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Abstract: KRASG12C is one of the most common oncogenes in non-small cell lung cancer (NSCLC) and is associated with a poor 
prognosis. Historically, KRAS mutations have been difficult to target due to lack of binding sites and exceptionally high affinity for 
guanosine triphosphate/guanosine diphosphate (GTP/GDP). Recently, KRASG12C selective inhibitors have shown promising results in 
Phase I/II studies. Here we discuss the mechanism of action, pharmacokinetic and pharmacodynamic properties, efficacy, and 
tolerability of adagrasib (MRTX849). 
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Introduction
Lung cancer is one of the most common cancers, accounting for 235,760 new cases and 131,880 deaths in the United 
States in 2021.1 Kirsten rat sarcoma viral oncogene (KRAS) mutation is the most common gain-of-function oncogene in 
NSCLC and typically presents as a single-driver mutation.2,3 KRAS serves as a binary switch for signal transduction of 
most receptor tyrosine kinases making KRAS a key mediator of RAS/MAPK signaling pathways and ultimately cell 
growth and proliferation.4,5

KRAS mutations occur more commonly in Caucasians and African Americans than in Asian patients5–7 and are more 
common in younger patients.8,9 Smoking is associated with both KRAS mutations and higher mutational burden 
compared to those who have never smoked.10,11 Although the prognostic impact remains controversial, a meta- 
analysis of 53 studies found that KRAS mutations correlate with poor prognosis (HR 1.40; p = 0.01).12 KRASG12C is 
the most common, accounting for 40–50% of KRAS mutations13 and is most commonly seen in lung (14%) and colon 
(4%) adenocarcinoma.14–16

KRASG12C is associated with shorter OS compared to other KRAS mutations (HR 1.39; 95% confidence interval 
[CI]1.03–1.89) and compared to no KRAS mutation (HR 1.32; 95% CI 1.03–1.69).17 Recent data show that central 
nervous system (CNS) metastases are present in 42% of KRASG12C-mutated NSCLC patients at the time of initial 
diagnosis18 and 33–40% during follow-up.19 From a retrospective observational study, patients with KRAS mutant 
NSCLC with baseline CNS metastases had a median overall survival of 9 months when brain metastases were treated 
with surgery and/or radiation and only 5 months when untreated.20

Until recently, KRAS mutations represented an unmet need in treatment of solid tumors despite being one of the most 
frequent oncogenic drivers. Historically, KRAS mutations have been difficult to target, attributed to the overall smooth 
surface structure with lack of binding sites, small dimension, and exceptionally high affinity for GTP/GDP.21,22 The 
potential of targeting KRASG12C was first recognized by Ostrem et al in 2013 who showed that binding an allosteric 
pocket could lock GDP-bound KRAS in its inactive state.23 Studies showed that mutations in codon 12 or 13 of RAS 
proteins impair GTP hydrolysis leaving RAS in the GTP-bound active state.24 This led to the development of sotorasib, 
one of the first in class KRASG12C off-state inhibitors and ultimately to FDA approval of sotorasib for patients with 
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G12C mutant advanced metastatic lung cancer post one prior line of therapy.25 Here, we discuss adagrasib (MRTX849), 
another selective and potent KRASG12C inhibitor with similar mechanism of action to sotorasib.

Structural Characteristics and Mechanism of Action of Adagrasib
Adagrasib is a highly selective and potent oral small-molecule inhibitor of KRASG12C. Adagrasib irreversibly binds 
cysteine 12 in the KRASG12C switch II pocket to lock the molecule in its inactive GDP-bound form.26 This inactivation 
inhibits the rat sarcoma (RAS)/mitogen-activated protein kinase (MAPK) pathway for cellular proliferation. Through the 
use of a 2-fluoroacrylamide warhead, blood stability was achieved with half-life >50 hours. A unique co-crystal structure 
was generated through tetrahydropyridopyrimidine analogue design.

Pharmacodynamic Properties
Having high oral bioavailability, long half-life, extensive tissue distribution, and central nervous system penetration make 
adagrasib an optimal KRASG12C inhibitor.24 In preclinical models, adagrasib demonstrated potent inhibition of KRAS- 
dependent signal transduction with an IC50 (cellular half-maximal inhibitory concentration) of approximately 5 nM and 
cancer cell viability, with a >1000-fold selectivity for KRASG12C compared with wild-type KRAS.9,24

Pharmacokinetics
Adagrasib (MRTX849) demonstrates linear pharmacokinetics.27,28 A single dose of 30 mg/kg to H358 xenograft-bearing 
mice resulted in modified fraction of KRASG12C 74% at 6 hours and 47% at 72 hours.24 This extended effect is consistent 
with irreversible inhibition of KRASG12C by adagrasib (MRTX849). The half-life is 25 hours after a single dose and 63 
hours once steady state is reached.28 Importantly, adagrasib demonstrates CNS penetration.29,30

Preclinical Studies
Hallin et al utilized LCMS-based KRASG12C protein modification assay to show greater efficacy of adagrasib 
(MRTX849) when preloaded with GDP rather than GTP, supporting the notion that adagrasib (MRTX849) binds and 
stabilizes the inactive GDP-bound form.24

In a panel of KRASG12C -mutant cell lines and patient-derived xenograft models, adagrasib demonstrated a wide 
variability of IC 50 values ranging from 10 to 973 nmol/L within in vitro cell viability studies.24 Adagrasib (MRTX849) 
showed >1000 fold selectivity in inhibition of KRASG12C compared to other proteins. At 100 mg/kg/day dosing, 
adagrasib (MRTX849) achieved tumor regression in 17 of 26 (65%) in vitro KRASG12C models. Conversely, this dose 
had no anti-tumor activity in non-KRASG12C models, demonstrating the KRASG12C-dependent mechanism of action.

Clinical Trials
The KRYSTAL-1 (NCT03785249) open-label phase I/Ib expansion cohort trial enrolled patients with advanced/meta-
static solid tumors harboring KRASG12C mutations previously treated with chemotherapy and anti-programmed cell death 
protein (PD)-1 agents. Patients with active brain metastases were excluded from the study although patients were eligible 
if CNS metastases were adequately treated and deemed neurologically stable. In the Phase I expansion, the recommended 
Phase 2 dose was 600 mg twice a day,16 which is 2-folds above the concentration associated with efficacy in resistant 
models and 5-folds above that in sensitive models.28

Recently reported, the results of the updated analysis of the phase I/II KRYSTAL-1 study had 116 patients with 
KRASg12c-mutated NSCLC receiving adagrasib 600 mg twice a day with 112 patients having measurable disease at 
baseline.29 At a median follow-up of 12.9 months, objective response rate (ORR) was 42.9%. The median duration of 
response was 8.5 months (95% CI 6.2–12.8), and median progression-free survival (PFS) was 6.5 months (95% CI 4.7– 
8.4). At median follow-up of 15.6 months, overall survival (OS) was 12.6 months (95% CI 9.2–51.8). Importantly, 
adagrasib demonstrated CNS activity in 19 patients who were enrolled with treated, stable CNS metastases to have an 
objective response rate (ORR) of 33% and a disease control rate of 85%.29,30 Concordance between systemic and 
intracranial disease control was 88%.30 In patients with brain metastases, median duration of intracranial response was 
11.2 months (95% CI 2.99- not evaluable) and median PFS was 5.4 months (95% CI 3.3–11.6).29
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Safety, Tolerability, and Adverse Events
Treatment-related adverse events were common (97.4% of participants), and grade 3 or higher adverse events occurred in 
44.8% of the patients.29 The drug discontinuation rate was 6.9% owing to treatment-related adverse events. The most 
common adverse events include diarrhea (70.7%), nausea (69.8%), fatigue (59.5%), and vomiting (56.9%).

Within the cohort of 19 patients with brain metastases, treatment-related adverse events occurred in 96% of patients 
with grade 3 or higher events in 36% of patients.30 The most common adverse events were nausea (80%) and diarrhea 
(80%). Adverse events led to drug discontinuation in 4% of patients.

Other Agents
AMG-510 was the first selective KRASG12C inhibitor to receive accelerated approval for clinical practice. The phase 
I portion of the clinical trial produced 32% confirmed response with 56% of patients with stable disease.31 More than 
90% of patients who received the highest dose of 960mg daily achieved disease control. In the Phase II portion, 960 mg 
daily dosing was utilized and resulted in 37.1% of patients with confirmed response and 80.6% of patients with disease 
control. Both phase I and phase II had similar PFS, in 6.3 months and 6.8 months, respectively. In both phases, grade 4 
adverse events occurred in only one patient. The most common adverse events were elevations in LFTs, which 
downtrended upon dose reduction and steroid treatment (NCT03600883). Given the favorable safety profile, further 
studies are ongoing in different settings.

A newer generation KRASG12C inhibitor JNJ-74699157 (ARS-3248) is currently being studied in the phase I setting 
(NCT04006301) as well as KRASG12C inhibitors LY3499446 (NCT04165031), GDC-6036 (NCT04449874), and D-1553 
(NCT04585035). Furthermore, the ras “on” inhibitors are under development. These inhibitors require a chaperone 
protein called cyclophilin. The drugs make a binary complex with cyclophilin that in turn attaches to the KRAS on-state. 
Revolution Medicine has introduced the first in class RAS-ON inhibitors and these include RMC6291, a G12C on- 
inhibitor, RMC9805, a G12D on-inhibitor, RMC8839, a G13C on-inhibitor, and RMC6236, a tricomplex RAS-“Multi”- 
ON inhibitor which is expected to work beyond G12C including G12D, G12V and G12R.32

Future Directions
While the accelerated approval of sotorasib and the clinical activity demonstrated by adagrasib were major breakthroughs 
in the field of KRAS, unfortunately, the development of resistance to adagrasib and other KRAS G12C inhibitors is 
inevitable and can occur “on target” as well as both upstream sites (EGFR, HER2, FGFR) and downstream sites (MAPK/ 
MEK pathway). Resistance mechanisms may also occur by means of bypass mechanisms such as MET amplifications 
and oncogenic fusions such as ALK and RET.33 Some notable “on-target” resistance mutations include r68, H85, and 
Y96. In particular, the Y96D mutation has been described as a mechanism of resistance to sotorasib, disrupting the 
hydrogen bond between Y96 and the carboxyl group of sotorasib, thereby affecting the switch pocket.34 Another study 
exposed 142 Ba/F3 cells, transduced with KRASG12C via retroviruses, to sotorasib or adagrasib, and looked for 
secondary resistance mutations.35 Twelve secondary mutations were identified in 124 clones. Y96D and Y96S mutations 
were found to be resistant to both KRAS G12C inhibitors. The addition of BI-3406, a SOS1 inhibitor, plus trametinib 
was able to provide activity against these resistances.

In order to overcome these resistances, utilization of aforementioned upstream and downstream pathways as well as 
other mechanisms (ie, checkpoint inhibitors) to develop combination strategies to enhance the activity of existing KRAS 
inhibitors is being evaluated. Indeed, a combination study of RMC4630 (SHP2 inhibitor) and sotorasib (NCT05054725) 
and similar studies are ongoing. SHP2 has a role in recycling KRAS between inactive and active form.36 As G12C 
inhibitors target the inactive KRAS (or GDP-KRAS), therefore, SHP2 inhibition is anticipated to keep more GDP bound 
for drugs like sotorasib or adagrasib to work. Another potential target is Son of Sevenless (SOS), which is one of the 
partners of SHP2 and is a protein that is part of the RAS complex and plays a role in converting KRAS GDP to GTP. 
Attempts have been made to target SOS as well as pre-clinical and clinical studies in combination with G12C and SOS 
inhibitors are ongoing although SOS is a tricky target and has toxicity associated with its inhibition. In fact, KRYSTAL 
14, a Phase 1 study (NCT04975256) combining adagrasib with BI1701963 (SOS1 inhibitor) and a few other studies 
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utilizing BI1701963 (NCT04111458, NCT04835714, NCT04627142) have been abandoned or terminated due to con-
cerns of toxicities. One must carefully watch the outcome of G12C inhibitor combinations with SOS inhibitors. Going 
further downstream in the KRAS pathway, a new approach of “ras clamp” strategies that simultaneously block both RAF 
and MEK (VS-6766/VerastemR) is also emerging. This strategy shows impressive blockade of MEK phosphorylation and 
studies with the clamp inhibitors are ongoing (NCT05074810, NCT05375994).

Multiple combination strategies are being developed to increase the efficacy of KRAS inhibition. In the meantime, 
equally important would be to identify signatures and co-mutations that could predict outcomes to KRASG12C 
inhibitors, so that therapy could be tailored, either intensified or de-intensified for individual patients. For example, 
tumors with KRAS and p53 mutations carry inflammatory signatures and have been postulated to benefit from immune 
checkpoint inhibitor combination therapies, while tumors with mutations in KRAS and STK11 are thought to be immune 
inert. These observations merge the KRAS and immunotherapy fields together and multiple studies are being done to 
evaluate the combination of G12C inhibitors and immunotherapy (NCT04613596, NCT04185883, NCT04449874, 
NCT04699188, NCT04956640). Furthermore, analysis is needed to determine additional biomarkers, ideally from 
circulating tumor DNA, that could correlate with treatment efficacy and resistance to identify appropriate target 
populations. Table 1 summarizes select ongoing studies utilizing adagrasib.

Conclusion
As shown by Janne et al, adagrasib (MRTX849) was shown to have significant clinical activity in heavily pretreated 
patients and even demonstrated objective responses in patients without response to prior treatments.29 Based on these 

Table 1 Ongoing Trials of MRTX849/Adagrasib

Trial 
Identifier

Study Drugs Phase Population Number 
Subjects

Primary 
Endpoint

Status

NCT04685135 Adagrasib vs docetaxel 3 Previously treated NSCLC 340 PFS Recruiting

NCT05375994 VS6766 + adagrasib 1/2 NSCLC 85 ORR and DLT Not yet 

recruiting

NCT04613596 Adagrasib ± 

pembrolizumab

2 Advanced NSCLC 250 ORR Recruiting

NCT05162443 Adagrasib 4 Solid tumors N/A N/A Available

NCT04975256 

KRYSTAL 14

Adagrasib + BI1701963 1/1b Solid tumors 100 AEs, PK, DLT Active, not 

recruiting

NCT05178888 

KRYSTAL 16

Adagrasib + Palbociclib 1/1b Solid tumors 50 AEs, PK, DLT Recruiting

NCT04330664 

KRYSTAL 2

Adagrasib + TNO155 1/2 Solid tumors 86 AEs, PK Active, not 

recruiting

NCT04418661 Adagrasib + SAR442720 1/2 Metastatic cancers 133 AEs, DLT, ORR, PK Recruiting

NCT03785249 

KRYSTAL 1

Adagrasib 1/2 Solid tumors 740 AEs, PK, ORR Recruiting

NCT05272423 Sotorasib vs adagrasib Cohort Solid tumors 500 Geonomic 

mechanisms 

resistance

Not yet 

recruiting

NCT05263986 Adagrasib 1 Solid tumors 24 PK Recruiting

NCT04793958 Adagrasib + Cetuximab 

vs chemotherapy

3 Advanced colorectal cancer; 

progression on first-line therapy

420 OS, PFS Recruiting

Abbreviations: PFS, progression-free survival; ORR, overall response rate; DLT, dose-limiting toxicity; AE, adverse event; PK, pharmacokinetics; OS, overall survival.
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promising results from the phase I/II KYRSTAL-1 trial, expansion cohorts for KRASG12C–mutated NSCLC and CRC are 
ongoing. While having two new potent drugs of sotorasib and adagrasib in the field of KRAS was a recent major 
breakthrough, more needs to be done to overcome the inevitable resistance of KRAS inhibition and to come up with 
more efficacious and better tolerated strategies with focus on individualized genomic approach.

Abbreviations
CNS, central nervous system; CI, confidence interval; GDP, guanosine diphosphate; GTP, guanosine triphosphate; IC50, 
cellular half-maximal inhibitory concentration; KRAS, Kirsten rat sarcoma virus; MAPK, mitogen-activated protein 
kinase; NR, not reached; NSCLC, non-small cell lung cancer; ORR, objective response rate; OS, overall survival; PD-1, 
programmed cell death 1; PFS, progression-free survival; RAS, rat sarcoma.
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