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Pediatric acute myeloid leukemia (AML) is a rare and profoundly heterogeneous disease at the molecular
and clinical levels, with an incidence of �700 to 1000 cases per year.1,2 Although in recent clinical trials,
the 5-year event-free survival rates for childhood AML have ranged between 49% and 64%,3,4 bone mar-
row relapse still occurs in up to one-third of cases, and the long-term outcomes of these patients con-
tinue to be dismal.4 Newer therapies are desperately needed.

Mutations in the FMS-like tyrosine kinase-3 receptor gene (FLT3) occur in �20% of children and are
associated with poor prognosis.5,6 FLT3 mutations with internal tandem duplications (ITDs) in the juxta-
membrane and point mutations in the tyrosine kinase domain activation loop drive proliferation by phos-
phorylation of downstream targets, including STAT5, SHIP, and SHP-2, and signaling through critical
oncogenic pathways such as Ras/Raf/MAPK and phosphatidylinositol 3-kinase/Akt/mammalian target of
rapamycin.7 Competitive inhibition of ATP-binding sites in the FLT3 receptor kinase domain with small-
molecule FLT3 inhibitors represents a significant paradigm shift in AML.8-13

However, to date, FLT3 inhibition as a treatment strategy in pediatric AML has been hampered by limited
potency and significant toxicity, mainly because of off-target effects. This is the case with FLT3 inhibitors
that could be used for pediatric patients, such as sorafenib and midostaurin.14,15 Sorafenib, although
deemed effective and more tolerable than expected in pediatric patients, has been associated with signif-
icant toxicities.14 Midostaurin, currently under more extensive evaluation, has shown limited clinical activity
based on preliminary data.15 Gilteritinib, a highly potent and selective oral FLT3 inhibitor, has shown
promising results in adults with relapsed/refractory (R/R) FLT3-mutated AML and frontline in combination
with induction therapy.9,16 This has led to the incorporation of this agent in the new Children’s Oncology
Group frontline AAML1831 trial (registered at www.clinicaltrials.gov as #NCT04293562).

Given the lack of data on this approach in children, institutional review board approval was obtained to
conduct a retrospective medical record review of patients who had received at least 1 dose of gilteritinib
at The University of Texas MD Anderson Cancer Center and Texas Children’s Hospital to describe the
efficacy, adverse events (AEs), and toxicities of gilteritinib. The study was conducted in accordance wit
the Declaration of Helsinki. Patient characteristics and treatment outcomes are summarized in Table 1.
The date for data cutoff was 28 September 2020. Patients considered for the study were #21 years of
age. Response criteria were established according to the revised recommendations of the International
Working Group Response Criteria in Acute Leukemia.17 Minimal residual disease was measured institu-
tionally by multiparameter flow cytometry with a sensitivity of 0.01% to 0.1%. FLT3 detection was
assessed using polymerase chain reaction–based DNA analysis to detect ITDs and codon 835/836
point mutations in FLT3. The lower limit of detection (analytical sensitivity) of this assay is �1% of mutant
DNA in a background of wild-type DNA. Gilteritinib toxicities were graded per the Common Terminology
Criteria for Adverse Events (version 5.0)18 based on clinical documentation. Eight pediatric patients with
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FLT3-mutated AML were included, with ages ranging from 6 to 21
(median, 19) years. None of the patients received upfront gilteritinib,
but 1 patient received it as consolidation therapy, achieved com-
plete response, and remains in remission. The other 7 patients
received it after their disease proved refractive to at least 1 line of
treatment, including a median of 2 (range, 2-9) prior salvage treat-
ments and a median of 1 (range, 1-2) prior FLT3 inhibitors. All 7
patients received gilteritinib-based combinations (Table 1). Seven
patients had FLT3-ITD (median allelic frequency, 0.27; range, 0.02-
0.67), and 1 had a noncanonical mutation, including the tyrosine
kinase domain mutation p.N676K.

For the older pediatric patients (age .17 years), flat dosing was
used, starting at 120 mg and then reducing to 80 mg for mainte-
nance as needed for myelosuppression or toxicity. Weight-based
dosing was 2 mg/kg for the 6-year-old patient and 1.73 mg/kg for
the 14-year-old patient given the available tablet size of 80 mg.

All 8 patients developed grade 3 febrile neutropenia, grade 3 ane-
mia, and grade 4 thrombocytopenia. The median time to onset was
15 days (range, 2 days to 1 month). One patient had grade 4 acido-
sis and intracranial hemorrhage at the end of life. One patient with
leptomeningeal disease had grade 3 seizures. He was found to
have increased opening pressure on lumbar puncture, and although
there was concern for posterior reversible encephalopathy syn-
drome given its association with gilteritinib, his clinical team attrib-
uted this AE to leptomeningeal disease. Grade 3 or 4 AEs
considered at least possibly related to gilteritinib included febrile
neutropenia and thrombocytopenia in all patients. Other reported
grade 1 to 2 AEs included creatine elevation (n 5 2), constipation,
abdominal pain, dysuria, bacteremia (n 5 3), acidosis, hypertension,
colitis, nausea, hypomagnesemia (n 5 2), peripheral neuropathy
(n 5 2), paresthesia (n 5 2), rhabdomyolysis, lung infection
(n 5 2), thromboembolic event, alanine aminotransferase increase
(n 5 3), headache, and tooth discoloration. Of these, creatine eleva-
tion, abdominal pain, constipation, bacteremia, nausea, peripheral
neuropathy, paresthesias, rhabdomyolysis, lung infection, alanine
aminotransferase increase, headache, and tooth discoloration were
considered possibly related gilteritinib. Notable grade 1 to 2 AEs
occurring after stem cell transplantation included paresthesia and
creatine kinase elevation. Both cases resolved with dose reduction.
There was no reported association with or worsening of graft-ver-
sus-host disease. No sudden death, arrhythmia, or persistent seiz-
ures were recorded.

Among the 8 patients treated with gilteritinib, 5 (63%) had a CR,
and 4 of these had refractory disease to prior therapies. Of the 7
patients with R/R disease, 4 (57%) had a CR after initiation of gilter-
itinib. Four patients underwent allotransplantation directly after com-
bination treatment with gilteritinib; all are in CR, and all are
continuing to use gilteritinib (at 40, 80, or 120 mg once daily) as
stem cell transplantation maintenance. The maintenance dosing
varies based on tolerability.

With a median follow-up of 9 (range, 2-18) months from the start of
gilteritinib, as depicted in the Kaplan-Meier curve in Figure 1,
6-month overall survival (OS) was 87.5% and 1-year OS was 70%.
Among responders (n 5 5), the median number of gilteritinib cycles
to best response was 1 (range, 1-2). None of the 5 responders
subsequently relapsed. It is worth noting, however, that 3 of the
responders had NPM1 mutations with a low FLT3-ITD allelic ratio,
which has been found to be a favorable mutation in some
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patients.19,20 Six patients (including 5 with R/R disease and 1
receiving consolidation with gilteritinib) remain alive.

This case series, the largest to date in pediatrics using gilteritinib in
AML, involves 2 of the largest pediatric cancer institutes in the
United States. This review, although limited in patient number and
length of follow-up, illustrates a 62% remission rate (5 of 8), with
6 of 8 patients alive at a median follow-up of 9 months. It is impor-
tant to note the responders are all continuing to receive gilteritinib.
Historically, FLT3 mutations confer an OS of 50% to 60%.5 We
acknowledge the limitation of this retrospective review, but despite
the small sample size and limited follow-up, the survival in pediatric
patients receiving gilteritinib is encouraging.

This case series demonstrates that gilteritinib is safe to consider for
use in pediatric and young adult patients with FLT3-mutated AML.
Pediatric studies (registered at www.clinicaltrials.gov as
#NCT03730012, along with Children’s Oncology Group
AAML1831) are underway to evaluate the use of gilteritinib in
patients with relapsed disease and as upfront therapy.

Authorship

Contribution: All authors contributed significantly to the body of
work; D.M. and B.C. designed research, performed research, con-
tributed vital analytical tools, analyzed data, and wrote the paper;
L.T. and J.S.Y. performed research, contributed vital analytical tools,
and analyzed data; M.R., K.M.M., C.N., N.J.S., N.D., T.M.K., and C.D.
contributed vital analytical tools and analyzed data.

Conflict-of-interest disclosure: The authors declare no com-
peting financial interests.

ORCID profiles: D.M., 0000-0003-2297-9670; M.R., 0000-
0002-6411-8353; N.D., 0000-0001-7103-373X; C.D., 0000-0001-
9003-0390.

Correspondence: David McCall, Department of Pediatrics,
Unit 87, The University of Texas MD Anderson Cancer Center,
1515 Holcombe Blvd, Houston, TX 77030; e-mail: dmccall1@
mdanderson.org.

References

1. Puumala SE, Ross JA, Aplenc R, Spector LG. Epidemiology of childhood
acute myeloid leukemia. Pediatr Blood Cancer. 2013;60(5):728-733.

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021
[published correction appears in CA Cancer J Clin.
2021;71(4):359]. CA Cancer J Clin. 2021;71(1):7-33.

3. Pui CH, Carroll WL, Meshinchi S, Arceci RJ. Biology, risk
stratification, and therapy of pediatric acute leukemias: an update.
J Clin Oncol. 2011;29(5):551-565.

4. Kaspers GJ, Zimmermann M, Reinhardt D, et al. Improved outcome
in pediatric relapsed acute myeloid leukemia: results of a
randomized trial on liposomal daunorubicin by the International BFM
Study Group. J Clin Oncol. 2013;31(5):599-607.

5. Meshinchi S, Alonzo TA, Stirewalt DL, et al. Clinical implications
of FLT3 mutations in pediatric AML. Blood. 2006;108(12):3654-
3661.

6. Bolouri H, Farrar JE, Triche T Jr, et al. The molecular landscape
of pediatric acute myeloid leukemia reveals recurrent
structural alterations and age-specific mutational interactions
[published corrections appear in Nat Med. 2018;24(4):526
and Nat Med. 2019;25(3):530]. Nat Med. 2018;24(1):
103-112.

7. Stirewalt DL, Radich JP. The role of FLT3 in haematopoietic
malignancies. Nat Rev Cancer. 2003;3(9):650-665.

8. Daver N, Schlenk RF, Russell NH, Levis MJ. Targeting FLT3
mutations in AML: review of current knowledge and evidence.
Leukemia. 2019;33(2):299-312.

9. Perl AE, Martinelli G, Cortes JE, et al. Gilteritinib or chemotherapy
for relapsed or refractory FLT3-mutated AML. N Engl J Med. 2019;
381(18):1728-1740.

10. 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.

11. 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.

12. Inaba H, Rubnitz JE, Coustan-Smith E, et al. Phase I
pharmacokinetic and pharmacodynamic study of the multikinase
inhibitor sorafenib in combination with clofarabine and cytarabine in
pediatric relapsed/refractory leukemia. J Clin Oncol. 2011;29(24):
3293-3300.

13. Pollard JA, Alonzo TA, Brown PA, et al. Sorafenib in combination
with standard chemotherapy for children with high allelic ratio FLT3/
ITD1 AML improves event-free survival and reduces relapse risk: a
report from the Children’s Oncology Group Protocol AAML1031
[abstract]. Blood. 2019;134(suppl 1):292.

14. Tarlock K, Chang B, Cooper T, et al. Sorafenib treatment following
hematopoietic stem cell transplant in pediatric FLT3/ITD acute
myeloid leukemia. Pediatr Blood Cancer. 2015;62(6):
1048-1054.

15. Zwaan CM, S€oderh€all S, Brethon B, et al. A phase 1/2, open-label,
dose-escalation study of midostaurin in children with relapsed or
refractory acute leukaemia. Br J Haematol. 2019;185(3):623-627.

16. Pratz K, Cherry M, Altman J, et al. A phase 1 study of gilteritinib in
combination with induction and consolidation chemotherapy in
patients with newly diagnosed AML: final results. Blood. 2020;136
(suppl 1):16–17.

17. Cheson BD, Bennett JM, Kopecky KJ, et al; International Working
Group for Diagnosis, Standardization of Response Criteria,
Treatment Outcomes, and Reporting Standards for Therapeutic
Trials in Acute Myeloid Leukemia. Revised recommendations of the
International Working Group for Diagnosis, Standardization of
Response Criteria, Treatment Outcomes, and Reporting Standards
for Therapeutic Trials in Acute Myeloid Leukemia [published
correction appears in J Clin Oncol. 2004;22(3):576]. J Clin Oncol.
2003;21(24):4642-4649.

18. US Department of Health and Human Services. Common Terminology
Criteria for Adverse Events (CTCAE) Version 5.0. https://ctep.cancer.
gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_
Quick_Reference_5x7.pdf. Accessed 16 April 2018.

0
0 3 6 9

Months from start of gilteritinib

Es
tim

at
ed

 su
rvi

va
l (

%
)

12 15 18

25

50

75

100

Figure 1. Survival from start of gilteritinib.

5218 RESEARCH LETTER 14 DECEMBER 2021 • VOLUME 5, NUMBER 23

http://www.clinicaltrials.gov
https://orcid.org/0000-0003-2297-9670
https://orcid.org/0000-0002-6411-8353
https://orcid.org/0000-0002-6411-8353
https://orcid.org/0000-0001-7103-373X
https://orcid.org/0000-0001-9003-0390
https://orcid.org/0000-0001-9003-0390
mailto:dmccall1@mdanderson.org
mailto:dmccall1@mdanderson.org
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf


19. Juliusson G, J€adersten M, Deneberg S, et al. The prognostic
impact of FLT3-ITD and NPM1 mutation in adult AML is age-
dependent in the population-based setting. Blood Adv. 2020;
4(6):1094-1101.

20. Falini B, Sciabolacci S, Falini L, Brunetti L, Martelli MP.
Diagnostic and therapeutic pitfalls in NPM1-mutated AML: notes
from the field [published online ahead of print 20 April 2021].
Leukemia.

14 DECEMBER 2021 • VOLUME 5, NUMBER 23 RESEARCH LETTER 5219


	TF1

