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ABSTRACT: Kristen Rat Sarcoma Virus [KRAS] belongs to family of guanine nucleotide binding proteins. KRAS consist of 

mutation as G12D, G12V, G13D and Q61H which originates in biliary tract, small intestine, colorectal, lung and pancreatic cancer. 

KRAS G12D converts inactive GDP to active GTP by GEF which is responsible and tumor formation for this reason it becomes the 

most targeted site. Targeting the KRAS G12D mutation previously remained a challenge due to lack of druggable pockets on the 

surface of RAS. Recently, the first selective non covalent inhibitor MRTX1133 of KRAS G12D was depicted to show activity in 

preclinical trial and currently it in under phase 1or 2 studied under Mirati Therapeutics Co. Ltd. Various KRAS G12D inhibitors were 

discovered as HRAS-4642, BI-1701963, BT-1823911, BI-2852, TH-2801, TH-2816 which are under clinical trials. In this, review we 

summarize the KRAS G12D mutant importance in solid tumors, prior attempts at inhibiting mutant KRAS, and the current promising 

targets agents being investigated in clinical trials. 

 

 

Ⅰ. INTORDUCTION 

 

KRAS is one of the greatest repeatedly mutated oncogenes in all social malignancies and is seen in 1 in 7 of all human tumours [1]. 
The oncogenic effects of the KRAS gene were first described in 1980s, producing KRAS one of the first recognized oncogenes [2]. 

The human RAS gene family encompasses KRAS, HRAS and NRAS, all of about change 21 k Da small GTPase proteins that are 

stimulated on the inner cell membrane and transduce extracellular progress stimuli signals to intracellular effector signalling cascades 

[3]. It is superficial that mutations at additional places in KRAS, including codon 12, 13, 59, 61, 117, and 146 mutations [4]. We 

believe noncovalent allosteric inhibition will be required to mark some of the salient mutations in KRAS including G12D, G12V, 

G13D, and Q61H originate in biliary tract, small intestine, colorectal, lung, and pancreatic cancers [5]. G12D mutations predominate 

in pancreatic channel adenocarcinoma and carcinomas of the colon and rectum [6].  

 

1.1 MOLECULAR CELL BIOLOGY OF RAS 

 

RAS proteins (G-Protein) cycle between an active GTP bound and an inactive GDP bound state [7]. KRAS has been known as a 

KRAS-1 pseudogene on short arm of chromosome 6 and KRAS-2 gene, situated on the short arm of chromosome 12 (12p11.1-

12p12.1) [8]. KRAS-2 coding region extents across six exons and measures over 45 kB.  Two protein isoforms of KRAS 2, KRAS-4A 

and KRAS-4B are produced due to alternate merging on its fourth exon, principal to 188 and 189 monomeric amino acid sequences, 

respectively. Ras proteins belong to the small GTPase family and are involved in transmitting growth, survival, and proliferation 

signals within cells. Two regions of Ras proteins, Switch I (residues 30-40) and Switch II (residues 60-76), undergo significant 

conformational changes and form effector-protein interaction surfaces upon GTP binding. KRAS shifts between an inactive, 

guanosine diphosphate (GDP)-bound state, and an active, guanosine triphosphate (GTP)-bound state. While bound to GDP, KRAS is 

inactive. Receptor activation leads the stimulation of a family of guanine nucleotide exchange factors (GEFs), which cause GDP’s 

exchange with GTP. GTP-bound KRAS transduces signals to downstream effectors and stimulates multiple signalling pathways, 

including the RAF family of kinases and phosphatidylinositol 3-kinase (PI3K) that in turn activate a cascade [9]. Under normal 

physiological conditions, the KRAS gene encodes the GTPase transductor protein, which plays a key role in the signal transduction 

cascades that control cell growth, proliferation, migration, differentiation, survival, and apoptosis [10]. 

In Normal cell, after activation of receptor RAS protein convert inactive RAS-GDP into active RAS-GTP by guanine nucleotide 

exchange factors (GEF) further activation of downstream signalling RAF/MEK/ERK and Ral A/B pathway that regulate the cell 

division, differentiation and growth of cell. Completion of cell growth the active form of RAS-GTP is hydrolysed by GTPase 

activating protein (GAP) to RAS-GDP inactive form, but in cancer cell RAS-GTP remains in “ON” state as active form and 

continuously formation of cell growth, proliferation which it’s converts into tumour cancer cell and invasive spreading in body.  
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Shown in Figure 1. 

 

 

 

                             

 

  

 

             

 

 

                                                    

 

 

Fig.1 RAS: Oncogene protein, KRAS: Kirsten Rat Sarcoma Viral Proto-Oncogene, GAP: GTPase-activating protein, GEF: Guanine 

nucleotide-exchange factor, GDP: Guanosine diphosphate, GTP: Guanosine-5'-triphosphate. 

 

1.2 KRAS MUTATION LEADS TO CANCERS 

 

Pancreatic cancer is the lethal gastrointestinal malignancy, as the fourth foremost source of cancer-related death and with one of the 

lowermost 5-year survival rates, at only 11% [8]. The four most generally mutated genes in pancreatic cancer are KRAS, CDKN2A, 

TP53, and SMAD41]. Lung cancer, poses a serious hazard to human health, as directed by the top-ranking morbidity and mortality 

rates worldwide and in China [11]. NSCLC was further classified into different subtypes giving to the incidence of gene mutation, 

such as EGFR, ALK, MET, ROS-1, KRAS (Chen et al., 2014) 10]. only 58% of NSCLC patients with KRAS-mutant NSCLC were 

shown to have a high expression of PD-L1 and penetration of CD8+ tumour-infiltrating lymphocytes (TILs), and not all patients 

helped from anti-PD-1 immunotherapy. Colorectal Cancer had the second main KRAS mutation rate [11]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
  
 

 

 

GTP 

RAS 

GDP 

RAS 

GEF 

GTP 

 

GDP 

Pi 

Homeostasis 

GTP 

 

GEF 

 

Pi 

 

RAS 

 

GTP 

 

GDP 

 

Oncogenesis 

 Mutant 

KRASG12D 

Normal cell 

Cancer cell 

 

http://www.jetir.org/


2024 JETIR February 2024, Volume 11, Issue 2                                                             www.jetir.org (ISSN-2349-5162) 

JETIR2402136 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b344 
 

1.3 DETAILS ACCOUNTS OF ABOUT RAS ONCOGENE 

 

                                     

                                     Types of RAS                      Types of cancers                Types of mutations  

                                         Oncogene                     arising from mutation         at various codon position 
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Fig.2 RAS: Protein Oncogene; KRAS: Kirsten Rat Sarcoma Viral Proto-Oncogene; HRAS: Harvey Rat Sarcoma Viral Oncogene 

Homolog; NRAS: Neuroblastoma RAS Viral Oncogene Homolog; PDAC: Pancreatic duct adenocarcinoma; LC: Lung cancer; CRC: 

Colorectal cancer; UBC: Urinary bladder cancer; BTNAC: Brain tumour and neck cancer. 

 

 

Ⅱ. PATIENTS SURVIVAL AND MORTALITY ANALYSIS 

 

Marco H. Hofmann et al. reported that KRAS mutations and/or KRAS wild-type amplifications are often found in colorectal cancer 

(United States ∼45%, China ∼49% of cases), pancreatic cancer (United States ∼90%, China ∼87% of cases), and NSCLC (subtype 

adenocarcinoma: United States ∼35%, China ∼13% of cases. About 166,000 newly analysed tumours harbour a KRAS driver 

mutation, around 9,000 transfer a KRAS wild-type magnification, and 4,000 patients show several KRAS variations. There were 138 

patients in total who were not KRAS G12D, including KRAS wild-type patients (59.5%) [4]. KRAS mutations are most mutual in 

PDAC, with 81.72% of patients offering KRAS mutations [12]. Pancreatic cancer, of which pancreatic ductal adenocarcinoma 

(PDAC) characterizes the huge mainstream, is a strangely aggressive and toxic disease with an overall 5-year survival rate of only 

near 8%. The incidence of this disease in the US is assessed to rise to 53,670 new cases in 2017 and it is presently the fourth important 

cause of cancer mortality in both males and females [13]. Qian Yu He et al. reported that amongst all types of enmities, the frequency 

of PDAC is at an impartially high level (2.6% ranked 14th in 2020), while the mortality rate is much higher (4.7% ranked 7th in 

2020). In many countries, the trend in the occurrence and mortality of PDAC has moreover continued basically the same or has 

amplified to some extent, which may be due to obesity, diabetes, alcohol, and other factors. patients with resectable or borderline 

resectable PDAC, postoperative adjuvant chemotherapy for six months with fluorouracil and leucovorin progresses medium survival 

(19.7 months in 238 patients vs. 14.0 months in 235 patients. Ogura et al. analysed 242 patients with unresectable pancreatic cancer 

and found that those in the KRAS mutation group had a significantly shorter survival related to the wild-type group. On the contrary, a 

recent study on 219 patients with advanced PDAC found that there was no significant difference in survival between the mutant 

KRAS and KRAS wild-type groups. However, overall, as confirmed in a recent meta-analysis, patients with KRAS mutation had 

lesser overall survival [14]. KRAS is a significant driver gene in the development of NSCLC, and the mutation rates of KRAS in 

Western 20%-30% and Asian 10%- 15% patients with NSCLC [11].  

 

 

Ⅲ. HISTORY OF KRAS INHIBITORS UPTO RECENT 

 

KRAS mutation arises in almost 30% of human malignancies, yet the maximum prevalent and oncogenic KRAS G12D variant still 

lacks inhibitors [1]. The common strategies adopted for anti-RAS drug development can be broadly classified into direct and indirect 

approaches [15]. Direct methods comprise compounds that bind directly to RAS and interrupt the interactions between RAS and 

GEFs/effectors. Indirect strategies comprise: (1) hindering proteins such as farnesyltransferase or PDEδ that encourage the association 

of RAS by plasma membrane; (2) pointing proteins complex in RAS downstream signalling; (3) preventing synthetic mortal 

interaction partners for mutant RAS and (4) targeting progressions that are RAS controlled, for example, micropinocytosis and 

autophagy [6]. Unacceptable clinical trial results from the indirect strategies have failed to offer any RAS drugs, hence, targeting RAS 

genes directly has been considered as a practical approach [16]. 

 

 

3.1 DRUG RESISTANCE 

 

HTS has been used to recognize frequent compounds capable of troublemaking the KRAS signalling pathway. However, no therapy 

capable of specifically and effectively targeting mutant KRAS is now available. The problem is not due to a lack of therapeutic 

targets, but rather due to a lack of a complete understanding of the biology ultimate the disease. Cell signalling is often depicted as a 

linear cascade, and this model is used to identify potential therapeutic targets. However, the linear depiction of cell signalling is a 

simplification. In reality, cell signalling is complex and dynamic, in which one protein interacts with many others in a non-linear, 

circuit-like fashion. Cancer is not caused by just one genetic mutation or abnormal protein that drives the disease. As an alternative, 

several mutations remaining together form and drive the progression of cancer. Thus, effective treatment will necessitate the 

regulation of many targets to achieve a continuous response. Therefore, a therapy capable of inhibiting multiple pathways/targets is 

likely the best option for treating mutant KRAS-driven cancers. KRAS can activate both PI3K and RAF, which lie in different 

signalling cascades. If only one pathway is withdrawn, the cell can circumvent this event by overexpressing the other pathway, and 

thereby create a resistant phenotype. For example, treatment with just the multi-kinase inhibitor PP-121,120 which is active against 

PI3K without blocking the RAS/RAF pathway, will likely be ineffective in patients. A better treatment option would be blocking both 

the PI3K and the RAS/RAF pathways, which could be achieved by the combination of a MEK inhibitor, such as 14, with an AKT 

inhibitor, such as MK-2206 .120 Inhibition of both pathways simultaneously may be able to produce better efficacy in mutant KRAS-

driven cancers, as opposed to the inhibition of only one pathway. The design of a successful cancer therapeutic relies on an 

understanding of the biology underlying the disease. The idea that cells signal in a linear fashion is quickly becoming antiquated and is 

being replaced with circuit-type models. Likewise, cancer treatments need to be designed under the notion of circuit signalling. We 

expect that employing this rationale will lead to better treatments, more effective drug combinations, and better outcomes for patients. 

 

Ⅳ. KRAS G12D INHIBITORS 

 

4.1 Mechanism of Action of KRAS G12D Inhibitors: 

 

The G12D is a more common mutation, especially in pancreatic cancer, colon and lung cancers. Due to the deficiency of the mutated 

cysteine, it is of great task to target KRAS G12D [14]. It is estimated that pancreatic cancer will turn out to be the second leading 
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cause of cancer-related deaths by 2030, which highlights the need to develop new treatment drugs to improve the survival rate of 

patients with pancreatic cancer. 

1) KRAS G12D is the most common KRAS mutation, inducing an aggressive phenotype via the activation of MAPK, PI3K, and Ras-

like GEF (RalGEF) pathways. 

2) However, when compared to KRAS G12C, selective inhibition of KRAS G12D presents a substantial challenge due to the 

requirement of inhibitors to bind KRAS G12D with high adequate affinity to avoid the necessity for covalent interactions with the 

mutant KRAS protein. The common strategies approved for anti-RAS drug development can be generally classified into direct and 

indirect approaches. Direct approaches comprise compounds that directly bind to RAS and disturb the interactions between RAS and 

GEFs/effectors. Indirect approaches include: (a) Inhibiting proteins such as farnesyltranseferase or PDE that encourages the 

association of RAS with plasma membrane. (b) Targeting proteins involved in RAS downstream signalling. 

(c) Inhibiting synthetic lethal interaction partners for mutant RAS. (d) Targeting processes that are RAS regulated, for example, 

macropinocytosis and autophagy.  

3) Although KRAS G12D is an excellent drug discovery target for many cancers, no drug directly targeting KRAS G12D has been 

clinically approved. Targeting the KRAS G12D mutation with a small molecule still remains a challenge due to deficiency of 

druggable pockets on the surface of RAS. However, with the study of RAS binding to low molecular weight organic molecules and 

the recent FDA approval of AMG 510 (Lumakras), a KRAS G12C inhibitor binding to GDP, there has been a resurgence of research 

surrounding RAS. 4) Recent studies have revealed that mutated KRAS expression is associated with reduced anticancer activity of 

gemcitabine and paclitaxel, the drugs currently used in the clinical treatment of pancreatic cancer, and new therapeutic strategies of 

targeting KRAS should inhibit tumour cell growth and combat drug resistance. 

5) KRAS mutations lead to a reduction in intrinsic GTPase activity, which further reductions the rate of GTP hydrolysis and 

ultimately remains to activate downstream pathways and produce carcinogenesis. The intrinsic hydrolysis rate of the KRAS G12C 

mutation is equivalent to approximately 70% of that of the wild-type KRAS, while the intrinsic hydrolysis rate of the KRAS G12D 

mutation is only less than 30%. This disadvantage poses a challenge for the design of KRAS G12D inhibitors. It is similarly 

challenging to determine whether the inhibitor has sufficient affinity for 12-aspartate involved in the KRAS G12D mutant to evade 

binding to wild-type KRAS [9]. 

 

4.2 Recent Progresses of KRAS G12D Inhibitors:  

 

1. Kessler et al. discovered BI-2852 as a direct inhibitor of KRAS that targets the region between switch I and II. BI-2852 was 

shown to form polar interactions with Glu37, Ser39, and Asp54, and by doing so, it blocks the interaction of KRAS with SOS 

and also a bridged pERK and pAKT levels. BI-2852 reduced pERK and pAKT levels in a dose-dependent manner, leading to 

an antiproliferative effect in NCI-H358 cells. The effects of this were established to be KRAS-driven and not undefined 

effects, through the constant data generated for the 10-fold weaker distomer. This compound exhibited a significantly reduced 

ClogP of 2.6 and had a solubility of 18 μg/mL at pH 6.8 while maintaining nanomolar binding affinity to GTP-KRAS G12D 

(KD = 750 nM) as measured by ITC and with an IC50 of 450 nM in the Alpha Screen [9] Using biochemical assays, they 

investigated whether this inhibited 3 of the 4 PPIs important for KRAS cycling. Namely, a) GDP KRAS interaction with the 

catalytic site of SOS b) GTP KRAS interaction with the allosteric site of SOS and c) GTP-KRAS interaction with 

downstream effectors (CRAF and PI3Kα). They were unable to establish a biochemical assay for the fourth intervention 

point, namely, d) GTP-KRAS interaction with its GAPs. As a reference compound for these assays, they used the KRAS 

G12C-specific covalent inhibitor ARS-1620.  BI-2852 inhibited all 3 RAS cycle intervention points (1 to 3) in a dose-

dependent manner in the range of 100 to 770 nM.  This highlights the potential for significant improvement beyond the 

current potency of BI-2852(e.g., IC50 of 180 nM for the PPI between active KRAS G12D and CRAF) and indicates that the 

SI/II-pocket is indeed druggable.  The SI/II-pocket is involved in interactions with GEFs, GAPs, and downstream effectors, 

and they provide evidence that BI-2852 inhibits all of these PPIs. The effects of BI-2852 were established to be KRAS-driven 

and not off-target through the constant data generated. They expect BI-2852 to serve as a beneficial chemical probe for the 

learning of RAS biology in an in vitro setting, and it is available to the scientific community. BI-2852 is likewise an ideal 

starting point for the design of more-potent and selective RAS inhibitors. It was observed that BI-2852 bound to GTP-KRAS 

G12D with a nanomolar binding affinity (IC50 of 450 nM). (Kessler et al., 2019; Chen et al., 2020) [9]. 

2. Vasta et al. (2022) used the NanoBiT protein-protein interaction assay to assess the inhibitory effect of MRTX-EX185 on 

KRAS G12D in cells and demonstrated that MRTX-EX185 is a potent KRAS G12D inhibitor, albeit with low affinity [14]. 

3. Welsch et al. designed a small molecule compound, named 3144, had affinity in the micromolar range, but toxicity and off-

target activity of compound 3144 were detected in cells and mice. In addition, its low water solubility made it problematic to 

use in some contexts (Welsch et al., 2017; Khan et al., 2020). 

4. TH Z835 was designed based on salt-bridge and induced fit pocket formation for KRAS G12D targeting and inhibited the 

proliferation of cancer cells and significantly reduced the tumour volume. However, THZ835 had an off-target effect because 

the inhibition was not fully dependent on KRAS mutation status (Mao et al., 2022). 

5. Mirati Therapeutics announced a selective non-covalent inhibitor, MRTX1133 of KRAS G12D. The structure of MRTX1133 

is based on MRTX849, a KRASG12C inhibitor established by Mirati Therapeutics. Based on the structure of MRTX849, the 

electrophilic receptor, acrylamide, was substituted with piperazine to form intermolecular ion pair force. MRTX1133 binds to 

the switch-II pocket and prevents the protein−protein interactions necessary for the activation of the downstream pathway of 

KRAS. Jianxin Cheng et al., found that MRTX1133 could bind to both the GDP-bound state (inactive) and the GTP-bound 

(active) state of KRAS G12D and inhibit the active function of KRAS G12D. It is straight forward that the binding of 

MRTX1133 to the GDP (inactive) bound state of KRAS G12D may stabilize the KRAS G12D in an inactive form. Further 

remarkably, how MRTX1133 bound to GTP-bound state of KRAS G12D and not employ the active function of KRAS G12D 

has not been fully understood. Compared with KRAS G12C inhibitors, the development of KRAS G12D inhibitors faces 

greater challenges due to the deficiency of covalent bound anchor.  The KRAS G12D small molecule inhibitor MRTX1133 

has revealed remarkable antitumor effects. In summary, inhibitor MRTX1133 stabilize the switch II region and leave the 

switch I region dynamically in an inactive conformation [17]. 
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6. The investigators introduced a salt bridge between the inhibitor and 12-aspartate to enhance the reversible affinity for KRAS 

G12D. This strengthened the selectivity of the inhibitor for KRAS G12D through a series of modifications to avoid binding 

to wild-type KRAS. Compared to several KRAS G12C inhibitors whose alterable affinity for the target is in the micromolar 

range {Canon, J.et al. (2019); & Fell, J.B.et al (2020)}, MRTX1133 has a picomolar range of reversible affinity for 

KRASG12D.  At present, this is in clinical phase and additional studies is going on [15]. 

7. Michael J et al combined structure-based design with a battery of cell and biophysical assays to determine a novel 

pyrazolopyrimidine-based allosteric KRAS inhibitor that binds to activated KRAS with sub-micromolar affinity and 

interrupts effector binding, thereby inhibiting KRAS signalling and cancer cell. Pyrazolopyrimidine-based compounds may 

represent a first-in-class allosteric noncovalent inhibitor of KRAS. The inhibitory potential of compounds was tested in 

monoclonal baby hamster kidney (BHK) cell lines stably expressing monomeric green fluorescence protein (mGFP)-tagged 

KRAS G12D. Compound (2- [4-(8-methyl-3,9- diphenyl-2,6,7-triazabicyclo[4.3.0]nona-2,4,7,9-tetraen-5-yl)- piperazin-1-

yl]ethanol) is druglike (drug likeness = 4.1) and somewhat polar with six hydrogen bond donors and two acceptors (clogP = 

0.87). It has a pyrazolopyrimidine core rather than an indole or imidazole ring typical in published ligands. Compound binds 

to GTP KRAS with submicromolar affinity, inhibits MAPK signaling, and decreases the growth of cancer cells expressing 

mutant KRAS more competently than those expressing HRAS. They propose that the piperazine ethanol group interacts with 

switch 1 of KRAS and plays a serious role in revoking effector binding, whereas the potentially switch 2-interacting nonpolar 

moieties attached to the pyrazolopyrimidine core modulate GEF activity and contribute to high-affinity binding. These 

insights provide ideal starting points for further optimization of our highly promising lead compounds. Compound may 

characterize the first small molecule to selectively bind GTP-bound KRAS with high affinity. Compound dose-dependently 

decreases both p-ERK and p-cRaf levels in BHK cells expressing KRAS G12D, suggesting inhibition of RAS signalling via 

the MAPK pathway [18]. 

8. Yutingwang et.al selected 69 compounds of pharmacophore-base screening were docked into the KRAS G12D binding site. 

TH-Z835 was used as the positive control and has a docking score of - 10.04 kcal/mol. Based on docking scores, four top 

compounds (namely, hit compounds 1–4) below -10.04 kcal/mol and other three hit compounds (namely, hit compounds 5–7) 

ranking below them were further selected for predicting the three-dimensional interaction modes similar to THZ835.  Hit 

compounds 1–4 exhibited hydrogen-bond interactions with the key amino acids in the active site including His95, Glu62, 

Gly60, and Asp12. Compared with TH-Z835, halogen atoms in the skeleton of hit compounds 1–4 not only could show 

stronger hydrophobic interactions with Val9, but also could greatly increase molecular liposolubility and metabolic stability. 

TH-Z835, hit 3 with the IC50 value of 43.80 nM exhibited a stronger anti-proliferative activity on Panc 04.03 cells. 

Therefore, hit compound 3 was carefully chosen as a lead compound and further used for anti-tumor experimental evaluation 

in vivo. In this experiment, the MTT method was used to detect the properties of hit compounds 1–4 on the proliferation of 

human pancreatic cancer cells (Panc 04.03). The results showed that hits 1–4 had a dose dependent effect on the proliferation 

of Panc 04.03 cells. In addition, their IC50 values were further calculated. Compared with other hits and the positive control. 

The MST experimental result showed that hits 1–4 had sub nanomolar affinities for KRAS G12D. Particularly, hit compound 

3 had a remarkable anti-proliferation effect on human pancreatic carcinoma and significantly inhibited tumour growth in 

tumour bearing mice. Since hit compound 3 is the most promising lead compound targeting KRAS G12D, structural 

optimization of hit compound 3 is currently under way in their laboratory to further discover structurally novel and more 

active KRAS G12D inhibitors [14].  

9. Various strategies have been testified for targeting KRAS G12D, including those using indole-based small molecules to 

target a switch-I/II pocket compound (KAL-21404358) to target the P110 site, a pan-RAS inhibitor (compound 3144) to 

target the A59 site, and a cyclic peptide (KD2) to target KRAS G12D none of these molecule’s targets KRAS G12D with 

appropriately low (micromolar) concentration. Rey-Ting Guo et al., speculated that a compound targeting the aspartic acid 

residue of KRAS G12D may in some way bind to KRAS G12D (similar to that formed between inhibitors and the cysteine 

residue of KRAS G12C), as a result may induce an allosteric pocket. They successfully developed a series of small molecule 

inhibitors of KRAS G12D, which function by inducing an allosteric S-IIP and forming a salt bridge bonding with Asp12 

residue, as established by crystallographic studies. These inhibitors bind to both GDP-bound and GTP-bound KRAS G12D, 

efficiently disrupt KRAS–CRAF interaction. They synthesized TH-Z801, which exert inhibition (IC50 = 115 μM), assessed 

based on the GDP exchange rate of KRAS G12D as catalysed by SOS. Further chemical investigation focusing on piperazine 

substitution yielded TH-Z816 (wherein the piperazine was (R)-methyl-substituted), which had relatively strong inhibition 

activity (IC50 = 14 μM). A salt bridge-based strategy for targeting KRAS G12D with a methyl-substituted piperazine 

inhibitor.  Assuming that the α-carboxylic acid moiety of Asp12 is deprotonated under physiological conditions, we chased a 

strategy based on the formation of a strong interaction (salt-bridge) between Asp12 and an alkyl amine moiety on an 

inhibitor. They further conducted isothermal titration calorimetry (ITC) assays to test whether TH-Z816 can bind directly to 

KRAS G12D. Indeed, the detected binding affinity (KD) of TH-Z816 with KRAS G12D (GDP-bound) was 25.8 μM [2]. 

10. HRS-4642 is also an inhibitor which treats advanced solid tumours with KRAS G12D mutation. Recently this inhibitor is 

under phase 1 of clinical trial. Jiangsu HengRui Medicine Co, Ltd. Company carries out further study and evaluate safety and 

tolerability of HRS-4642 to estimate maximum tolerated dose (MTD) and biologically active dose within investigated subject 

population groups. 

11. BI-1701963 is a small molecule protein-protein interaction inhibitor that prevents the interaction between KRAS and SOS  

12. Binding of BI-1701963 to the catalytic site of SOS1 inhibits binding of SOS1 to RAS-GDP, thereby hindering activation of 

KRAS proteins. 

13. Preclinical studies demonstrated cytostatic effects for BI-1701963 in cancer cells with an activated KRAS pathway, and 

combination with a MEK inhibitor resulted in a more pronounced effect. 

14. Boehringer Ingelheim Company studies this inhibitor and currently it is under phase 1 of clinical trial. 

15. BI-1823911 used for Advanced or Metastatic solid tumour with KRAS G12D Mutation and currently it is under phase 1 of 

clinical trial. Karyopharm Therapeutics Inc. Company studied KPT-8602 inhibitor for metastatic colorectal cancer which is 

under phase 1 and 2 of clinical trial. Sequentially we have mentioned in below. 
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A= BI-2852 

B= MRTX-EX185 

C= 3144 

D= TH-Z835 

E= MRTX1133 

 F= (2-[4-(8-methyl-3,9-diphenyl-2,6,7-triazabicyclo[4.3.0]nona-2,4,7,9-tetraen-5-yl)- piperazin-1-yl]ethanol) 

G= 4-(4-((7S)-3, 8-diazabicyclo[5.1.0]octan-3-yl)-2-((1-(2-cyclopentylethyl)pyrrolidin-2-yl)methoxy)-8-fluoropyrido[4,3-

d]pyrimidin-7-yl)-5-chloronaphthalen-2-ol 

H= TH-Z801 
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Table 4.2: List of Discovered KRAS G12D Inhibitors 

 

 

 

 

Ⅴ. FUTURE DIRECTONS AND CONCLUSION 

 

Specific KRAS G12D inhibitors will change the therapeutic landscape of KRAS-driven tumours, benefiting many patients with KRAS 

mutations. Undesirably innate and acquired resistance to KRAS inhibitors has delayed their development, rendering these new drugs 

less effective or even ineffective. In preclinical studies, possible resistance mechanism for KRAS mutation therapy include secondary 

 

DRUG 

 

TUMOUR TYPE 

 

IC 50 

 

PHASE 

 

DESCRIPTION 

 

Clinical trial.gov. 

identifier 

 

MRTX1133 

Advanced Solid 

Tumors with 

KRAS G12 D 

Mutation 

2nM ½ MRTX1133 binds to the switch-

II pocket and inhibits the 

protein−protein interactions 

necessary for the activation of 

the downstream pathway of 

KRAS. 

NCT05737706 

 

HRS-4642 

Advanced solid 

tumors’ harboring 

KRAS G12D 

Mutation 

--- 1 To evaluate safety and 

tolerability of HRS-4642. To 

estimate maximum tolerated 

dose (MTD) and biologically 

active dose within investigated 

subject population groups. 

NCT05533463 

 

BI-1701963 

Metastatic 

Colorectal Cancer 

50 mg 1 Monotherapy safety run-in part, 

combination dose escalation 

part, a randomization will be 

included for the expansion 

therapy part. 

NCT04627142 

 

BI-1823911 

Advanced or 

Metastatic solid 

tumor with KRAS 

G12D Mutation 

50 mg 1 The purpose of study is to find 

the highest dose of BI 1823911 

that people can tolerate when 

taken alone and together with 

BI-1701963. 

NCT04973163 

 

KPT-8602 

Metastatic 

colorectal cancer 

(Mcrc) 

-- Phase 1 

Phase 2 

First in human dose escalation 

(phase 1) & dose expansion 

(phase2), to assess preliminary 

safety, tolerability, and efficacy. 

NCT02649790 

 

BI-2852 

Advanced Solid 

Tumors with 

KRAS G12D 

Mutation 

450 Preclinical 

Phase 

Direct inhibitor of KRAS that 

targets the region between 

switch I and II. 

--- 

 

Compound 11 

Advanced Solid 

Tumors with 

KRAS G12D 

Mutation 

1.3μM Preclinical 

Phase 

Compound 11 binds to 

GTPKRAS with sub micro 

molar affinity , and reduces the 

growth of cancer cells 

expressing mutant KRAS more 

efficiently 

--- 

pyrazolopyrimidine-

based inhibitor 

Advanced Solid 

Tumours with 

KRAS G12 D 

Mutation 

43.80 Preclinical 

Phase 

Had a remarkable anti-

proliferation effect on human 

pancreatic cancer cells and 

significantly inhibited tumor 

growth in tumor bearing KRAS 

G12D mutation 

--- 

 

TH-Z801 

Advanced Solid 

Tumors with 

KRAS G12 D 

Mutation 

115 Μm Preclinical 

Phase 

This Inhibitors bind to both 

GDP-bound and GTP-bound 

KRAS G12D, efficiently disrupt 

KRAS–CRAF interaction. 

---- 

 

TH-Z816 

Advanced Solid 

Tumors with 

KRAS G12 D 

Mutation 

14 μM Preclinical 

Phase 

This Inhibitors bind to both 

GDP-bound and GTP-bound 

KRAS G12D, efficiently disrupt 

KRAS–CRAF interaction. 

---- 
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mutations in the KRAS binding site, reactivation of multiple upstream and downstream effectors, cell-cycle dysregulation, and 

immune deficiency. Importantly, this mechanism of drug resistance appears to be tissue specific. 

It was thought that KRAS protein plays an on/off role in the GDP/GTP cycle. However, this concept oversimplifies the complex 

interactions between the states of individual molecules and the resulting dynamic protein conformations, which is unique to each 

KRAS mutant determines the active state of entire KRAS protein, in the cells. Our current understanding of the impact of different 

mutations on the biochemical activity of KRAS proteins is based on the results of extensive structure- function studies conducted over 

the past 40 years, while biological validation of functional differences has only begun in recent years. 

We have mentioned various KRAS G12D inhibitors in this review.  Kessler et al., reported BI-2852 but due to less cellular activity it 

is in preclinical trial; Vasta et al. reported MRTX-EX185 which is potent KRAS G12D inhibitor with low affinity and then Welsch et 

al. and khan Khan et al. reported compound 3144 but due to its low solubility it made some difficulties to use: Mao et al. reported TH-

Z835 which had an off-target effect on KRAS mutation. One of the inhibitors MRTX-1133 for KRAS G12 D showed activity in 

preclinical trial and currently it is in under phase 1/2 of clinical trial phase. MRTX-1133 binds to the switch 2 pocket and inhibits the 

protein-protein interactions necessary for the activation of the downstream pathway of KRAS. This inhibitor is studied under Mirati 

therapeutics co. ltd. Recently clinical studies of various inhibitors such as HRS-4642, BI-1701963, BI-1823911, KPT-8602 is under 

process of activity are still remaining in preclinical trials. It is believed that in near future KRAS G12D inhibitors will provide a new 

prospective on curing cancers. 
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