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H&O  What are FMS-like tyrosine kinase 3 (FLT3) 
inhibitors, and how have they affected the 
treatment of patients with acute myeloid leukemia 
(AML)?

JC  FLT3 mutations are a common occurrence in AML, 
affecting about one-third of patients, and are known to 
have a significant adverse effect on prognosis. The most 
common type of FLT3 mutation is internal tandem dupli-
cation (ITD), which is associated with the worst progno-
sis compared with kinase domain mutations.1 Given the 
frequency and poor prognosis of these mutations, there 
has been a longstanding interest in developing drugs that 
specifically target them, as chemotherapy alone has not 
been effective. Thus, FLT3 inhibitors were developed as 
drugs that somewhat selectively inhibit FLT3 and help 
manage patients with these mutations.

There has been a long history of developing FLT3 
inhibitors. Although some developmental drugs, such 
as lestaurtinib, did not demonstrate efficacy and thus 
did not make it to market, others such as midostaurin 
(Rydapt, Novartis) and gilteritinib (Xospata, Astellas) 
have been approved according to demonstrated effi-
cacy in randomized clinical trials. Some others, such as 
quizartinib, are being tested in clinical trials and have 
shown promising activity. FLT3 inhibitors have been 
investigated both as single agents and in combination 
with standard chemotherapy or other agents to try to 
improve patient outcomes.

In short, the FLT3-mutated gene leads to constitutive 

activation of FLT3 and the rapid proliferation of leukemia 
cells, and FLT3 inhibitors work well by blocking this aber-
rant signal.

H&O  What is quizartinib, and how does it work?

JC  Quizartinib is a FLT3 inhibitor that belongs to the 
type 2 category, which means it specifically targets the 
inactive conformation of FLT3.2 It is a very potent and 
selective inhibitor compared with other inhibitors that are 
currently available or in clinical trials. Type 1 inhibitors 
work against the active and inactive conformation of 

FLT3. In kinome analysis, none of the FLT3 inhibitors 
are purely selective, as they all inhibit other kinases. 
However, quizartinib is perhaps the most selective FLT3 
inhibitor available to date.3
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Quizartinib, the Next FLT3 Inhibitor

A drug that can block 
more than 90% of 
FLT3 activity, such as 
quizartinib, is exactly what 
we want.
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Quizartinib, formerly known as AC-220, was inves-
tigated many years ago in a phase 1 study.4 One of the 
standout features of quizartinib besides its selectivity is 
its potency. Preclinical studies in vitro showed that it can 
almost completely block FLT3 activation, making it an 
ideal candidate for treating FLT3-mutated leukemia. A 
drug that can block more than 90% of FLT3 activity, such 
as quizartinib, is exactly what we want. 

Quizartinib also has excellent oral bioavailability, so 
it is given as a pill, similar to most other FLT3 inhibitors. 
It has undergone a long developmental process, start-
ing with the phase 1 study, followed by several phase 2 
studies,5,6 a randomized study as a single agent compared 
with standard chemotherapy in patients with refractory or 
relapsed AML,13 and more recently, combination studies. 
Various schedules have been tested to determine the opti-
mal activity. With its potency and selectivity, quizartinib 
has great potential for managing FLT3-mutated leukemia 
in various settings.

H&O  How does quizartinib compare with 
the other FLT3 inhibitors that are approved, 
specifically midostaurin and gilteritinib, and those 
that are in development, including sorafenib and 
crenolanib, for the treatment of AML?

JC  I have mentioned a few key elements. Quizartinib 
is perhaps the most selective of these inhibitors, inhib-
iting the fewest other kinases. It does inhibit c-KIT, for 
example, but it is still fairly selective.7 Quizartinib also 
differs in potency compared with other drugs, such as 
midostaurin.8 In clinical doses, the concentrations of 
quizartinib that are achieved in patients are very effective 
in almost completely eliminating the activated FLT3 
signal, whereas midostaurin, although effective, does not 
achieve the same depth of inhibition. It is worth noting 
that the 2 currently approved drugs, midostaurin and 
gilteritinib,9 are type 1 inhibitors, whereas quizartinib is 
a type 2 inhibitor. 

In practical terms, the type 1 inhibitors work against 
both the kinase domain mutation (D835 mutation) and 
the FLT3 ITD mutation, whereas type 2 inhibitors, like 
quizartinib, only work against the FLT3 ITD mutation. 
In various studies, about 20% of patients treated with 
quizartinib lose their response owing to the emergence of 
the D835 mutation as a mechanism of resistance.10

In cases where patients already have the D835 
mutation, quizartinib is not expected to work. Other 
drugs may work, but usually only when FLT3 ITD is still 
present alongside D835. Some other drugs in develop-
ment include sorafenib, which is also a type 2 inhibitor 
and has been used extensively, but it is not approved for 
FLT3-mutated AML. It is approved for other indications 

in cancer, such as renal cancer. However, it is not as selec-
tive as quizartinib.11 Crenolanib is earlier in its develop-
ment and is a type 1 inhibitor.12 There are no published 
single-agent data yet, making it difficult to assess, but it is 
likely not as potent as quizartinib.

One interesting finding with quizartinib is that 
it induced responses in about 30% of patients without 
FLT3 mutations. Its possible use in this setting deserves 
further investigation. 

H&O  Could you describe the phase 3 
QuANTUM-R study on quizartinib, including safety, 
adverse events, and toxicities?

JC  The QuANTUM-R study was conducted to evaluate 
the efficacy of single-agent quizartinib vs standard sal-
vage chemotherapy in patients with FLT3 ITD–mutated 
AML who had refractory or relapsed disease.13 Patients 
were randomly assigned to receive either quizartinib or 
physician’s choice among several standard chemotherapy 
regimens, which consisted of cytarabine alone; mitox-
antrone, etoposide, and cytarabine (MEC); or fludara-
bine, cytarabine, and idarubicin (FLAG-Ida). The study 
showed that quizartinib led to significant improvements 
in overall survival, event-free survival, and response 
rates compared with standard chemotherapy, and had 
a manageable safety profile in patients with rapidly pro-
liferative disease and very poor prognosis. These results 
were achieved with a single oral agent, which is remark-
able considering the aggressive nature of the disease and 
the fact that the control arm included standard, mostly 
intensive chemotherapy.

In terms of the adverse events, quizartinib was 
well-tolerated. One notable observation was that owing 
to the inhibition of c-KIT, there was sometimes a delayed 
recovery of the neutrophils and platelets after using 
quizartinib, but this was not very different than with 
standard chemotherapy. 

The most common nonhematologic grades 3 to 5 
treatment-emergent adverse events for quizartinib and 
chemotherapy were sepsis or septic shock (19% for 
quizartinib, 18% for chemotherapy), pneumonia (12% 
vs 9%, respectively), and hypokalemia (12% vs 9%, 
respectively).

One of the concerns with quizartinib is QTc prolon-
gation. This effect was observed in patients throughout 
the drug’s development, but fortunately, grade 3 QTc 
prolongation was rare, and serious complications such 
as torsades de pointes and other severe arrhythmias were 
not seen. This suggests that the drug was well-tolerated 
and more effective than standard chemotherapy in this 
setting, confirming what we had assumed from phase 2 
studies.
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The results supported the benefit of quizartinib in 
this patient population, and the study met its primary 
endpoint. However, there were some issues that were 
questioned by the regulatory authorities in terms of the 
design of the study and some definitions that prevented 
the drug from being approved.

H&O  Have any other studies investigated 
quizartinib, and are any of those trials open right 
now?

JC  Yes, there have been additional studies conducted, 
including the QuANTUM-First study, which is perhaps 
the most relevant one.14 It was a randomized study that 
included patients with newly diagnosed AML with a 
FLT3 ITD mutation. They were randomized to receive 
either standard chemotherapy alone or in combina-
tion with quizartinib. This study used a combination 
of quizartinib and chemotherapy because these were 
patients newly diagnosed with AML. The study showed a 
significant survival benefit for patients who received the 
combination compared with patients who received only 
chemotherapy.

The combination was continued through induc-
tion and consolidation, followed by continuation of 
therapy with quizartinib alone after the completion of 
consolidation. This is a very important study because it 
establishes the value of quizartinib in this context, as we 
want to include FLT3 inhibitors from the initial diagnosis 
in patients with FLT3 mutations. QUANTUM-First 
established quizartinib as a very good treatment option 
for patients with newly diagnosed FLT3-ITD–mutated 
AML. It follows the same concept as midostaurin, but 
with a drug that, in my opinion, might have additional 
benefits in terms of potency. 

There are other studies that are looking at quizarti-
nib in various combinations. The focus is on combina-
tions because in AML, it is hard to believe that a single 
agent, however potent and effective, can eradicate the 
leukemia. One interesting combination being studied 
is quizartinib with decitabine and the BCL2 inhibitor 
venetoclax.15 Other combinations include CPX-351, 
which is a liposomal formulation of cytarabine and anth-
racycline, and other types of chemotherapies.16 Although 
QuANTUM-First established the benefit of quizartinib 
compared with standard chemotherapy, more research is 
needed to optimize and improve responses and survival 
rates, and to find other indications for quizartinib.

The QuANTUM-First study is the pivotal study 
that received priority review from the US Food and Drug 
Administration (FDA).17 The study was discussed with the 
FDA, and the positive results suggested a benefit that now 
needs to be fully assessed for approval. Given quizartinib’s 

track record of efficacy in other settings, the positive 
results make it an attractive candidate for a rapid review. 
The FDA will need to review all the clinical trial data, 
including efficacy and safety, to ensure that it meets the 
criteria for approval. If it does, then it may be approved 
for regular use and would be a welcome addition to our 
armamentarium for treating patients with this high-risk 
subset of AML.

H&O  Where are we going next with quizartinib?

JC  I think the key here is to explore the potential of 
quizartinib in other settings. One approach is to investi-
gate other combinations, both in the frontline and salvage 
settings, such as combining it with other agents, and 
using it as maintenance after stem cell transplant. Another 
important area of research is to better understand the 
mechanisms of resistance, including the development of 
new mutations. Emergence of new mutations is an issue 
that applies to all FLT3 inhibitors; understanding it will 
help us identify the best way to us quizartinib in different 
clinical settings. Although adding quizartinib to che-
motherapy has already been shown to increase survival, 
there is still room for improvement. We need to find the 
best combination of therapies for each patient group to 
achieve the most optimal outcome. 

H&O  Is there anything else you would like to add?

JC  One important thing to note is that in the past, patients 
with FLT3-mutated disease had poor outcomes, even with 
a transplant—which is typically the preferred approach 
for these patients. In fact, patients with this mutation who 
underwent a transplant had worse outcomes compared with 
those without the mutation. However, with the introduction 
of FLT3 inhibitors and the development of newer, more 
selective, and more potent inhibitors, there has been signifi-
cant improvement in the treatment of FLT3-mutated AML. 
Although we may not have achieved the desired outcomes 
yet, this is a significant step forward for these patients.

Disclosures
Dr Cortes has received funding from Novartis, Pfizer, and 
AbbVie, and has done consulting for Novartis, Gilead, Rigel, 
and Pfizer.

References

1. Gilliland DG, Griffin JD. The roles of FLT3 in hematopoiesis and leukemia. 
Blood. 2002;100(5):1532-1542.
2. Zorn JA, Wang Q, Fujimura E, Barros T, Kuriyan J. Crystal structure of the 
FLT3 kinase domain bound to the inhibitor quizartinib (AC220). PLoS One. 
2015;10(4):e0121177.
3. Smith CC, Zhang C, Lin KC, et al. Characterizing and overriding the structural 
mechanism of the quizartinib-resistant FLT3 “gatekeeper” F691L mutation with 



Clinical Advances in Hematology & Oncology  Volume 21, Issue 5  May 2023    243

L
L

M

PLX3397. Cancer Discov. 2015;5(6):668-679.
4. Cortes JE, Kantarjian H, Foran JM, et al. Phase I study of quizartinib admin-
istered daily to patients with relapsed or refractory acute myeloid leukemia irre-
spective of FMS-like tyrosine kinase 3-internal tandem duplication status. J Clin 
Oncol. 2013;31(29):3681-3687.
5. Takahashi T, Usuki K, Matsue K, et al. Efficacy and safety of quizartinib in 
Japanese patients with FLT3-ITD positive relapsed or refractory acute myeloid 
leukemia in an open-label, phase 2 study. Int J Hematol. 2019;110(6):665-674.
6. Cortes J, Perl AE, Döhner H, et al. Quizartinib, an FLT3 inhibitor, as monother-
apy 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.
7. Galanis A, Levis M. Inhibition of c-Kit by tyrosine kinase inhibitors. Haemato-
logica. 2015;100(3):e77-e79.
8. Midostaurin [press release]. https://www.fda.gov/drugs/resources-information-ap-
proved-drugs/midostaurin. Updated April 28, 2017. Accessed March 30, 2023.
9. FDA approves gilteritinib for relapsed or refractory acute myeloid leukemia 
(AML) with a FLT3 mutation [press release]. https://www.fda.gov/drugs/fda-ap-
proves-gilteritinib-relapsed-or-refractory-acute-myeloid-leukemia-aml-flt3-mu-
tatation. Updated December 14, 2018. Accessed March 30, 2023.
10. Alvarado Y, Kantarjian HM, Luthra R, et al. Treatment with FLT3 inhib-
itor in patients with FLT3-mutated acute myeloid leukemia is associated with 
development of secondary FLT3-tyrosine kinase domain mutations. Cancer. 
2014;120(14):2142-2149.
11. Borthakur G, Kantarjian H, Ravandi F, et al. Phase I study of sorafenib in pa-

tients with refractory or relapsed acute leukemias. Haematologica. 2011;96(1):62-68.
12. Galanis A, Ma H, Rajkhowa T, et al. Crenolanib is a potent inhibitor of FLT3 
with activity against resistance-conferring point mutants. Blood. 2014;123(1):94-
100.
13. Cortes JE, Khaled S, Martinelli G, et al. Quizartinib versus salvage chemo-
therapy in relapsed or refractory FLT3-ITD acute myeloid leukaemia (QuAN-
TUM-R): a multicentre, randomised, controlled, open-label, phase 3 trial. Lancet 
Oncol. 2019;20(7):984-997.
14. ClinicalTrials.gov. Quizartinib with standard of care chemotherapy and as 
continuation therapy in patients with newly diagnosed FLT3-ITD (+) acute my-
eloid leukemia (AML) (QuANTUM-First). https://clinicaltrials.gov/ct2/show/
NCT02668653. Identifier: NCT02668653. Updated December 29, 2022. Ac-
cessed March 30, 2023.
15. Yilmaz M, Muftuoglu M, Kantarjian H, et al. Quizartinib with decitabine and 
venetoclax (triplet) is active in patients with FLT3-ITD mutated acute myeloid 
leukemia – a phase I/II study. [EHA abstract S127]. HemaSphere. 2022;6(suppl 3).
16. ClinicalTrials.gov. A study of CPX-351 (Vyxeos™) with quizartinib for the 
treatment of FLT3-ITD mutation-positive acute myeloid leukemia. https://clini-
caltrials.gov/ct2/show/NCT04209725. Identifier: NCT04209725. Updated June 
3, 2022. Accessed March 30, 2023.
17. Quizartinib granted priority review in the U.S. for patients with newly diag-
nosed FLT3-ITD positive acute myeloid leukemia [press release]. Daiichi Sankyo. 
https://www.daiichisankyo.com/files/news/pressrelease/pdf/202210/20221024_
E2.pdf. October 24, 2022. Accessed March 30, 2023.

(Continued from page 230)

Disclosures
Dr Noronha has received institutional research funding from 
AstraZeneca Pharma India Ltd, Glenmark, Nanobiotix SA, 
Novartis, and Roche Products (India) Pvt. Ltd. (all research 
grants have been paid to the institution); and is the editor-in-
chief of Cancer Research Statistics and Treatment.

Suggested Readings

Butle A, Joshi A, Noronha V, Prabhash K, Dutt A. Weekly osimertinib dosing 
prevents EGFR mutant tumor cells destined to home mouse lungs. Transl Oncol. 
2021;14(8):101111.

Chan ATC, Lee VHF, Hong R-L, et al. Pembrolizumab monotherapy versus 
chemotherapy in platinum-pretreated, recurrent or metastatic nasopharyngeal 
cancer (KEYNOTE-122): an open-label, randomized, phase III trial. Ann Oncol. 
2023;34(3):251-261.

Clinical Trials Registry – India. A study to show that low dose immunotherapy is 
equally effective as chemotherapy in patients with advanced stage cancer. https://
ctri.nic.in/Clinicaltrials/pdf_generate.php?trialid=40950. Updated August 25, 
2020. Accessed April 18, 2023.

FDA approves neoadjuvant nivolumab and platinum-doublet chemotherapy 
for early-stage non-small cell lung cancer. https://www.fda.gov/drugs/resourc-
es-information-approved-drugs/fda-approves-neoadjuvant-nivolumab-and-plati-
num-doublet-chemotherapy-early-stage-non-small-cell-lung. Updated March 4, 
2022. Accessed April 14, 2023.

FDA approves Opdivo in combination with chemotherapy and Opdivo in 
combination with Yervoy for first-line esophageal squamous cell carcinoma in-
dications. https://www.fda.gov/drugs/resources-information-approved-drugs/

fda-approves-opdivo-combination-chemotherapy-and-opdivo-combination-yer-
voy-first-line-esophageal. Updated May 31, 2022. Accessed April 14, 2023.

FDA D.I.S.C.O Burst Edition: FDA approvals of Opdivo (nivolumab) for ear-
ly-stage non-small cell lung cancer and Lynparza (olaparib) for the adjuvant 
treatment of high-risk early breast cancer. https://www.fda.gov/drugs/resourc-
es-information-approved-drugs/fda-disco-burst-edition-fda-approvals-opdivo-
nivolumab-early-stage-non-small-cell-lung-cancer-and. Updated April 6, 2022. 
Accessed April 14, 2023.

Lim SM, Kim S-W, Cho BC, et al. Real-world experience of nivolumab in non-
small cell lung cancer in Korea. Cancer Res Treat. 2020;52(4):1112-1119.

Noronha V, Abraham G, Patil V, et al. A real-world data of immune checkpoint 
inhibitors in solid tumors from India. Cancer Med. 2021;10(5):1525-1534. 

Patil V, Abraham G, Ravikrishna M, et al. Retrospective analysis: checkpoint in-
hibitor accessibility for thoracic and head and neck cancers and factors influencing 
it in a tertiary centre in India. Ecancermedicalscience. 2022;16:1464.

Patil VM, Noronha V, Menon N, et al. Low-dose immunotherapy in head and 
neck cancer: a randomized study. J Clin Oncol. 2023;41(2)222-232.

Patil VM, Noronha V, Menon NS, et al. Phase 3 randomised study evaluating 
the addition of low-dose nivolumab to palliative chemotherapy in head and neck 
cancer [ASCO abstract LBA6016] J Clin Oncol. 2022;40(17)(suppl). 

Ramalingam SS, Vansteenkiste J, Planchard D, et al; FLAURA Investigators. 
Overall survival with osimertinib in untreated, EGFR-mutated advanced NSCLC. 
N Engl J Med. 2020;382(1):41-50.

Rauthan A, Patil P, Somashekhar SP, et al. Real world experience with nivolumab 
in Indian patients with metastatic renal cell carcinoma: a single centre experience 
[ASCO abstract e16546]. J Clin Oncol. 2018;36(15)(suppl).

Yoo SH, Keam B, Kim M, et al. Low-dose nivolumab can be effective in non-
small cell lung cancer: alternative option for financial toxicity. ESMO Open. 
2018;3(5):e000332. 


