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Abstract. PI3K signaling pathway is one of the most important signaling pathways in tumorigenesis. 
Dysfunction of PI3K signalling pathway has been widely found in lymphatic hematologic tumors and 
solid tumors. Different PI3K inhibitors have shown anti-tumor activity against a variety of tumors. 
Furthermore, the FDA has approved various PI3K inhibitors for marketing or clinical studies, and 
have achieved considerable efficacy, especially in lymphoma and breast cancer. However, drug 
resistance and treatment-related adverse reactions remain unsolved. The PI3K signaling pathway 
also involves several other physiological functions related signaling pathway networks, and the 
combination therapy of selective inhibition of these signaling pathways needs to be further explored. 
New strategies include the combination of allosteric inhibitors and orthosteric inhibitors of PI3Kα and 
the development of inhibitors of salvage mutation sites. This review summarizes the clinical research 
progress and common drug resistance mechanisms of various common malignancies involved in 
PI3K inhibitors. In addition to targeting cancer cells, PI3K inhibitors also have great potential in 
cancer immunotherapy in the future. 

Keywords: Enter key words or phrases in alphabetical order, separated by commas. 

1. INTRODUCTION 

Phosphatidylinositol-3-kinase (PI3K) was firstly discovered in 1985 in a study of Polyoma middle-

T antigen [1]. There are three classes in PI3K family: class1, class2 and class3. Class1 PI3Ks are able 

to phosphorylate Phosphatidylinositol-4,5-P2 and produce PI-3,4,5-P3, an essential second messenger 

in cell signalling transmitting. PI-3,4,5-P3 can bind SH2 domain to recruit downstream proteins, 

through which PI3Ks regulate cell growth, cell cycle and cell survival [2]. Since its function is 

overactive in various cancer, small molecule inhibitors of PI3Ks have been a hotspot in anti-cancer 

drug development, especially in leukaemia [3]. Several PI3K inhibitors have been approved in clinical 

treatment, for example, Duvelisib [4]. However, adverse side effects remain a problem, which may 

be caused by essential roles of PI3Ks in normal cell activities. Yet PI3Ks inhibitors still have 

promising potential in cancer treatment and requires more attention. In this review, how PI3Ks work 

and what drug development has been carried out on this target is to be discussed. 

2. structure and function of PI3Ks 

2.1. Structure of PI3Ks 

Among multiple kinds of phospholipid which forms basic skeleton of cell membrane, 

Phosphatidylinositol (PI) (PubChem CID 53480050) counts for the least part, but has an 

indispensable job in cell signalling [5]. There are five free hydroxyls on PI that can be phosphorylated, 

and phosphorylated derivates of PI such as PI-3-P, PI-4-P, PI-5-P (PubChem CID:53480192), PI-4,5-

P2 (PubChem CID:53480224) and PI-3,4,5-P3 (PubChem CID:53480339), have been identified as 

important second messengers in numerous cell signalling (Figure 1). 
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Figure 1. Phosphatidylinositol (PI) and Phosphorylated Derivates of PI. 

PI3Ks are phosphorylases that could phosphorylate PI, PI-4-P, PI-4,5-P2. PI-4,5-P2 is its major 

substrate and PI-3,4,5-P3 is the most important product. There are three classifications of PI3K: Class 

1, Class 2 and Class 3 [6]. Since it is the most thoroughly studied classification and its product has 

been attached to great importance, Class 1 PI3Ks will be mainly discussed in the following parts. 

2.1.1. Class 1 PI3Ks 

Class 1 PI3Ks are heterodimeric proteins consisting of two subunits: p85, a regulatory subunit, as 

well as p110, a catalytic subunit, which are named by their molecular weight [7]. Class 1 PI3K have 

two subgroups: Class 1A and Class 1B. Among Class 1A PI3Ks, p110 has three isoforms: p110α, 

p110β and p110δ. In Class 1B PI3Ks, p110 has only one isoform: p110γ. 

p85 protein has two isoforms which are p85α and p85β [8]. Both of them have domains 

homologous to other signalling proteins, which contain N-terminal src-homology3 (SH3) domain, 

src-homology 2 (SH2) domains, etc. Various homologous domains equip p85 with the ability to 

conjugate with other signalling protein, leading to the recruiting of PI3Ks. Between the two SH2 

domains is the region where it interacts with p110 [8]. p85 can also remove the trans-inhibition of 

p110 to promote the following kinase activity. 

p110 has three main domains: a N-terminal domain interacting with p85, a domain can conjugate 

with small G protein Ras which allows Ras directly activate the catalytic subunit, a kinase domain 

homologous to other PI kinase [9]. It is noted that p110γ lack the N-terminal domain,  which means 

it not able to bind p85 subunit. It is also demonstrated that PI3K has serine/threonine kinases activities, 

Which are mainly occurred on the serine residues of regulatory subunit or catalytic subunit [7], 

suggesting PI3K may have a self-regulation function. 
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2.1.2. Class 2 and Class3 PI3Ks 

Class 2 PI3Ks are 170-210kd monomeric proteins, containing a PIK domain and a domain 

homologous to C2 domain in C-terminal. It has demonstrated that Class 2 PI3Ks can catalyze 

phosphorylation of PI and PI-4-P. However, the substrates and functions of class 2 PI3Ks remain 

unclear. Class 3 PI3Ks have been confirmed only being able to phosphorylate PI and are responsible 

for increasement of PI-3-P, which is related to vesicle trafficking [10].  

2.2. PI3K in cell signalling  

2.2.1. PI3K-AKT pathway 

Thus, various homologous domains contained in p85 make it possible to interact with other protein 

and transmit the signal. For instance, tyrosine phosphorylation is very common in activation of 

numerous cell signalling. Phosphorylated tyrosine can be specifically bind by SH2 domains on the 

p85 in a certain sequence, such as pTyr-Met-X-Met (pYMXM) [10]. Since a protein conjugate with 

certain domain on p85, PI3Ks will be recruited to cell membrane and kinase activities will be 

conducted by p110 catalytic subunit. Additionally, small G protein Ras can directly bind to p110 and 

activate p110 [6]. 

With the catalytic subunit of PI3Ks phosphorylating PI-3,4,5-P3, PI-3,4,5-P3 is produced and 

recruits downstream proteins by binding to pleckstrin homology (PH) domain [5]. AKT is a 

serine/threonine kinase which can phosphorylate numerous downstream targets and activate several 

pathways. Interaction between PI-3,4,5-P3 and PH domain on AKT lead to its recruitment to cell 

membrane and conformational change, which allows the phosphorylation of AKT (Figure 2). Only 

one phosphorylation on threonine 308 in AKT is not able to completely activate AKT unless there is 

also phosphorylation on serine 473. 

 

Figure 2. PI3K-AKT pathway and function of PTEN 

2.2.2. AKT downstream targets 

Once activated, AKT regulate downstream pathways in a phosphorylation-dependent manner. The 

most discussed is mTOR, a protein kinase regulating variety of cell activities. Since AKT can 

upregulate mTOR by activate various transcriptional factors, activated mTOR is capable of 

hyperactivate AKT by phosphorylation of Ser473 [11]. It has been reported that AKT can 

phosphorylate FKHRL1, a transcriptional factor, to prevent cell death [12]. Apart from FKHRL1, 

many other transcriptional factors can also be phosphorylated by AKT. IKK can be activated to 

phosphorylate IκB by AKT, leading to NF-κB pathway activation [13], which is also a transcriptional 

factor that promote transcription of multiple oncogenes. Mammalian forkhead members of the class 

O (FOXO) transcription factors takes an important role in cell cycle regulatory, acting as a tumour 

suppresser. While activated AKT has negative regulatory on FOXO families by phosphorylation [14]. 

Glycogen synthase kinase-3(GSK-3) is a kinase participate in cell cycle and cell proliferation. GSK-

3 regulate cell growth by phosphorylate various factors, like c-Myc and cyclin D1. AKT can 

phosphorylate GSK-3 to inhibit its regulatory and promote cell growth [15]. In conclusion, PI3K/PI-

3,4,5-P3/AKT pathway occupy an indispensable place in cell cycle, cell growth and cell survival. 
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2.2.3. Negative regulators of PI3K-AKT pathway 

PI3K-AKT pathway plays an important role in cell activities and is under strict regulation. At rest 

state, concentration of PI-3,4,5-P3 is too low to be detectable. However, once activated, PI3Ks can 

elevate the concentration more than 500 folds. To make it under control, PTEN plays an essential role 

in downregulating the concentration of PI-3,4,5-P3 [16]. PTEN is a phosphatase which can remove 

the phosphorylation of PI-3,4,5-P3, like an eraser. (Figure 2) The balance between PTEN and PI3K 

make sure cell signalling transmitted precisely. As a negative regulator of PI3Ks, mutation of PTEN 

gene and inhibited function of PTEN were observed in many cancer to promote overactivation of 

PI3Ks and accelerate tumorigenesis [17]. PHLPP is a phosphatase that can dephosphorylate the 

phosphorylation on Ser473 of AKT and AKT phosphorylation is elevated by inhibited PHLPP in 

cancer cells [18].  

3. Targeting the PI3K/AKT/mTOR Pathway via gastrointestinal stomal tumor 

Therapeutics (isoform-specific drugs) 

3.1. Pure PI3K Inhibitors 

In phase I clinical trials of Imatinib and sunitinib refractory Gastrointestinal Stromal Tumor (GIST) 

patients were to be employed; and they would be tested with KM120 (NCT01468688) and BYL719 

(NCT01735968) in combination with imatinib treatment. These research is aimed to find out the 

highest dose of BKM120 or BYL719 which in the combination with imatinib to treat patients with 

refractory GIST [19]. 

3.2. AKT Inhibitors 

In a Phase I or II study, a combination of peri-lobe glycoside and imatinib is used to treat patients 

with imatinib-resistant metastatic GIST, most of whom experienced a variety of adverse effects, 

typically ophthalmic toxicity and ulcerative keratitis [20].  

3.3. mTOR Inhibitors 

In following clinical studies, there were a Phase I and a Phase II study about the efficacy and safety 

of the combination of RAD001 and imatinib for Imatinib-resistant patients with GIST and all patients 

had tolerance of this treatment [21]. In the Phase I study, the combination of the ideal dose of imatinib 

(600 / 800 mg / day) with 20 mg per week or 2.5 / 5.0 mg per day of RAD001 was most suitable for 

Imatinib-resistant PATIENTS WITH GIST. In another phase II trial, patients with advanced imatinib-

resistant GIST are treated most effectively with imatinib 600 mg per day combined with RAD001 2.5 

mg per day. Therefore, the combined use of rapamycin analogues with imatinib for imatinib-resistant 

GIST deserves further study [19]. 

3.4. Dual PI3K/mTOR Inhibitors 

 In a Phase I study with approximately 40 experimenters with B-cell malignancies and developed 

solid tumors, one patient with GIST who had resistance to tisirololimus and had disease for more than 

a year received SF1126 and had improved disease for more than one year, which may suggest that 

SF1126 was effective against mTORC1 [22]. In other Phase I study, three patients who have similar 

conditions treated with GDC-980 with GIST reduced FDG intake by more than 25 percent. One of 

the patients had a decrease in FDG intake, suggesting that GDC-980 had antitumor activity [23]. 

3.5. Clinical trials in PI3K Inhibitor-Based Therapies 

Some current and finished clinical trials of PI3K for Pan-PI3K inhibitors contain Buparlisib/ 

NVPBKM120/ BKM120, Pilaralisib/XL147/SAR245408, Copanlisib, TG-100-115. Their aims and 

progress are collected in Table 1, as well as the adverse events that investigated in clinical trials. 
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Table 1. Clinical trials of PI3K inhibitor-based therapies [24] 

Treatment Phase and NCT Outcome and aims 

Bupalixib in combination with 

tyrosine kinase inhibitors, imatinib. 

NCT01468688 This combination fails to provide 

additional benefit (n = 60) compared to 

therapies currently available for these 

patients.  

Buparlisib/NVP-BKM120/BKM120  To determine the maximum tolerated 

dose and dose limit toxicity of this drug 

combination. 

Pilaralisib/XL147/SAR245408 Phase I To study the effectiveness of the 

combination of MTD and RP2D. 

Pilaralisib and MSC1936369B Phase I  

dose-escalation 

trial 

To study Polaralisib as a monotherapy. 

Copanlisib (Cop) in developed solid 

tumors 

NCT00962611 There is a positive correlation between 

transient hyperglycemia after infusion. 

The side effects include CR, PR, 

endometrial carcinoma, mutations of 

PIK3CA and PTEN. 

TG-100-115 Phase I and 

Phase II 

TG 100-115 was proved to be an 

effective TRPM7 kinase inhibitor. 

 

CR = Canrenone, PR = partially response, PI3KCA = phosphatidylinositol 3-kinase, PTEN = 

phosphatase and tension homolog 

4. PI3K inhibitor resistance 

4.1. The effects of PTEN Activity 

PTEN is dephosphorized by dephosphorization of inositol-3,4,5-triphosphate (PIP3). A rise in PI3K 

presenting and tumorigenesis was observed in mice with the PTEN mutation gene, so the absence of 

PTEN lipid phosphatase activity trigger to activate AKT in PTEN-null cancers [25]. Another research 

suggested that the absence of PTEN causes resistance to the PI3K inhibitor Allpelisib in tumors of 

breast cancer [26]. 

4.2. Mutations of PI3K 

Some patients with PI3K mutation exhibited PI3K inhibitor resistance, such as the PIK3CAE545K 

helix PI3K homologous domain in exon 9, which inhibits the inhibition of p85 regulatory subunits on 

p110α. Another type of mutation is PIK3CAH1047, which appears in the exon 20, that exaggerates 

the mutual effects between the lipid membrane and p110α [27]. 

4.3. Toxic effects produced by the drug are continuously inhibited by the target. 

Pan-PI3K inhibitors have common dose-related toxicity, including diarrhea, fatigue, hyperglycemia 

and rash. Normally dual PI3K inhibitors have higher susceptibility to toxicity than pan-PI3K or 

isoform inhibitors. However, isoform-specific PI3Kδ inhibitors are more effective in B-cell 

malignancies than pan- or bi-PI3K inhibitors because they are less susceptible to toxicity [28]. 

4.4. Selection of the patient population 

Selecting an appropriate patient population with an active PIK3CA mutation is of great help to test 

whether PI3K inhibitors are effective. For instance, in one Phase I research, the clinical benefit rate 
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of PI3K inhibitor Allelisib in PIK3CA hotspot mutant tumors was 44%, but it was a fifth of patients 

with WT PIK3CA [29]. 

4.5. Miscellaneous Resistance Mechanisms 

KRAS and HRAS mutations make PI3K inhibitors less sensitive. The sensitivity of PI3K inhibitors 

increases when these mutations are reduced [30, 31]. Additionally, there are other factors that lead to 

the resistance of PI3K inhibitor mechanisms. First, factors including a large number of purine-related 

metabolites, mitochondrial signaling imbalances, and elevated glycolysis caused the expression of 

PPP2R2B and PTEN to respond to dual PI3K/mTOR inhibitors [32]. Second, macrophages which 

are in the tumor conditions may cause the resistance of PI3K inhibitors through the NFkB pathway. 

Moreover, there is currently a lack of PI3K mutation-specific inhibitors [33]. 

5. Application of PI3K inhibitors  

The PI3K signaling pathway is known to activate human cancers, and almost mediates the 

occurrence of 50% of malignant tumors. Currently, Many PI3K inhibitors have entered clinical 

studies or have been approved for marketing (Table 2). Pan-pi3k inhibitors, such as Buparlisib, 

Pictilisb (GDC-0941), Copanlisib, etc. Pan-pi3k inhibitors can act on all type I PI3K subtypes, so the 

side effects and toxicity are large, making their clinical progress slow. Inhibitors that selectively act 

on a subtype of PI3K have less toxic side effects, and some selective PI3K inhibitors have been 

approved for marketing.  

5.1. PI3K signaling pathway in solid tumor 

PI3K inhibitors can be used to treat solid tumors, such as liver, breast, prostate, and colon. PI3K 

regulates the growth, metabolism, differentiation and proliferation of normal tissues and organs. 

Studies have shown that the PI3K signaling pathway is also activated in most ovarian cancers [34]. 

This signaling pathway can also be activated in patients with advanced gastric cancer [35]. 

PI3K was over-expressed in ovary and cervical cancer, and mutations were observed in breast cancer. 

Moreover, the PTEN/PI3K/Akt pathway plays an important role in maintaining the original cells of 

prostate cancer stem cells, and the targeted PI3K signal can complete the clearance of prostate cancer 

stem cell-like cells, which has important implications for the therapy of prostate cancer [34]. 

5.1.1. PI3K inhibitors and breast cancer 

Alpelisib is the first developed oral PI3K inhibitor that inhibits the P110α subunit of HER-2 

negative breast cancer. It was shown tolerable toxicity and good efficacy both in preclinical and phase 

I clinical studies [36]. As an important part of a Phase III clinical research of post-menopausal 

HR/HER2, patients with advanced breast cancer with PI3K mutations, Alpelisib versus placebo 

combined with flurvestrant showed predictive value for Alpelisib in both tissue and circulating tumor 

DNA PI3K mutations. In PI3K mutated patients, Alpelisib in combination with flulvesant 

significantly prolonged PFS. However, treatment-related adverse events (hyperglycemia and rash) 

led to a slightly higher discontinuation rate of about 25% [35]. In May 2019, the Alpelisib in 

conjunction with flurvistrine to treat advanced breast cancer in post-menopausal men and women 

with HR+/HER2- and PI3K mutations was approved by the FDA. A similar study comparing the 

Alpelisib or Buparlisib phase III clinical trial or placebo combined with Letrozole recruited post-

menopause patients with HR+/HER2- with stage T1-T3C operable breast cancer. There was no 

statistical difference in ORR and pathological CR between Alpelisib group and placebo combined 

with Letrozole group. The Buparlisib combined with letrozole regimen was shut down due to an 

unacceptable adverse reaction in the patient [37]. 

In addition, other PI3K inhibitors, whether pan-PI3K inhibitors or selective PI3K subunit 

inhibitors, including Buparlis-Ib, Pictilisib and Taselisib, although they have shown good anti-tumor 

effects in basic and pre-clinical studies of breast cancer, they cannot bring significant clinical benefits 

to breast cancer patients in clinical studies. Clinical phase studies of Pictilisib associated with 
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chemotherapy. (paclitaxel in conjunction with Pictilisib and placebo) or endocrine therapy (flulvesant 

combined with Pictilisib or placebo) failed to bring clinical benefit to breast cancer patients, so 

subsequent clinical studies of Pictilisib were stopped [38]. 

In breast cancer with positive HER-2, HER-2 signaling almost entirely passes through the P110α 

subkeynote of PI3K. PI3K signaling pathway may have a synergistic effect with HER-2 inhibitors to 

some extent. Unfortunately, relevant clinical studies have shown that it fails to bring benefits patients 

[39]. 

PI3K inhibitors continue to be in the early stages of developing triple negative breast cancer. 

Researchers used paclitaxel in combination with an AKT inhibitor to treat metastatic triple-negative 

breast cancer, PTEN gene deletion and INPP4B phosphorylation are closely related to AKT 

phosphorylation. These early clinical trial results are encouraging [40]. 

5.1.2. PI3K inhibitors and other solid tumors 

In preclinical studies of ovarian cancer, PI3K inhibitors can significantly kill ovarian cancer cells, 

especially in the presence of PI3K mutation or PTEN deletion. Preclinical studies suggested that 

PARP inhibitors combined with PI3K inhibitors showed stronger antitumor effect in ovarian cancer 

cells. However, The effectiveness of the combined PARP inhibitors was not predicted by the PI3K 

mutations, and the results of early clinical trials have been unsatisfactory [39]. 

The phenomenon of high frequency mutations in genes or loci related to the PI3K signaling 

pathway in patients with head and neck cancer has been reported by many studies. The PI3K inhibitor 

Alpelisib has shown good anti-tumor properties in basic studies and has been well tolerated with 

small treatment-related adverse reactions in clinical phase Ⅰ/Ⅱ trials [41]. Buparlisib has been shown 

different anti-tumor effects in several tumor species in basic studies. Buparlisib combined with 

AZD1775, a cell cycle inhibitor, also significantly enhanced the cytotoxic antitumor effect. Other 

PI3K inhibitors, including dual-targeted inhibitors such as Dactolisib and Gedatolisib in combination 

with mTOR, have shown modest efficacy in clinical trials involving head and neck tumours [42].  

5.2. Application of PI3K inhibitors to lymphatic hematological system tumors 

5.2.1. Application to chronic lymphocytic leukemia 

PI3Kγ can be expressed directly in CLL cells and play a nonredundant role in cell migration and 

adherence. Therefore, inhibition of PI3Kγ may play an antitumor role by disrupting the pro-survival 

signals of T cells in the CLL microenvironment [43]. 

Idelalisib is a PI3K inhibitor that can be used to treat CLL. A Phase III randomized controlled trial 

116 compared idelalisib rituximab with placebo-rituximab in patients with R/R type CLL ineligible 

for cytotoxic chemotherapy. Idelalisib-rituximab may confer superior ORR and median progression-

free survival in patients with CLL. [44]. 

Duvelisib is also an oral inhibitor, studies have shown that PI3K inhibitors can reduce immune 

escape of bone marrow cells associated with tumor microenvironment and slow tumor cell 

proliferation [45]. The FDA approved Duvelisib in September 2018, it is mainly used to treat patients 

with second-line or higher relapsed/refractory CLL/ small lymphocytic lymphoma (SLL), it has been 

determined to be effective in about 35% of patients who have discontinuation due to adverse reactions 

[46]. 

5.2.2. Application to non- Hodgkin's lymphoma 

The objective response rate for idelalisib in the Non-Hodgkin's lymphoma phase I clinical trials 

was about 47%. In the phase II single-arm clinical study, which was the same as the subtype of 

lymphoma enrolled in Phase I (mainly follicular lymphoma and SLL), the study found that the drug 

was safe and treatment-related adverse reactions could be tolerated [47]. 

The clinical research of Copanlisb in relapsed follicular lymphoma showed not only tolerable 

treaty-related adverse reactions, but also considerable objective response rate through an improved 

Copanlisib administration regimen. In a later Phase II clinical investigation, relapsed/refractory 

inactivated non-Hodgkin lymphoma (mainly relapsed/refractory follicular lymphoma) was enrolled, 
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and the objective response rate was like that of Idelalisib (ORR about 59%, PFS about 11 months), 

with a higher CR rate in patients with relapsed/refractory follicular lymphoma [48]. In addition, in 

non-Hodgkin's lymphoma, Copanlisib has shown promising efficacy in patients with relapsed clost-

cell lymphoma, the clinical trials were being conducted to combine Copanlisib and Ibrutinib to treat 

diseases of are ongoing. PI3K inhibitors are relatively poorly studied in non-Hodgkin's lymphoma 

(NHL),  and included in a clinical trial of relapsed/refractory indolent T-cell NHL (primarily 

peripheral and cutaneous T-cell lymphatic), adverse events were well tolerated by patients [34]. 

Table 2. Clinical application of PI3K inhibitors 

Drug PI3K 

inhibitor 

class 

Disease indication Monotherapy  

or combination 

References 

Alpelisib PI3Kα 

inhibitor 

PIK 3CA-mutated, 

hormone receptor-

positive, human 

EGFR2-negative 

ABC 

Combination  

with Fluvestrant  

(ER inhibitor) 

 

[49] 

Idelalisib PI3Kδ 

inhibitor 

Two prior systemic 

treatments for FL; 

two prior systemic 

treatments for SLL 

Rituximab therapy alone 

is considered the most 

effective treatment in 

patients with other 

comorbidities 

[50] 

Umbralisib PI3Kδ 

inhibitor 

FL, CLL, MZ 

lymphoma 

Combination of anti-

CD20 antibody and 

ublituximab for CLL, FL, 

MZ lymphoma 

[9] 

Duvelisib PI3Kδ or 

PI3Kγ 

inhibitor 

Two piror systemic 

treatments for CLL; 

two prior systemic 

treatments for SLL 

and FL 

Monotherapy [51] 

Copanlisib Pan-PI3K 

inhibitor 

Two systemic 

treatments for FL 

Monotherapy [52] 

PI3K = Phosphatidylinositol-3-kinase; ER = Estrogen Receptor; EGFR = 

Epidermal Growth Factor Receptor; FL = Follicular Lymphoma; CLL = Chronic Lymphocytic 

Leukemia; SLL = Small Lymphocytic Lymphoma; MZL = Marginal Zone Lymphoma; ABC = 

Advanced Breast Cancer. 

6. CONCLUSION 

The mechanism of PI3K inhibitor includes its function in the phosphatidylinositol-3-kinase (PI3K), 

PI3K downstream and PI3K-AKT’s role in tumorigenesis. Besides, advances and difficulties of PI3K 

drugs applied in clinical trials are listed. In addition, PI3K inhibitors are widely used in treatments of 

hematologic malignancies, squamous cell lung carcinoma, fibroblast-like synoviocytes in 

osteoarthritis, leukemia and breast cancer. Moreover, some new drugs such as TG-100-115 and 

RIDR-PI-103 still require more clinical trials. Furthermore, some new P13K inhibitors, like TG-100-

115, B591 and RIDR-PI-103 have deficiency in vivo and in vitro research and require further 

exploration using PK and PD models for clinical application. 
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