant ras 
oncogenes upregulate VEGF/VPF expression: implications for induction and inhibition of tumor 
angiogenesis. PubMed, 55(20), 4575–4580. https://pubmed.ncbi.nlm.nih.gov/7553632  
 
Raphael, B. J., Hruban, R. H., Aguirre, A. J., Moffitt, R. A., Yeh, J. J., Stewart, C., Robertson, A. G., 
Cherniack, A. D., Gupta, M., Getz, G., Gabriel, S., Meyerson, M., Cibulskis, C., Fei, S. S., Hinoue, T., Shen, 
H., Laird, P. W., Ling, S., Lu, Y., . . . Moore, R. A. (2017). Integrated Genomic Characterization of 
Pancreatic ductal adenocarcinoma. Cancer Cell, 32(2), 185-203.e13. 
https://doi.org/10.1016/j.ccell.2017.07.007    
 
Rhim, A. D., Oberstein, P. E., Thomas, D., Mirek, E. T., Palermo, C. F., Sastra, S. A., Dekleva, E. N., 
Saunders, T., Becerra, C. P., Tattersall, I. W., Westphalen, C. B., Kitajewski, J., Fernández‐Barrena, M. G., 
Fernández-Zapico, M. E., Iacobuzio–Donahue, C. A., Olive, K. P., & Stanger, B. Z. (2014). Stromal elements 
act to restrain, rather than support, pancreatic ductal adenocarcinoma. Cancer Cell, 25(6), 735–747. 
https://doi.org/10.1016/j.ccr.2014.04.021    
 
Ribas, A., Lawrence, D. P., Atkinson, V., Agarwal, S., Miller, W. H., Carlino, M. S., Fisher, R., Long, G. V., 
Hodi, F. S., Tsoi, J., Grasso, C. S., Mookerjee, B., Zhao, Q., Ghori, R., Moreno, B. H., Ibrahim, N., & Hamid, 
O. (2019). Combined BRAF and MEK inhibition with PD-1 blockade immunotherapy in BRAF-mutant 
melanoma. Nature Medicine, 25(6), 936–940. https://doi.org/10.1038/s41591-019-0476-5  
 
Ryan, D. P., Hong, T. S., & Bardeesy, N. (2014). Pancreatic adenocarcinoma. The New England Journal of 
Medicine, 371(11), 1039–1049. https://doi.org/10.1056/nejmra1404198    
 
Sanchez-Vega, F., Mina, M., Armenia, J., Chatila, W. K., Luna, A., La, K., Dimitriadoy, S., Liu, D. L., 
Kantheti, H. S., Saghafinia, S., Chakravarty, D., Daian, F., Gao, Q., Bailey, M. H., Liang, W., Foltz, S. M., 
Shmulevich, I., Li, D., Heins, Z. J., . . . Schultz, N. (2018). Oncogenic Signaling Pathways in The Cancer 
Genome Atlas. Cell, 173(2), 321-337.e10. https://doi.org/10.1016/j.cell.2018.03.035   
 
Siegel, R. L., Miller, K. D., Wagle, N. S., & Jemal, A. (2023). Cancer statistics, 2023. CA: A Cancer Journal 
for Clinicians, 73(1), 17–48. https://doi.org/10.3322/caac.21763     
 
Sparmann, A., & Bar‐Sagi, D. (2004). Ras-induced interleukin-8 expression plays a critical role in tumor 
growth and angiogenesis. Cancer Cell, 6(5), 447–458. https://doi.org/10.1016/j.ccr.2004.09.028 
 
Srivastava, S., & Riddell, S. R. (2018). Chimeric antigen receptor T cell therapy: Challenges to Bench-to-
Bedside efficacy. Journal of Immunology, 200(2), 459–468. https://doi.org/10.4049/jimmunol.1701155 
 
Strickler, J. H., Satake, H., George, T. J., Yaeger, R., Hollebecque, A., Garrido‐Laguna, I., Schüler, M., 
Burns, T. F., Coveler, A. L., Falchook, G. S., Vincent, M., Sunakawa, Y., Dahan, L., Bajor, D. L., Rha, S. Y., 
Lemech, C., Juric, D., Rehn, M., Ngarmchamnanrith, G., . . . Hong, D. S. (2023). Sotorasib in KRAS 
p.G12C–Mutated Advanced Pancreatic Cancer. The New England Journal of Medicine, 388(1), 33–43. 
https://doi.org/10.1056/nejmoa2208470    
 
Swarthout, J. T., Lobo, S., Farh, L., Croke, M., Greentree, W. K., Deschenes, R. J., & Linder, M. E. (2005). 
DHHC9 and GCP16 Constitute a Human Protein Fatty Acyltransferase with Specificity for H- and N-Ras. 
Journal of Biological Chemistry, 280(35), 31141–31148. https://doi.org/10.1074/jbc.m504113200  

Volume 13 Issue 1 (2024) 

ISSN: 2167-1907 www.JSR.org/hs 15

https://pubmed.ncbi.nlm.nih.gov/7553632
https://doi.org/10.1016/j.ccell.2017.07.007
https://doi.org/10.1016/j.ccr.2014.04.021
https://doi.org/10.1038/s41591-019-0476-5
https://doi.org/10.1056/nejmra1404198
https://doi.org/10.1016/j.cell.2018.03.035
https://doi.org/10.3322/caac.21763
https://doi.org/10.1016/j.ccr.2004.09.028
https://doi.org/10.4049/jimmunol.1701155
https://doi.org/10.1056/nejmoa2208470
https://doi.org/10.1074/jbc.m504113200


 
Sullivan, R. J., Hamid, O., González, R., Infante, J. R., Patel, M. R., Hodi, F. S., Lewis, K. D., Tawbi, H. A., 
Hernandez, G., Wongchenko, M. J., Chang, Y. M., Roberts, L., Ballinger, M., Yan, Y., Cha, E., & Hwu, P. 
(2019). Atezolizumab plus cobimetinib and vemurafenib in BRAF-mutated melanoma patients. Nature 
Medicine, 25(6), 929–935. https://doi.org/10.1038/s41591-019-0474-7  
 
Waddell, N., Pajic, M., Patch, A., Chang, D. K., Kassahn, K. S., Bailey, P. J., Johns, A., Miller, D., Nones, 
K., Quek, K., Quinn, M. C., Robertson, A. J., Fadlullah, M. Z. H., Bruxner, T., Christ, A. N., Harliwong, I., 
Idrisoglu, S., Manning, S., Nourse, C., . . . Grimmond, S. M. (2015). Whole genomes redefine the mutational 
landscape of pancreatic cancer. Nature, 518(7540), 495–501. https://doi.org/10.1038/nature14169 
 
Wang, X., Allen, S. J., Blake, J. F., Bowcut, V., Briere, D. M., Calinisan, A., Dahlke, J., Fell, J. B., Fischer, J. 
P., Gunn, R. J., Hallin, J., Laguer, J., Lawson, J. D., Medwid, J., Newhouse, B., Nguyen, P., O’Leary, J., 
Olson, P., Pajk, S., . . . Marx, M. A. (2021). Identification of MRTX1133, a noncovalent, potent, and selective 
KRASG12D inhibitor. Journal of Medicinal Chemistry, 65(4), 3123–3133. 
https://doi.org/10.1021/acs.jmedchem.1c01688  
 
Wang, Q. J., Yu, Z., Griffith, K., Hanada, K., Restifo, N. P., & Yang, J. C. (2016). Identification of T-cell 
receptors targeting KRAS-Mutated human tumors. Cancer Immunology Research, 4(3), 204–214. 
https://doi.org/10.1158/2326-6066.cir-15-0188 
 
Waters, A. M., & Der, C. J. (2017b). KRAS: the critical driver and therapeutic target for pancreatic cancer. 
Cold Spring Harbor Perspectives in Medicine, 8(9), a031435. https://doi.org/10.1101/cshperspect.a031435 
 
Weinberg, F., Hamanaka, R. B., Wheaton, W. W., Weinberg, S. E., Joseph, J., López, M., Kalyanaraman, B., 
Mutlu, G. M., Budinger, G. R. S., & Chandel, N. S. (2010). Mitochondrial metabolism and ROS generation 
are essential for Kras-mediated tumorigenicity. Proceedings of the National Academy of Sciences of the 
United States of America, 107(19), 8788–8793. https://doi.org/10.1073/pnas.1003428107 
 
Wei, X., Yang, J., Adair, S. J., Öztürk, H., Kuscu, C., Lee, K. Y., Kane, W. J., O’Hara, P. E., Liu, D., 
Demirlenk, Y. M., Habieb, A., Yilmaz, E., Dutta, A., Bauer, T. W., & Adli, M. (2020). Targeted CRISPR 
screening identifies PRMT5 as synthetic lethality combinatorial target with gemcitabine in pancreatic cancer 
cells. Proceedings of the National Academy of Sciences of the United States of America, 117(45), 28068–
28079. https://doi.org/10.1073/pnas.2009899117 
 
Yang, M. H., Laurent, G., Bause, A. S., Spang, R., German, N. J., Haigis, M. C., & Haigis, K. M. (2013). 
HDAC6 and SIRT2 regulate the acetylation state and oncogenic activity of mutant K-RAS. Molecular Cancer 
Research, 11(9), 1072–1077. https://doi.org/10.1158/1541-7786.mcr-13-0040-t  
 
Yang, K., Li, Y., Lian, G., Lin, H., Shang, C., Zeng, L., Chen, S., Li, J., Huang, C., Huang, K., & Chen, Y. 
(2018). KRAS promotes tumor metastasis and chemoresistance by repressing RKIP via the MAPK–ERK 
pathway in pancreatic cancer. International Journal of Cancer, 142(11), 2323–2334. 
https://doi.org/10.1002/ijc.31248  

Volume 13 Issue 1 (2024) 

ISSN: 2167-1907 www.JSR.org/hs 16

https://doi.org/10.1038/s41591-019-0474-7
https://doi.org/10.1038/nature14169
https://doi.org/10.1021/acs.jmedchem.1c01688
https://doi.org/10.1158/2326-6066.cir-15-0188
https://doi.org/10.1101/cshperspect.a031435
https://doi.org/10.1073/pnas.1003428107
https://doi.org/10.1073/pnas.2009899117
https://doi.org/10.1158/1541-7786.mcr-13-0040-t
https://doi.org/10.1002/ijc.31248



