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Abstract: Acute myeloid leukemia (AML) is a malignant blood disorder and the cure rate has been remarkably 
improved over the past decade. However, recurrent or refractory leukemia remains the major problem of the 
AML and no clearly effective therapy has been established so far. Traditional treatments such as chemotherapy 
and hematopoietic stem cell transplantation are both far dissatisfying the patients partly for their individual vari-
ety. Besides, conventional treatments usually have many side effects to result in poor prognosis. Therefore, an 
urgent need is necessary to update therapies of AML. To date, protein kinase inhibitors as new drugs offer hope 
for AML treatment and many of them are on clinical trials. Here, this review will provide a brief summary of 
protein kinase inhibitors investigated in AML thus far, mainly including tyrosine protein kinase inhibitors and 
serine/threonine kinase inhibitors. We also presented the sketch of signal pathways involving protein kinase in-
hibitors, as well as discussed the clinical applications and the challenges of inhibitors in AML treatment. 
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1. INTRODUCTION 
 Acute myeloid leukemia (AML) is a kind of clonal disorders of 
malignant hematopoietic stem cells, remarkably characterized by 
the accumulation of primitive or immature leukemia cells in bone 
marrow and peripheral blood, resulting in inducing the disease and 
hampering the clinical treatment [1, 2]. When AML happened, the 
red blood cells, platelets and normal white blood cells became less, 
while the immature cells multiply accumulated, which further inter-
fered with the normal bone marrow hematopoietic function. Based 
on clinical observation and related trials [3], it is commonly ac-
cepted that AML is a kind of refractory type of bone marrow cancer 
with poor prognosis and more commonly affects the elderly patients 
over 60 [4].  
 Although the recent advancement in understanding the  treat-
ment of AML has remarkably improved the cure rate over the past 
decade [5]; however, the 5-year survival rates of patients are only 
about 40% for young/middle-aged patients and less than 10% for 
elderly patients [6, 7]. The big difference between them might be 
caused by the inherently poor physical condition and more resistant 
leukemia cells for elderly patients, which lead to worse prognosis 
[2, 4, 8, 9]. In recent years, due to an aging population, the inci-
dence of AML appears to be rising [4]. Encouragingly, the devel-
opment of genomics and sequencing technology makes us have a 
better understanding of molecular genetic mutation and the patho-
genesis of AML [10]. Furthermore, the targeted therapy has been 
becoming the most promising therapeutic approache [11, 12]. Espe-
cially, the key protein kinases as drug screening targets have shown 
effectives and become a focus [13]. Among the current clinical 
application of pharmacological targets in AML, kinase inhibitors 
account for the most, particularly tyrosine kinase inhibitors.  
 Developing new targeted drugs with high efficiency, low toxic-
ity, strong specificity has become an attractive area of antitumor 
research. In spite of the mutation of the protein kinase and the drug  
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resistant of the first generation of inhibitors, emerging effective 
therapies with recently designed compounds appear promising. In 
this review, we will provide a comprehensive overview of AML, 
kinase and kinase inhibitors, especially summarize the protein 
kinase inhibitors currently studied and developed in AML including 
tyrosine protein kinase inhibitors and serine/threonine kinase inhibi-
tors.  

2. THE DEVELOPMENT AND THERAPY OF AML 
 In 1900, leukemia has been divided into myeloid or lympho-
cytic leukemia according to the origin of the diseased red cells and 
non-lymphoid white blood cells (called the myeloid pathway) or a 
precursor of T and B cells (called the lymphoid pathway) [14]. 
Seventy-six years later, the French-American-British (FAB) classi-
fication system classified AML into eight subtypes, M0 to M7 [15]. 
The World Health Organization (WHO) classification of tumors of 
hematopoietic and lymphoid tissues, determining the types of AML 
based on the morphology and prognosis, was updated in 2008 and 
put up with the relative targeted therapy [16]. Clinically, doctors 
often adopt applicable treatment on the basis of the classification 
and patient’s own physical condition. According to the National 
Comprehensive Cancer Network (NCCN) Guidelines Version 
1.2016 (Table 1) [17], the mutation of Fms-like tyrosine kinase3-
intenal tandem duplication (FLT3-ITD), tumor protein 53 (TP53), 
c-KIT, NPM1 and CCAAT/enhancer-binding protein alpha 
(CEBPA) are all likely to add risk to AML, which may contribute 
to AML recurrence. 
 The conventional method in the treatment of AML aims to take 
advantage of the toxic compounds, namely chemotherapy drugs, to 
kill leukemia cells. However, the chemotherapy drugs surely ulti-
mately attack the human’s normal immune cells, thus, it is hard to 
achieve the aim of complete remission (CR), which means no sign 
of poor symptom in patients and their returning to good health. 
During the formal therapy, it is expected to reduce more leukemia 
cells to an undetectable level to achieve a complete remission and 
the goal of consolidation therapy is to eliminate any residual unde-
tectable disease and achieve a cure [18]. Young patients often can 
tolerate this kind of chemotherapy, but the tolerance to intensive 
chemotherapy will decrease with age. Adverse reaction to treat-
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ment, low induced relieving rate, high recurrence rate, and short 
survival period are tough problems that need to be solved in the 
treatment of AML. 
 Although chemotherapy will help to reduce tumor size, pro-
longing the use of chemotherapy would not result in more cancer 
destruction. In addition, it is hard to identify the diagnosis, stage 
and evaluate the treatment effect in AML. Thus, unnecessary che-
motherapy, usually with high costs as well as side effects, makes it 
fail to cure AML. Moreover, the cancer cells may eventually de-
velop resistance to multiple chemotherapeutics. For patients who 
are intolerant to standard chemotherapy, reducing the dose of in-
duction chemotherapy regimens would greatly decrease the com-
plete remission rate, specially for the recurrent AML. Despite a 
variety of clinical trials of new drugs, there is no breakthrough in 
classic “3 + 7” scheme of anthracycline-based drugs combined with 
cytarabine. Hematopoietic stem cell transplantation (HSCT) is usu-
ally considered if induction chemotherapy fails or AML relapses, 
however, the seriously scarce ligand resources and unaffordable 
treatment costs restrict the use.  
 Now inhibitors are widely used in drug target therapy and can 
increase the effectiveness of the treatment, which has introduced  a 
new era of tumor targeting therapy [19, 20]. Inhibitors generally 
attack specific sites and lessen the dependence on tissue-destroying 
chemotherapy. Targeted inhibitors have been developed as adjuncts 
or replacements for conventional chemotherapy for AML patients; 
however, the cure rate depends on a number of prognostic factors 
[21]. Recently, with the wide application of drugs, it has been found 
that the tumor has evolved the immune escape. The general treat-
ment strategies for AML are summarized in Fig. (1a, b), mainly 
consisting of the traditional treatments of chemotherapy, HSCT and 
the novel treatments of molecular target, immunotherapy and epi-
genetic therapy. For molecular targeted therapy, the genetical het-
erogeneity, mutant targets and immune escape are the major chal-
lenges (Fig. 1c). The appearance of targeted therapy provides a 
more feasible and effective way for chemotherapy and promotes the 
emergence and development of new dosage forms [22]. Although 
the classic targeted inhibitors have had amazing effect on the spe-
cific targets like FLT3 and mTOR, new inhibitors specific to novel 
targets like IDH1/2, PP2A, DOCK2, PAK1 have been developed 

due to the emergence of many new mutation sites of new targets 
(Fig. 2). Besides the efforts to screen more related key enzyme 
targets, developing more stable and specific inhibitors is also ur-
gently needed.  

3. PROTEIN KINASE INHIBITORS 
 Protein kinase is a kind of protein phosphotransferase bringing 
the phosphate of ATP to the specific amino acid residue. It may 
conventionally be divided into five classes: tyrosine protein kinase, 
serine/threonine protein kinase, histidine protein kinase, tryptophan 
protein kinase and aspartyl/glutamoyl protein kinase. Protein 
kinases are associated with constitutive activation of many down-
stream pathways, such as phosphatidyl-inositol 3-kinase/v-akt mur-
ine thymoma viral oncogene homolog 1 (PIK3/AKT), mitogen-
activated protein kinase/extracellular signal regulated kinase 
(MAPK/ERK) and signal transducer and activator of transcription 5 
(STAT5) [23-25]. Protein kinases can regulate many kinds of signal 
transduction processes through phosphorylating the serine sites, 
threonine sites or tyrosine residues of substrate protein. It has been 
proved that abnormal activity of protein kinases is related to many 
diseases like cancer, immune system disease and inflammation. 
Thus, targeted protein kinase inhibitors have the potential to be new 
drugs, and more and more researchers are paying attention to de-
velop new anti-tumor drugs from abnormal signal transduction [26]. 
Here, we discuss and summarize the main protein kinases involved 
in signal pathway in AML, including PIK3/AKT, MAPK/ERK, 
STAT5, autophagy (Fig. 3), and the protein kinase inhibitors (PKI) 
in AML (Table 2). 
 FLT3 (Fms-like tyrosine kinase 3) is one of the class III family 
of receptor tyrosine kinases (RTKs), also called as fetal liver 
kinase-2. FLT3 comprises with the two most common types: one is 
internal tandem duplication (ITD) which is always associated with 
poor prognosis, and the other is a kind of point mutation called 
FLT3/tyrosine kinase domain (TKD) [27, 28]. FLT3-ITD approxi-
mately accounts for 30% of AML and indicates poorer prognosis 
[29]. Besides, accumulating evidences implicate that FLT3 is ex-
pected to be a promising therapeutic marker despite the historically 
poor prognosis of patients with AML. Now, most inhibitors are 
under clinical evaluation at phase I, II and III clinical trials

Table 1. Risk status based on validated cytogenetics and molecular abnormalities. 

Risk status  Cytogenetics Molecular Abnormalities 

 

Favorable-risk 

Core binding factor: inv(16) or t(16; 16) or t(8; 21) or t(15; 
17) 

Normal cytogenetics:  

NPM1 mutation in the absence of FLT3-ITD or isolated biallelic 
double CEBPA mutation 

Intermediate-risk Normal cytogenetics 

+8 alone 

t(9; 11) 

Other non-defined  

Complex (≥3 clonal chromosomal 

abnormalities) 

Core binding factor with KIT mutation 

 

 

 

Poor-risk 

Monosomal karyotype 

-5, 5q-, -7, 7q- 

11q23 - non t(9; 11) 

inv(3), t(3; 3) 

t(6; 9) 

t(9; 22) 

Normal cytogenetics:  

with FLT3-ITD mutation 

TP53 mutation 

(NCCN - Evidence-Based Cancer Guidelines, Oncology Drug Compendium, Oncology Continuing Medical Education https: //www.nccn.org//) 
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Fig. (1). a. Five ways of AML therapy. A indicates the most traditional way called as chemotherapy “7 + 3” defined as 7 days of continuous infusion cytarabine 
(100–200 mg/m2/day) and 3 days of an anthracycline (most typically daunorubicin 45–90 mg/m2/day or idarubicin 12 mg/m2/day). B indicates hematopoietic 
stem cell transplantation (HSCT). C indicates the molecular targeted therapy including protein kinase inhibitors of targets like FLT3 and mTOR. D indicates 
immunotherapy. E indicates epigenetic therapy. DNA transmethylase inhibitors like azacitidine and its deoxidization derivatives decitabine have 
been applied to clinical. b. Illustrating of a. c. The challenges of molecular targeted therapy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2). The mutation of the targets including classic FLT3, mTOR and new targets which are on trials like PP2A, PAK1, DOCK2, IDH1, IDH2.   
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Table 2. Protein kinase inhibitors in AML. 

Targets Inhibitors References 

FLT3 

 

mTOR 

 

 

PI3K 

PDK1 

AKT 

MEK 

Atg5/Atg12/Atg13 

KW-2449/Tandutinib/Sorafenib/Sunitinib/Middostaurin/Estaurtinib/Su5416/Quizartinib/ 

Crenolanib/PLX-3397/Gliterinib/JI6 

Rapamycin/CCI779/RAD001/AP23573/FAKBP12/OSI-027/PP242/AZD8055/Ciclopirox/ 

CCI779/Evorolimus/OSI-027/Torin1/ku-0063794/Way-600'/INK-128/MLN0128/ 

WYE687/NVPBGT226/NVP-BEZ235 

BKM-120/IPI145/BYL719/Wortmannin/LY294002/IC87114            

UCN01/L744832 

NVPBGT226/NVP-BEZ235/AZD-5363/MK-2206 

PD02325901/MEK162/Trametinib/E6201 

Brotezomib 

[27] 

 

[32, 33] 

 

 

[32]   

[59, 60] 

[33] 

[28] 

[36, 38] 

 

Table 3. Therapeutic inhibiors in AML. 

Inhibitors Comments Clinical Trials 

Sunitinib 

 

Sorafenib  

 

Midostaurin  

Lestaurtinib  

 

Tandutinib 

 

Quizartinib  

Crenolanib  

Bortezomib  

T315 

Hsp90   

 

Ibrutinib  

Alvocidib 

 

Volasertib 

 

Others 

It cooperates with cytarabine against AML cell lines with FL3-ITD, but not those with wild-type 

FLT3 

It belongs to multi-kinase inhibitors, however it is often difficult to control the doses to inhibit 

FLT3 in clinical. 

It is an oral multitargeted kinase inhibitor to inihibit leukemia cells 

It is quite nonselective like inhibiting other tyrosine kinases like Janus kinase 2 (JAK2), and 

tropomycin receptor kinase (TRK) 

It inhibits FLT3-ITD AML cell lines 

The second-generation FLT3 inhibitor which has good effect in the treatment of AML 

The second-generation proteasome inhibitor   

Crenolanib usually combines with reinduction chemotherapy regimens in clinical  

It is associated with apoptotic and autophagic cell death of AML  

A new type of protein kinase inhibitor with the most promising results 

JAK-STAT and PI3K-AKT signaling networks are maintained by Hsp90 which promotes 

Hsp90-directed therapy 

Ibrutinib selectively targets FLT3-ITD in mutant FLT3-positive   

Alvocidib (IV bolus) in combination with cytarabine and mitoxantrone improves the outcome of 

the “7 + 3” 

It has been regarded as a promising agent for this patient population with AML 

 

Ciclopirox/AZD8055/WYE687/AG1109/SU5416/SU6668/BAG956    

Phase III [82] 

 

Phase II-III [83] 

 

Phase III 

Phase I-II-III [84] 

 

Phase I 

 

Phase II [85] 

Earlier clinical trials 

Phase I-II [86] 

Earlier clinical trials [87]  

Phase I [88]  

 

Phase I-II-III  

Phase I-II [89] 

         

Phase III [90] 

 

Earlier clinical trials 

 
(Table 3), and a sustained effort has been taken to develop targeted 
inhibitors. The early first generation inhibitors of FLT3 principally 
comprise sunitinib (SU11248), midostaurin (PKC412), lestaurtinib 
(CEP-701) and tandutinib (MLN518) [30]. These inhibitors, rather 
than specifically target FLT3, are actually against a variety of other 
signal moleculars including c-KIT, VEGFR, PDGFRb and STAT5 
or others [31]. Akt, also known as protein kinase B (PKB) or Rac, 
is a serine/threonine-specific protein kinase that plays a key role in 
cell proliferation, apoptosis and transcription. Akt family members 
consist of Akt1, Akt2 and Akt3, which have different functional 
roles [32]. The PKB kinase PDK1 phosphorylates its activation 
loop on the site of Thr308 and the COOH-terminus is activated by 

mammalian Target of Rapamycin (mTOR) complex 2 on Ser473. 
Akt1, also called Akt, is able to activate PIK3/AKT pathways and is 
a key signaling protein in the cellular pathways in the AML. There-
fore, Akt1 is usually served as a target and there have been multiple 
inhibitors of Akt1 applied to the therapy of AML. Akt2 is an impor-
tant signaling molecule in the insulin signaling pathway. As for 
Akt3, its function and mechanism are not yet clear now. 
GSK690693 is a novel ATP-competitive Akt kinase inhibitor and 
selective for the Akt isoforms, while it does inhibit additional 
members of the AGC kinase family [32]. MK-2206, is another kind 
of oral inhibitor of Akt1-3 that promotes apoptosis and cell cycle 
arrest in the AML; however, a trial study reported that only nearly 
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5% got good response during phase I, demonstrating its limited 
efficacy [33]. mTOR pathway is commonly activated in AML and 
other cancers which has been regarded as a critical target for AML 
therapy like FLT3. WYE-687, an mTOR kinase inhibitor, is a po-
tential anti-acute myeloid leukemia agent. 

3.1. The First Generation Inhibitors  
3.1.1. Sunitinib    
 Sunitinib is the first FLT3 inhibitor studied in the clinic and has 
the most clinically relevant data to be proved as a nonselective 
kinase inhibitor targeting FLT3, VEGF receptor, and Kit receptor 
tyrosine kinases [34]. It has been used together with cytarabine 
against AML cell lines with FL3-ITD mutation, rather than with 
wild-type FLT3 and achieved a CR rate of 59% in a phase I/II trial.  
3.1.2. Midostaurin  
 Midostaurin can surpress a variety of kinases in many important 
cellular processes and interrupt leukemia cell growth and prolifera-
tion by inhibiting FTL3. In a phase III study, the addition of mi-
dostaurin to chemotherapy for AML patients had 23% improvement 
in overall survival (OS) and patients had significant prolongation in 
median survival [35].  
3.1.3. Lestaurtinib   
 Lestaurtinib has multi-targets and can inhibit other tyrosine 
kinases, such as Janus kinase 2 (JAK2) and tropomycin receptor 
kinase (TRK) [36]. Lestaurtinib can promote apoptosis in FLT3-
ITD leukemic blasts. In a phase II trial of oral lestaurtinib mono-
therapy, leukemia cells reduced at first place but not all the time, 
and now lestaurtinib has been combined with other drugs during the 
consolidation chemotherapy. 
3.1.4. Tandutinib (MLN518)  
 Tandutinib, an inhibitor of FLT3, PDGFRb, and Kit, exhibited 
limited activity in phase I and II clinical trials in patients with AML 
and myelodysplastic syndrome. However, when combined with 
cytarabine and daunorubicin, tandutinib displayed promising anti-

leukemic activity with 90% CR in a phase I/II trial in the newly 
diagnosed AML patients and inhibited FLT3-ITD leukemia cells 
proliferation and promoted apoptosis [37].  
3.1.5. Bortezomib (PS-341)  
 Bortezomib, another proteasome inhibitor, can interfere with 
the transcription of FLT3-ITD and induce the early degradation of 
FLT3-ITD through autophagy. Bortezomib can trigger the inhibi-
tion of MAPK/ERK, PI3K/AKT and STAT5 pathways and subse-
quent activation of cell death in the AML [36, 38].  

3.2. The Second Generation Inhibitors  
3.2.1. Quizartinib (AC220））  
 Quizartinib is a second-generation FLT3 inhibitor that com-
pletely suppresses FLT3 phosphorylation in vivo at doses that are 
easily achievable and sustainable in the clinic [39]. There have been 
some trials proved that quizartinib can lead to favorable prognosis 
and it is promising that effective FLT3 inhibitors will become stan-
dard anti-leukemic approaches alongside traditional chemotherapies 
and HSCT. 
3.2.2. Sorafenib (BAY43-9006)  
 With specific activity against the ITD mutation but not against 
other FLT3 mutations, sorafenib may suppress FLT3 phosphoryla-
tion and its downstream signaling ultimately promotes apoptosis in 
AML cells [40].  
3.2.3. Gilteritinib (ASP2215)   
 Gilteritinib, a pyrazinecarboxamide derivative, is on trial at 
phase I-II-III and is a promising novel inhibitor of FLT3 inhibitors 
for its potential activity against all classes of FLT3-activating muta-
tions [41].  
3.2.4. Alvocidib (Formerly Flavopiridol)  
 Alvocidib is a multi-serine threonine cyclin-dependent kinase 
inhibitor and mainly downregulates CDK9 and CDK7 to inhibit 
cyclin D1, c-MYC, and MCL-1, which are all important for the 
proliferation of AML cells and cell cycle [42]. Alvocidib has cur-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Signal pathways including PI3K/AKT, MAPK/ERK, STAT5 and autophagy, related to the proliferation, cycle and apoptosis of leukemia cells. 
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rently been examined in a phase II study for the treatment of inter-
mediate- and high-risk AML combined with standard of care 
agents. 
3.2.5. AZD8055   
 AZD8055 has anti-tumor activity in AML cells by blocking 
mTOR signaling and can fully inhibit phosphorylation of eIF4E-
binding protein 1, and subsequently arrests protein translation. Sig-
nificantly, AZD8055 can decrease AML proliferation, hold back 
cell cycle progression and promote caspase-dependent apoptosis in 
leukemia cells but not in immature normal CD34+ cells. Interest-
ingly, it can strongly induce autophagy, which may be protective 
autophagy in response to chemotherapy [43]. AZD8055 can mark-
edly increase the survival of AML transplanted mice through a 
significant reduction of tumor growth without apparent drug toxic-
ity [44]. Synergistic combinations of chemotherapy with low-dose 
AZD8055 could be more effective.  

3.3. Novel Potential Inhibitors 
3.3.1. Crenolanib (PLX-3397) 
 Crenolanib can be applied to the mutation of activation ring of 
FLT3 and the treatment strategy in which crenolanib is  combined 
with induction chemotherapy of incipient FLT-ITD or FLT3-TKD 
mutations in AML is ongoing in clinical trials [45]. 
3.3.2. T315   
 T315 is an integrin-linked kinase (ILK) inhibitor which down-
regulates protein kinase B (Akt) and p-Akt and decreases cell activ-
ity of AML through promoting apoptotic and autophagic cell death 
[46, 47].  
3.3.3. Gefitinib (ZD1839)  
 Gefitinib can selectively target EGFR, block the transduction 
pathway of tyrosine protein kinase and promote leukemia cell apop-
tosis. It was also found that BAG956, a kind of PI3K/PDK-1 inhibi-
tor, can generate synergistic anti-proliferative effects when com-
bined with midostaurin in the FLT3-mutated AML patients after 
HSCT [48, 49]. 
3.3.4. Volasertib  
 Volasertib, a Polo-like kinase inhibitor, is a potent drug with the 
combination therapy for those untreated patients who are ineligible 
for intensive induction therapy [50]. Volasertib is currently under-
going investigation in phase I and II trials and has yet to be licensed 
by the FDA.  
3.3.5. Ciclopirox 
 Ciclopirox, an anti-fungal agent, is proved to be a novel specific 
mTOR kinase inhibitor and the combination of parthenolide and 
ciclopirox demonstrates greater toxicity against AML than treat-
ment with either compound alone [51, 52]. 
3.3.6. HSP90  
 The heat-shock protein-90, also called HSP90, is a molecular 
chaperone connected with the co-chaperone Cdc37 which binds a 
variety of proteins, including tyrosine and serine/threonine protein 
kinases. Thus, finding valid inhibitor to disrupt such an interaction 
would help to block Akt function and further suppress leukemia 
cells [53].  
3.3.7. Other Potential Inhibitors 
 Several trials demonstrated that PTEN and PIK3CA mutations 
may activate PDK1 downstream kinase [54-56], therefore, there are 
studies being conducted for the development of small molecule 
PDK1 inhibitors for the therapy of AML [57, 58]. Nevertheless, 
other PDK1 inhibitors have shown preclinical efficacy in AML [59, 
60]. Recently, many inhibitors have emerged like HSP90, ibrutinib 
(PCI-32765) [61] which selectively target FLT3-ITD in mutant 
FLT3-positive AML [62, 63]. AG1109, which has been found as an 
effective inhibitor of protein tyrosine kinase, is a new potent inhibi-

tor of protein kinase CK2. SU5416 and SU6668 are inhibitors of c-
kit in AML, which is a receptor tyrosine kinase (RTK) with a piv-
otal role in disease [64]. There are many new candidate inhibitors 
which are still under development such as NVP-BEZ235 [65, 66], 
OSI-027 [67], PP242 [68], and CAL-101[69]. ACER3 has been 
found to be a potent target which promotes cell proliferation, inhib-
its apoptosis and activates AKT signal pathway of leukemia cells 
[70]. DOT1L is another new target and is potentially used in the 
chemotherapy of AML [71]. Therefore, developing their inhibitors 
is necessary. 

CONCLUSION AND OUTLOOK 
 Although the treatment of AML has been improved over the 
past few decades, the pathogenesis of AML and the pathways in-
volved are still not fully clear. Molecular targeted therapy and im-
munotherapy have both demonstrated impressive efficacy and 
promising impact on AML patients; however, further clinical trials 
incorporating patient diagnosis, prognosis, and in-depth investiga-
tion based on genetic and mechanistic biomarkers are urgently 
needed.  
 Many new targets have been studied on trials such as PAK1 
[72], DOCK2 [73], IDH1/2 [74] and DOT1L [75]. PAK1 (p21-
activated kinase) is a member of the PAK family of ser-
ine/threonine kinases, which promotes AML cells differentiation 
and apoptosis [72]. DOCK2 (Dedicator of cytokinesis 2) is a prom-
ising novel target for AML for the reason that knockdown of 
DOCK2 by shRNA enhances FLT3 activity and makes FLT3/ITD 
leukemic cells more sensitive to conventional antileukemic drugs 
[73]. IDH1/2 (isocitrate dehydrogenase 1/2) inhibitors change hy-
permethylation of DNA and histones in vitro therapy, interestingly, 
IDH2 mutations at the Arg140 usually bring a favorable outcome 
particularly in the intermediate-risk AML patients [74], providing 
novel candidate site to develop inhibitor for therapeutic targeting of 
specific AML subsets. DOT1L (Disruptor of telomeric silencing 1-
like), required for the transforming activity of MLL fusion proteins, 
is a catalytic driver of leukemogenesis and its inhibitors EPZ-567 
and EPZ004777 are on trial [75]. 
 Currently, with the rapid development of biological information 
technology, multiple new types of protein kinase inhibitors such as 
FLT3 and mTOR inhibitors have been selected. PKIs have been 
used to treat AML patients either separately and in combination 
with traditional treatments. For example, combining sorafenib with 
standard induction chemotherapy yielded encouraging results in 
phase I/II [76]. Dasatinib was applied into the standard induction 
and consolidation chemotherapy in phase II patients with KIT-
mutated/CBF AML and contributed to promising prognosis [77]. At 
the same time, plenty of clinical trials incorporate with the immune 
therapy, particularly in patients receiving transplantation or post-
transplantation [78-81]. However, serious off-target effects and 
toxicity in patients have been observed, which might result from the 
genetic heterogeneity, the protein kinase mutation and evoluted 
immune escape.  
 Taken together, the incorporation of PKIs into the clinical stan-
dard chemotherapy still remains a considerable challenge and 
would result in the diverse curative rates due to many factors, such 
as specificity and stability of the PKIs, dose, inhibitors’ interaction, 
the clinical phase, patients’ individual variety, etc. Thus, further 
understanding of the pathogenesis of AML, screening new targets 
and seeking novel effective PKIs are necessary, especially with the 
increasing severity of drug-resistance. Moreover, highly specific 
kinase inhibitor drugs will hopefully provide truly effective and 
personalized treatments of cancers with less reliance on toxic che-
motherapy.  
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