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ABSTRACT 

Acute myeloid leukemia is a malignancy of proliferative, abnormally, or poorly differentiated cells of the hematopoietic system, 

characterized by genetic heterogeneity. FMS-like tyrosine kinase 3- internal tandem duplication remains one of the most frequently mutated 

genes in acute myeloid leukemia, especially in those with normal cytogenetics. The FMS-like tyrosine kinase 3- internal tandem duplication 

and FLT3 tyrosine kinase domain mutations are biomarkers for high-risk acute myeloid leukemia and are associated with drug resistance 

and high risk of relapse. Various FLT3 inhibitors are in clinical development, including lestaurtinib, tandutinib, quizartinib, midostaurin, 

gilteritinib, and crenolanib. Gilteritinib is a small molecule that inhibits multiple receptor tyrosine kinases that also act as FMS-like tyrosine 

kinase 3. Gilteritinib, a next-generation tyrosine kinase inhibitor, is approved in several countries worldwide for the treatment of relapsed or 

refractory acute myeloid leukemia in adults with FMS-like tyrosine kinase 3 mutations. Gilteritinib demonstrated the ability to inhibit FLT3 

receptor signaling and production in cells exogenously expressing FLT3 including FLT3 internal tandem duplication and tyrosine kinase 

domain mutations FLT3-D835Y and FLT3-ITD-D835Y, and it induced apoptosis in leukemic cells possessing FLT3 internal tandem 

duplication. In conclusion, gilteritinib therapy led to higher percentages of patients with the response and longer survival than salvage 

chemotherapy among patients with relapsed or refractory FLT3-mutated acute myeloid leukemia. 

Keywords: Acute myeloid leukemia, FMS-like tyrosine kinase 3- internal tandem duplication, FLT3 tyrosine kinase domain 

mutations,Gilteritinib, FMS-like tyrosine kinase 3 mutations. 
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1. INTRODUCTION: 

Gilteritinib is first oral FDA approved agent which is available under the brand name Xospata and dosage of 40mg oral tablet[1] It belongs 

to the class Antineoplastic; Tyrosine kinase inhibitor.[2] Gilteritinib is a pyrazine carboxamide derivative synthesized and developed by 

Astellas Pharma, Inc. TOKYO; JAPAN.[3] 

 

Figure 1: Molecular structure of Gilteritinib 

A. MECHANISM OF ACTION: 

Gilteritinibis is a small molecule that inhibits multiple receptor tyrosine kinases, including FMS like tyrosine kinase 3 (FLT3). It is an orally 

bioavailable inhibitor of the receptor tyrosine kinases (RTKs) FMS-related tyrosine kinase 3 (FLT3, STK1, or FLK2), AXL (UFO or 

JTK11) and anaplastic lymphoma kinase (ALK or CD246), with potential antineoplastic activity. Gilteritinib binds to both forms i.e.; wild-

type and mutated forms of FLT3, AXL and ALK and also inhibits the both forms. This may result in an inhibition of FLT3, AXL, and 

ALK-mediated signal transduction pathways and reduces tumor cell proliferation in cancer cell types that overexpress these RTKs. FLT3, 

AXL and ALK, overexpressed or mutated in a variety of cancer cell types, play a key role in tumor cell growth and survival.[4-7] It is 

Indicated for management of patients who have relapsed or refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 

(FLT3) mutation and prescribed 120 mg orally quarterly in a day. Response may be delayed and hence required to continue for at least 6 

months for a clinical response or until disease progression or unacceptable toxicity.[8][9] 

B. DOSAGE MODIFICATIONS: 

        For ADVERSE DRUG REACTIONS: 

 For Posterior reversible encephalopathy syndrome (PRES): Terminate the treatment 

 QTc interval >500 msec: Withheld the treatment; resume at 80 mg when QTc interval returns to within 30 msec of baseline or ≤480 

msec 

 QTc interval increased by >30 msec on ECG on Day 8 of Cycle 1: Draw the ECG on Day 9; if confirmed, consider reducing dose to 

80 mg 

 Pancreatitis: Withheld the treatment until pancreatitis resolved; resume at 80 mg 

 Other Grade ≥3 drug-related toxicity: Withheld until toxicity resolves or improves to Grade 1; resume at 80 mg 

 Differentiation syndrome 

o If suspected, administer the systemic corticosteroids and initiate hemodynamic monitoring until symptoms resolve for at least 

3 days 

o Interrupt dose if severe signs and/or symptoms persist for >48 hr after initiation of corticosteroids 

o Resume when signs and symptoms improve to Grade ≤2 

 

For RENAL OR HEPATIC INPAIRMENT: 

 

 Mild or moderate ([CrCl 30-80 mL/min] or [Child-Pugh Class A or B]): No clinically effects on the pharmacokinetics of gilteritinib 

 Severe ([CrCl <30 mL/min] or [Child-Pugh C]): Unknown[10-12] 

 

Assessment of blood cell counts and chemistries prior to initiation, at least quarterly a Week for the first month, once every other week for 

the second month, and once monthly subsequently perform ECG prior to beginning of management, on Days 8 and 15 of Cycle 1, and prior 

to the next 2 subsequent cycles. 

 

Selection of patient should be based on  

 FLT3 mutation in blood or bone marrow 

 Information on FDA-approved tests for FLT3 mutation detection in AML.[13-15] 
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C. PHARMACODYNAMICS 

In preclinical trials, gilteritinib reveal an IC50 for the wild-type receptor of 5 nM, 0.7-1.8 nM for ITD-mutated and comparable inhibition to 

other therapies in the TKD-mutated. Additionally, data showed a gilteritinib-driven inhibition of the receptor tyrosine kinase AXL which is 

acknowledged to modulate the activity of FLT3 in acute myeloid leukemia.[16] Another important result in vivo was the localization in 

high levels in xenografted tumors which indicated high selectivity.[17] In phase 1/2 clinical trials, gilteritinib was shown to present a 

composite complete response of about 40%, an overall response rate of 50-52%, a median duration of response of 20 weeks with a median 

overall survival of 31 weeks.[18] In phase III clinical trials, gilteritinib reported a complete remission or complete remission with partial 

hematologic recovery in 21% of the patients.[19] 

D. PHARMACOKINETICS 

Absorption involves that in preclinical trials, the maximal plasma concentration of gilteritinib was observed 2 hours after oral administration 

and followed by a maximal intratumor concentration after 4-8 hours. The steady-state plasma level is reached within 15 days of dosing with 

an approximate 10-fold bioaccumulation.In a fasted state in humans, the tmax is reported to be of 4-6 hours. The Cmaxwas decreased by 

26% and AUC by 10%  by the co-administration of a high-fat meal with a tmax delay of 2 hours.[20] The estimated apparent central and 

peripheral volume of distribution is 1092 L and 1100 L respectively. This value indicated an extensive tissue distribution.[21] Gilteritinib is 

reported to be highly bound to plasma proteins, representing 94% of the dose. Therefore, main protein-bound is serum albumin. Gilteritinib 

is primarily metabolized in the liver by the enzyme activity of CYP3A4. Its metabolism is driven by reactions of N-dealkylation and 

oxidation which forms the metabolite M17, M16 and M10. As of the plasma concentration, unchanged drug is major form. [22] From the 

administered dose, gilteritinib is mainly excreted in feces which represents 64.5% of the administered dose while 16.4% is recovered in 

urine either as the unchanged drug or as its metabolites.The reported median half-life of gilteritinib is of ~45-159 hours.The estimated 

clearance of gilteritinib is 14.85 L/h. [23] 

E. ADVERSE EFFECTS: 

Myalgia, increased transaminases, fatigue, fever, dyspnea, edema, noninfectious diarrhea, rashes, pneumonia, constipation, nausea, 

stomatitis are some of the major reactions that occur after administration. 

F. TOXICITY: 
Gilteritinib is not mutagenic in bacterial mutagenesis assays nor clastogenic in aberration test assays in Chinese hamster lung cells. 

However, it resulted positive for the induction of micronuclei in mouse bone marrow and for the degeneration and necrosis of germ cells 

and spermatid giant cell formation in testis as well as single cell necrosis of the epididymal duct epithelia.[23] 

2. FLT3 AND AML: 

FLT3 mutations are one of the most common mutations in patients with newly diagnosed acute myeloid leukemia (AML). Patients with 

relapsed or refractory AML with mutations in the FMS-like tyrosine kinase 3 gene (FLT3) infrequently have a response to salvage 

chemotherapy. Gilteritinib is an oral, very potent alongside with selective FLT3 inhibitor with single-agent activity in relapsed or refractory 

FLT3-mutated AML. Approximately 25% to 35% of newly diagnosed younger patients (<65 years) with AML harbor an FLT3 

mutation.[24,25]There are 2 major types of FLT3 mutations-internal tandem duplication (FLT3-ITD) and kinase-activating mutation D835 

(FLT3-D835)—that are present in about 20% to 30% and 7% to 10% of patients with newly diagnosed AML, respectively. FLT3-mutated 

AML often presents with proliferative features including elevated white blood cell (WBC) and blast counts at presentation and are 

associated with adverse outcomes due to short remission durations and early relapse. 

2.1. FLT3: The target 

 

The receptor tyrosine kinase (RTK) FLT3 is a member of the alleged “split kinase” type 3 family of RTKs.This involves the homology with 

KIT, the platelet-derived growth factor receptors, and colony stimulating factor-1 receptor.[26] Thereby, FLT3 inhibitors will often inhibit 

one or more of these other family members. FLT3’s major role in haematopoiesis is at the progenitor level, where itsenergiesthe expansion 

of different subsets within this compartment. The FLT3 is vital in haematopoiesisbut exact role that it plays in defining specific progenitor 

cell types continues to be discussed.[27-30]  Thereby,  it is clear that as the blood cells mature, most lose expression of FLT3, with the 

exception of dendritic cells, which remain at slightest partially dependent on FLT3 for proliferation.[31]  The effect of FLT3 inhibition on 

any of the progenitor populations is still undistinguishable, as activation of redundant pathways might compensate for the loss of FLT3 

signalling. FLT3 is a cytokine receptor, and its cognate ligand, FLT3 ligand is expressed.[32] Finally, the dependence of mature dendritic 

cells on FLT3 signalling may have implications for patients treated with FLT3 inhibitors. Inhibition of dendritic cell function could result in 

increased infection risk, mainly in patients who have undergone allogeneic transplant and are receiving an FLT3 inhibitor as maintenance 

therapy. 
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FIGURE 2: Hematopoiesis and FLT3 expression. The green zone surrounds the cell types that express FLT3. CLP, common lymphoid 

progenitor; CMP, common myeloid progenitor; GMP, granulocyte-macrophage progenitor; LT-HSC, long-term hematopoietic stem cell; 

MEP, megakaryocyte-erythroid progenitor; MPP, multipotent progenitor; NK, natural killer; ST-HSC, short-term hematopoietic stem cell. 

Professional illustration by Somersault18:24. 

 

An FLT3-ITD mutation consists of a duplication of coding sequence that is inserted in tandem and in-frame.[33] The length may vary. The 

duplication almost invariably starts within the juxta membrane domain, generally involving residue arginine 595.[34] Every so often, there 

is an additional inserted sequence that is unique typically coding for a single amino acid. The juxta membrane domain normally employs a 

negative regulatory effect on the kinase activity of FLT3, such that structural perturbations these tandem duplications of juxta membrane 

coding sequence and release the receptor from autoinhibition.[35] The not only the length is  variable component of this mutation but the 

insertion site also vary in turn to the variation in length. A short duplication is generally confined to the juxta membrane domain coding 

sequence although a longer duplication extends into the first kinase domain, meaning the insertion site is actually within the coding 

sequence for the kinase domain. These longer insertions are further problematic to detect and almost certainly have a different aggressive 

phenotype.[36-39] Patients with longer insertions appear to have decreased benefit from the combination of midostaurin and 

induction/consolidation chemotherapy.[40] 

 

The retrospective studies have shown that the negative prognostic effect of FLT3-ITD mutations recognized the amount of mutant allele 

relative to the wild-type i.e.; nonmutated allele was important.[41] The capillary electrophoresis method of separating polymerase chain 

reaction (PCR) products permitted for the calculation of an allelic ratio.Though it is probably safe to conclude that the more FLT3-ITD 

alleles present, the worse the disease. Present assay methods are not standardized, intrasample variability is high,[37] and consequencesmay 

well be influenced by chemotherapy and transplant regimens, which widely vary. Therefore, the Standardization of the FLT3-ITD detection 

assay is a prior aim in this field of the study. However, In some studies expressed that the unique length of any patient’s insertion mutation 

provides a sign of that patient’s disease.  Combination PCR-NGSassays appear to yield important information about FLT3-ITD MRD in 

ongoing studies of FLT3 inhibitors.[42-45]  Multiple tyrosine kinase inhibitors (TKIs) have demonstrated clinical activity in FLT3-mutated 

patients, including midostaurin, sorafenib, crenolanib, gilteritinib, and quizartinib.[46] Where first-generation FLT3 inhibitors (FLT3i’s) are 

lacking in specificity for FLT3 (e.g., midostaurin and sorafenib), second-generation FLT3i’s (e.g., crenolanib, gilteritinib, and quizartinib) 

appear to be more potent and specific, with fewer toxicities and off-target effects. FLT3-targeted TKIs are classified into type I and type II; 

type I FLT3i binds an active receptor conformation (midostaurin, crenolanib, and gilteritinib) and type II FLT3i binds to the inactive 

conformation (quizartinib, sorafenib, and ponatinib). Type I inhibitors impinge on FLT3 signaling in AML cells harboring either ITD and/or 

tyrosine kinase domain (TKD) mutations, whereas type II inhibitors have demonstrated limited to no effect on FLT3-D835 AML cells in 

culture.[47] Midostaurin, a first-generation type I FLT3i, showed improved overall survival (OS) and improved complete remission (CR) 

rates when it was added to the backbone of standard AML 3+7 induction therapy compared to 3+7 with placebo in FLT3-mutated (ITD 

and/or D835) patients in the randomized, multinational, phase 3 RATIFY study.[48,49,50] This led to the approval of midostaurin in 

combination with induction therapy in newly diagnosed patients with AML who were considered fit for induction therapy in the United 

States as well as Europe. In the relapsed AML setting, sorafenib, also a first-generation but type II FLT3i, used in combination with the 

hypomethylating agent (HMA) azacitidine has shown response rates of 40% to 45%, leading to the National Comprehensive Cancer 

Network (NCCN) guideline for the use of azacitidine with sorafenib in relapsed FLT3-ITD AML.[51] Although midostaurin and sorafenib 

showed activity in combination with 3+7 induction and azacitidine, respectively, they have very limited single-agent activity, with less than 

10% single-agent marrow remission rates in relapsed FLT3-mutated AML based on phase 1 published data.[52] In contrast, the second-
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generation FLT3i’s gilteritinib and quizartinib have shown clinical efficacy as single agents with composite complete remission (CRc) rates 

of 45% to 55% in multiple phase 2 trials in relapsed/refractory (r/r) FLT3 mutated AML, highlighting the striking difference in potency 

between the first- and second-generation FLT3I’s.[53,54] 

2.2. EFFORTS TO DEVELOP FLT3 INHIBITORS ANINTRODUCTION TO GILTERITINIB: 

The encouraging response rates and tolerability with the second-generation FLT3i gilteritinib in the phase 2 CHRYSALIS trial[55] In r/r 

FLT3 (ITD and/or D835)-mutated patients led to the phase 3 ADMIRAL trial—the focus for this discussion. This was a multicenter, 

randomized, phase 3 study that enrolled 371 FLT3-mutated (ITD and/or D835) patients randomized 2:1 to be treated with the single-agent 

FLT3i gilteritinib vs investigator choice (IC) therapy, which included a choice of high-intensity therapy (fludarabine, cytarabine [Ara-C], 

granulocyte-colony stimulating factor [G-CSF], and idarubicin [FLAG-IDA] or mitoxantrone, etoposide, and cytarabine [MEC]) or low-

intensity therapy (HMA or low-dose cytarabine). The co-primary end points of the study were response measured by CR/CR with partial 

hematologic recovery (CRh) rate and OS. The study met both primary end points with a CR/CRh rate of 34% compared with 15% and a 

median OS of 9.3 vs 5.6 months with gilteritinib vs IC therapy. The 1-year OS with gilteritinib was 37% compared with 16% with IC 

therapy. These results clearly showed the superior efficacy of targeted therapy with an FLT3i over cytotoxic or nonspecific lower-intensity 

therapies in relapsed FLT3-mutated AML. Conceptually, the study was a major breakthrough, showing that—similar to what has been 

demonstrated in a number of solid tumors—the identification and optimal targeting of driver mutations is a highly effective approach in 

optimizing management of patients with AML. This was the first randomized phase 3 study to show that single-agent targeted therapy could 

beat intensive chemotherapy in patients with AML and heralds a paradigm shift in our approach to AML.[56] 

The overall marrow remission rates were significantly higher with gilteritinib at 54% compared with 22% with IC chemotherapy. Similarly, 

the ability to proceed to allogeneic stem cell transplantation—likely the only option with curative potential—was significantly increased in 

patients who received gilteritinib vs IC chemotherapy. In parallel, another phase 3 study using an alternative second-generation FLT3i, 

quizartinib, similarly showed improved OS with quizartinib compared with IC therapy in patients with relapsed FLT3-ITD mutated 

AML.[30] This led to the approval of quizartinib in Japan, but the agent is not approved in the United States or Europe. These studies 

together confirm the need to routinely check for FLT3 mutations at the time of relapse and, if identified, preferentially select an FLT3-

targeted therapy. It is worth noting that FLT3 is a dynamic mutation and has been shown to be acquired at relapse in patients who did not 

have a detectable FLT3 mutation at baseline or could be lost at relapse in patients who did have a baseline FLT3 mutation. So testing for 

FLT3 at the time of actual relapse is essential.[57,58] 

The improved response rates and survival seen with gilteritinib, while encouraging, leave room for significant improvement. The median 

OS was 9.3 months, and at 24 months less than 15% of patients remained alive. Evaluating second-generation FLT3i’s in the frontline 

setting in combination with induction therapy or with HMA such as azacytidine may further improve the response rates and duration of 

response based on recent data and be a more optimal way to use targeted therapies. Similarly, a preclinical synergy of venetoclax, a BCL2 

inhibitor, together with gilteritinib has led to a clinical trial combining these 2 agents, and early preliminary data show very high marrow 

remission rates (>80%).[11] Such novel combinations of FLT3i’s with other active AML therapies will likely significantly improve the 

impact of these therapies and, once optimized, would have the potential to enable us to dramatically improve long-term survival in these r/r 

AML patients with FLT3 mutations.[59] It had a generally favorable safety and efficacy profile in a population enriched with relapsed/ 

refractory AML. As a result, Gilteritinib is rapidly becoming the standard of care for patients with relapsed or refractory Flats mutated 

AML. 

3. CONCLUSION: 

Gilteritinib resulted in significantly longer and higher percentile of patients survival rate involving the with remission than salvage 

chemotherapy of patients with relapsed or refractory FLT3-mutated AML.Gilteritinib is the first FDA – approved agent and an orally 

available tyrosine kinase inhibitor for the treatment of relapsed and/or refractory FLT3 mutated AML. FLT3-ITD mutations are associated 

with highly proliferative disease, shorter duration of remissions and increased rates of diseases. It is important to evaluate the presence of 

FLT3 mutations throughout the therapy process as there is a greater impact of FLT3 mutations on clinical outcomes. Gilteritinib is able to 

inhibit both FLT3-ITD and FLT3- TKD mutations that resulted in significantly longer survival and higher percentages of patients with 

remission than salvage chemotherapy among patients with relapsed or refractory FLT3-mutated AML. The data from the ADMIRAL study 

has established Gilteritinib as the new standard therapy for RR/ FLT6 mutated AML. It had a generally favorable safety and efficacy profile 

in a population enriched with relapsed/ refractory AML. As a result, Gilteritinib is rapidly becoming the standard of care for patients with 

relapsed or refractory Flats mutated AML. 

 

 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                                  © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882 

IJCRT2009462 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 3654 
 

4. REFERENCES: 

 

1. FDA https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-adult-patients-who-have-relapsed-or-

refractory-acute-myeloid-leukemia-aml 

2. Clinical trials https://clinicaltrials.gov/ct2/show/NCT02456883 

3. Mori M, Kaneko N, Ueno Y, Yamada M, Tanaka R, Saito R, Shimada I, Mori K, Kuromitsu S: Gilteritinib, a FLT3/AXL 

inhibitor, shows antileukemic activity in mouse models of FLT3 mutated acute myeloid leukemia. Invest New Drugs. 2017 

Oct;35(5):556-565. doi: 10.1007/s10637-017-0470-z. Epub 2017 May 17. [PubMed:28516360] 

 

4. Stone RM: What FLT3 inhibitor holds the greatest promise? Best Pract Res Clin Haematol. 2018 Dec;31(4):401-404. doi: 

10.1016/j.beha.2018.09.008. Epub 2018 Sep 20. [PubMed:30466756] 

5. Fathi AT, Chen YB: The role of FLT3 inhibitors in the treatment of FLT3-mutated acute myeloid leukemia. Eur J Haematol. 2017 

Apr;98(4):330-336. doi: 10.1111/ejh.12841. Epub 2017 Jan 19. [PubMed:28000291] 

6. Antar A, Otrock ZK, El-Cheikh J, Kharfan-Dabaja MA, Battipaglia G, Mahfouz R, Mohty M, Bazarbachi A: Inhibition of FLT3 

in AML: a focus on sorafenib. Bone Marrow Transplant. 2017 Mar;52(3):344-351. doi: 10.1038/bmt.2016.251. Epub 2016 Oct 24. 

[PubMed:27775694] 

7. Thom C: Preliminary data on ASP2215: tolerability and efficacy in acute myeloid leukemia patients. Future Oncol. 2015 

Sep;11(18):2499-501. doi: 10.2217/fon.15.188. Epub 2015 Aug 17. [PubMed:26279055] 

8. Lee LY, Hernandez D, Rajkhowa T, Smith SC, Raman JR, Nguyen B, Small D, Levis M: Preclinical studies of gilteritinib, a next-

generation FLT3 inhibitor. Blood. 2017 Jan 12;129(2):257-260. doi: 10.1182/blood-2016-10-745133. Epub 2016 Dec 1. 

[PubMed:27908881] 

9. Clinical trials https://clinicaltrials.gov/ct2/show/NCT02181660 

10. NIH (https://www.cancer.gov/types/leukemia/patient/adult-aml-treatment-pdq) 

11. AmericanSociety of Clinical Oncology. https://ascopubs.org/doi/abs/10.1200/JCO.2016.34.15_suppl.7026 

12. https://reference.medscape.com/drug/xospata-gilteritinib-1000271#3 

13. Estey E, Dohner H. Acute myeloid leukaemia. Lancet. 2006;368(9550):1894–1907. doi: 10.1016/S0140-6736(06)69780-8. - DOI 

- PubMed 

14. Grunwald MR, Levis MJ. FLT3 tyrosine kinase inhibition as a paradigm for targeted drug development in acute myeloid 

leukemia. Semin Hematol. 2015;52(3):193–199. doi: 10.1053/j.seminhematol.2015.03.004. - DOI - PubMed 

15. Weisberg E, Boulton C, Kelly LM, Manley P, Fabbro D, Meyer T, Gilliland DG, Griffin JD. Inhibition of mutant FLT3 receptors 

in leukemia cells by the small molecule tyrosine kinase inhibitor PKC412. Cancer Cell. 2002;1(5):433–443. doi: 10.1016/S1535-

6108(02)00069-7. - DOI - PubMed 

16. Kantarjian H, O'Brien S, Cortes J, Giles F, Faderl S, Jabbour E, Garcia-Manero G, Wierda W, Pierce S, Shan J, Estey E. Results 

of intensive chemotherapy in 998 patients age 65 years or older with acute myeloid leukemia or high-risk myelodysplastic 

syndrome: predictive prognostic models for outcome. Cancer. 2006;106(5):1090–1098. doi: 10.1002/cncr.21723. - DOI - PubMed 

17. Slovak ML, Kopecky KJ, Cassileth PA, Harrington DH, Theil KS, Mohamed A, Paietta E, Willman CL, Head DR, Rowe JM, 

Forman SJ, Appelbaum FR. Karyotypic analysis predicts outcome of preremission and postremission therapy in adult acute 

myeloid leukemia: a southwest oncology group/eastern cooperative oncology group study. Blood. 2000;96(13):4075–4083. - 

PubMed 

18. Galanis A, Levis M. Inhibition of c-kit by tyrosine kinase inhibitors. Haematologica. 2015;100(3):e77–e79. doi: 

10.3324/haematol.2014.117028. - DOI - PMC - PubMed 

19. Zimmerman EI, Turner DC, Buaboonnam J, Hu S, Orwick S, Roberts MS, Janke LJ, Ramachandran A, Stewart CF, Inaba H, 

Baker SD. Crenolanib is active against models of drug-resistant FLT3-ITD-positive acute myeloid leukemia. Blood. 

2013;122(22):3607–3615. doi: 10.1182/blood-2013-07-513044. - DOI - PMC - PubMed 

http://www.ijcrt.org/
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-adult-patients-who-have-relapsed-or-refractory-acute-myeloid-leukemia-aml
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-adult-patients-who-have-relapsed-or-refractory-acute-myeloid-leukemia-aml
https://clinicaltrials.gov/ct2/show/NCT02456883
https://clinicaltrials.gov/ct2/show/NCT02181660
https://www.cancer.gov/types/leukemia/patient/adult-aml-treatment-pdq
https://ascopubs.org/doi/abs/10.1200/JCO.2016.34.15_suppl.7026
https://reference.medscape.com/drug/xospata-gilteritinib-1000271#3


www.ijcrt.org                                                                  © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882 

IJCRT2009462 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 3655 
 

20. Zarrinkar PP, Gunawardane RN, Cramer MD, Gardner MF, Brigham D, Belli B, Karaman MW, Pratz KW, Pallares G, Chao Q, 

Sprankle KG, Patel HK, Levis M, Armstrong RC, James J, Bhagwat SS. AC220 is a uniquely potent and selective inhibitor of 

FLT3 for the treatment of acute myeloid leukemia (AML) Blood. 2009;114(14):2984–2992. doi: 10.1182/blood-2009-05-222034. 

- DOI - PMC - PubMed 

21. Smith CC, Wang Q, Chin CS, Salerno S, Damon LE, Levis MJ, Perl AE, Travers KJ, Wang S, Hunt JP, Zarrinkar PP, Schadt EE, 

Kasarskis A, Kuriyan J, Shah NP. Validation of ITD mutations in FLT3 as a therapeutic target in human acute myeloid leukaemia. 

Nature. 2012;485(7397):260–263. doi: 10.1038/nature11016. - DOI - PMC - PubMed 

22. Smith CC, Lin K, Stecula A, Sali A, Shah NP. FLT3 D835 mutations confer differential resistance to type II FLT3 inhibitors. 

Leukemia. 2015;29(12):2390–2392. doi: 10.1038/leu.2015.165. - DOI - PMC - PubMed 

23. Smith CC, Zhang C, Lin KC, et al. Characterizing and overriding the structural mechanism of the quizartinib-resistant FLT3 

"gatekeeper" F691L mutation with PLX3397. Cancer Discov. 2015;5(6):668–679. doi: 10.1158/2159-8290.CD-15-0060. - DOI - 

PMC - PubMed 

24. Thiede C, Steudel C, Mohr B, et al. Analysis of FLT3-activating mutations in 979 patients with acute myelogenous leukemia: 

association with FAB subtypes and identification of subgroups with poor prognosis. Blood. 2002;99(12):4326-4335. 

25. Frohling S, Schlenk RF, Breitruck J, et al, Prognostic significance of activating FLT3 mutations in younger adults (16 to 60 years) 

with acute myeloid leukemia and normal cytogenetics: a study of the AML study group Ulm. Blood. 2002;15;100(13):4372-4380. 

26. Van der Geer P, Hunter T, Lindberg RA. Receptor protein-tyrosine kinases and their signal transduction pathways. Annu Rev Cell 

Biol. 1994;10(1):251-337. 

27. Doulatov S, Notta F, Eppert K, Nguyen LT, Ohashi PS, Dick JE. Revised map of the human progenitor hierarchy shows the origin 

of macrophages and dendritic cells in early lymphoid development. Nat Immunol. 2010;11(7):585-593. 

28. Buza-Vidas N, Woll P, Hultquist A, et al. FLT3 expression initiates in fully multipotent mouse hematopoietic progenitor cells. 

Blood. 2011;118(6):1544-1548. 

29. Beaudin AE, Boyer SW, Forsberg EC. Flk2/Flt3 promotes both myeloid and lymphoid development by expanding non-self-

renewing multipotent hematopoietic progenitor cells. Exp Hematol. 2014;42(3):218-229.e4. 

30. Tsapogas P, Mooney CJ, Brown G, Rolink A. The cytokine Flt3-ligand in normal and malignant hematopoiesis. Int J Mol Sci. 

2017;18(6):E1115. 

31. Whartenby KA, Calabresi PA, McCadden E, et al. Inhibition of FLT3 signaling targets DCs to ameliorate autoimmune disease. 

Proc Natl Acad Sci USA. 2005;102(46):16741-16746. 

32. Lyman SD, Jacobsen SE. c-Kit ligand and Flt3 ligand: stem/progenitor cell factors with overlapping yet distinct activities. Blood. 

1998;91(4):1101-1134. 

33. Sato T, Yang X, Knapper S, et al. FLT3 ligand impedes the efficacy of FLT3 inhibitors in vitro and in vivo. Blood. 

2011;117(12):3286-3293. 

34. Peterlin P, Gaschet J, Guillaume T, et al. FLT3 ligand plasma levels in acute myeloid leukemia. Haematologica. 

2019;104(6):e240-e243. 

35. Milne P, Wilhelm-Benartzi C, Grunwald MR, et al. Serum Flt3 ligand is a biomarker of progenitor cell mass and prognosis in 

acute myeloid leukemia. Blood Adv. 2019;3(20):3052-3061. 

36. Vempati S, Reindl C, Kaza SK, et al. Arginine 595 is duplicated in patients with acute leukemias carrying internal tandem 

duplications of FLT3 and modulates its transforming potential. Blood. 2007;110(2):686-694. 

37. Griffith J, Black J, Faerman C, et al. The structural basis for autoinhibition of FLT3 by the juxtamembrane domain. Mol Cell.  

2004;13(2):169-178. 

38. Stirewalt DL, Kopecky KJ, Meshinchi S, et al. Size of FLT3 internal tandem duplication has prognostic significance in patients 

with acute myeloid leukemia. Blood. 2006;107(9):3724-3726. 

http://www.ijcrt.org/


www.ijcrt.org                                                                  © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882 

IJCRT2009462 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 3656 
 

39. Kayser S, Schlenk RF, Londono MC, et al; German-Austrian AML Study Group (AMLSG). Insertion of FLT3 internal tandem 

duplication in the tyrosine kinase domain-1 is associated with resistance to chemotherapy and inferior outcome. Blood. 

2009;114(12):2386-2392. 

40. Liu SB, Dong HJ, Bao XB, et al. Impact of FLT3-ITD length on prognosis of acute myeloid leukemia. Haematologica. 

2019;104(1):e9-e12. 

41. Rücker FG, Du L, Blatte TJ, et al. Prognostic impact of insertion site in acute myeloid leukemia (AML) with FLT3 internal 

tandem duplication: results from the Ratify Study (Alliance 10603) [abstract]. Blood. 2018;132(suppl 1). Abstract 435. 

42. Whitman SP, Archer KJ, Feng L, et al. Absence of the wild-type allele predicts poor prognosis in adult de novo acute myeloid 

leukemia with normal cytogenetics and the internal tandem duplication of FLT3: a cancer and leukemia group B study. Cancer 

Res. 2001;61(19):7233-7239. 

43. Murphy KM, Levis M, Hafez MJ, et al. Detection of FLT3 internal tandem duplication and D835 mutations by a multiplex 

polymerase chain reaction and capillary electrophoresis assay. J Mol Diagn. 2003;5(2):96-102. 

44. Thiede C, Prior TW, Lavorgna S, et al. FLT3 mutation assay laboratory cross validation: results from the CALGB 10603/Ratify 

Trial in patients with newly diagnosed FLT3-mutated acute myeloid leukemia (AML) [abstract]. Blood. 2018;132(suppl 1). 

Abstract 2800. 

45. Kottaridis PD, Gale RE, Langabeer SE, Frew ME, Bowen DT, Linch DC. Studies of FLT3 mutations in paired presentation and 

relapse samples from patients with acute myeloid leukemia: implications for the role of FLT3 mutations in leukemogenesis, 

minimal residual disease detection, and possible therapy with FLT3 inhibitors. Blood. 2002;100(7):2393-2398. 

46. Shih LY, Huang CF, Wu JH, et al. Internal tandem duplication of FLT3 in relapsed acute myeloid leukemia: a comparative 

analysis of bone marrow samples from 108 adult patients at diagnosis and relapse. Blood. 2002;100(7):2387-2392. 

47. Polz MF, Cavanaugh CM. Bias in template-to-product ratios in multitemplate PCR. Appl Environ Microbiol. 1998;64(10):3724-

3730. 

48. Levis MJ, Perl AE, Altman JK, et al. A next-generation sequencing-based assay for minimal residual disease assessment in AML 

patients with FLT3-ITD mutations. Blood Adv. 2018;2(8):825-831. 

49. Blätte TJ, Schmalbrock LK, Skambraks S, et al. getITD for FLT3-ITD-based MRD monitoring in AML. Leukemia. 

2019;33(10):2535-2539. 

50. Levis M, Shi W, Chang K, et al. FLT3 inhibitors added to induction therapy induce deeper remissions. Blood. 2020;135(1):75-78. 

51. Daver N, Schlenk RF, Russell NH, et al. Targeting FLT3 mutations in AML: review of current knowledge and evidence. 

Leukemia. 2019;33(2):299-312. 

52. Smith CC, Wang Q, Chin CS, et al. Validation of ITD mutations in FLT3 as a therapeutic target in human acute myeloid 

leukaemia. Nature.2012;485(7397):260-263. 

53. Stone RM, Mandrekar SJ, Sanford BL, et al. Midostaurin plus chemotherapy for acute myeloid leukemia with a FLT3 mutation. N 

Engl J Med. 2017;377(5):454-464. 

54. Ravandi F, Alattar ML, Grunwald MR, et al. Phase 2 study of azacytidine plus sorafenib in patients with acute myeloid leukemia 

and FLT-3 internal tandem duplication mutation. Blood. 2013;121(23):4655-4662. 

55. Short NJ, Kantarjian H, Ravandi F, et al. Emerging treatment paradigms with FLT3 inhibitors in acute myeloid leukemia. Ther 

Adv Hematol.2019;15;10:2040620719827310. doi:10.1177/2040620719827310 

56. Perl AE, Altman J, Cortes J, et al. Selective Inhibition of FLT3 by gilteritinib in relapsed or refractory acute myeloid leukaemia: a 

multicentre, first-in-human, open-label, phase 1-2 Study. Lancet Oncol. 2017;18(8):1061-1075. 

57. Cortes J, Perl AE, Döhner H, et al. Quizartinib, an FLT3 inhibitor, as monotherapy in patients with relapsed or refractory acute 

myeloid leukaemia: an open-label, multicentre, single-arm, phase 2 trial. Lancet Oncol. 2018;19(7): 889-903. 

http://www.ijcrt.org/


www.ijcrt.org                                                                  © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882 

IJCRT2009462 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 3657 
 

58. Cortes JE, Khaled S, Martinelli G, et al. Quizartinib versus salvage chemotherapy in relapsed or refractory FLT3-ITD acute 

myeloid leukaemia (QuANTUM-R): a multicentre, randomised, controlled, open-label, phase 3 trial. Lancet Oncol. 

2019;20(7):984-997. 

59. Perl AE, Daver NG, Pratz KW, et al. Venetoclax in combination with gilteritinib in patients with relapsed/refractory acute 

myeloid leukemia: a phase 1b study. Blood. 2019;134(suppl 1):3910 

http://www.ijcrt.org/

