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Disease course of FLT3 mutated extramedullary acute

myeloid leukemia and efficacy of gilteritinib

Extramedullary involvement by acute myeloid leukemia
(AML) refers to the proliferation of neoplastic blasts outside
the bone marrow and can occur in any organ or tissue. It
can present either concurrently with AML or in an isolated
form, which is, however, almost invariably followed by de-
velopment of disease in the bone marrow. At the time of
AML diagnosis, extramedullary AML (eAML) has a reported
incidence ranging from 0.2% to 2.8%, which increases up
to 25% in cases relapsed after allogeneic hematopoietic
stem cell transplantation (allo-HSCT).! A higher risk of de-
veloping eAML has been reported in association with the
expression of specific surface antigens (CD11b and CD56),
cytogenetic abnormalities such as t(8;21), inv(16) and triso-
my 8, and different mutations (NPM1, FLT3-1TD, PTPTN17).2
The prognostic impact of eAML remains controversial, and
even more limited evidence exists regarding the disease
course of eAML in the context of specific mutations.' This
is particularly relevant for those with targetable mutations
such as FLT3-internal tandem duplications (ITD)/tyrosine
kinase domains (TKD), since clinical trials investigating the
FLT3 inhibitor gilteritinib did not report the outcomes of
patients with eAML and excluded those with central nervous
system (CNS) disease.®>* While evidence regarding the ac-
tivity of targeted agents in eAML is starting to appear, most
previous studies were conducted before the emergence of
these therapies.”® In this study, we set out to investigate
the disease course and treatment patterns of patients
with eAML and FLT3 mutations, with a particular focus on
outcomes after treatment with gilteritinib.

We conducted a multicenter, retrospective study across
ten referral hematology centers in Italy. Institutions were
chosen based on their willingness to participate and avail-
ability of data. Each institutional record was screened by
the local investigators for patients with eAML diagnosed
from January 2010 until May 2024 and cross-referenced
with mutational data. Eligible patients had a diagnosis of
AML with FLT3 mutations detected in bone marrow or pe-
ripheral blood and histologically confirmed synchronous
eAML presenting either at diagnosis or at disease relapse.
In the case of isolated eAML the presence of FLT3 muta-
tions had to be confirmed on eAML tissue. Response was
assessed by positron emission tomography (PET)/computed
tomography (CT) or PET/magnetic resonance imaging (MRI)
according to each institute’s protocol, and by full clinical
examination in the case of skin eAML. CNS involvement
required the presence of AML blasts in the cerebrospinal
fluid by cytological examination or flow-cytometry. CNS
sterilization required both flow-cytometry negativity and
disappearance of any contrast-enhancing lesions by MRI.

Data regarding clinical and biological variables were obtained
from each institution after review of the medical records.
Overall survival (OS) was calculated from the time of eAML
presentation until death or last follow-up date (censored).
All patients provided written informed consent. The study
was conducted in accordance with the Declaration of Hel-
sinki and approved by the local ethics committee (1430/A3).

Table 1. The clinical and biological characteristics of the whole
population at the time of first occurrence of extramedullary
acute myeloid leukemia.

Characteristics Values
Total patients, N (%) 27 (100)
Disease status, N (%)
Newly diagnosed 14 (52)
Relapsed/refractory 13 (48)
Sex, N (%)

Female 11 (41)
Male 16 (59)
Age, years, median (range) 61 (30-81)

2022 ELN risk category,” N (%)

Favorable 5(19)

Intermediate 20 (74)

Adverse 2(7)
Karyotype, N (%)

Normal 20 (74)

Complex 2 (7)

Other 5(19)
FLT3 mutations, N (%)

Internal tandem duplication 21 (78)

Tyrosine kinase domain 6 (22)
NPM1 status, N (%)

Mutated 19 (70)

Wild-type 8 (30)
IDH status, N (%)

IDH1 3 (11)

IDH2 2(7)

Wild-type 12 (45)

Not done 10 (37)
WBC, x10°%L, median (range) 15.1 (0.8-285)
Neutrophils, x10%/L, median (range) 5.3 (0.4-48)
Hemoglobin, g/L, median (range) 87 (64-119)
Platelet count, x10%L, median (range) 47 (11-196)
Bone marrow blasts, %, median (range) 56.5 (0-93)
Peripheral blood blasts, %, median (range) 30 (0-98)

*As evaluated at the time of the diagnosis of acute myeloid leukemia.
ELN: European LeukemiaNet; WBC: white blood cells.
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A total of 27 patients were included in the study. The me-
dian age was 61 years (range, 30-81 years). Sixteen (59%)
patients were female. At diagnosis, five (19%) were classified
as favorable-risk, 20 (74%) as intermediate-risk and two
(7%) as adverse-risk according to the European Leukemia-
Net 2022 risk classification. Fourteen (52%) patients pre-
sented with eAML at diagnosis while 13 (48%) at the time
of disease relapse. Among the latter, all patients received a
single line of therapy before eAML occurrence and only one
(8%) had a previous allo-HSCT. Twenty-six patients (96.3%)
had synchronous eAML and one (3.7%) had isolated eAML.
Cytogenetic and molecular analyses were performed on
bone marrow/peripheral blood blasts in all 26 cases with
synchronous eAML. FTL3 testing was performed also on
eAML tissue from four patients (3 in blasts from cerebro-
spinal fluid; 1 skin biopsy) detecting the same mutation
identified in the bone marrow, and in the one patient with
isolated eAML in the mammary gland. The most common
FLT3 mutation was FLT3-ITD (N=21, 78%) versus FLT3-TKD
(N=6, 22%). Nineteen (70%) patients harbored concomitant
NPM1 mutations (Table 1).

Most patients had a single eAML localization (N=23, 89%)
while four (11%) had multiple localizations. The most com-
mon sites of initial eAML presentation were the skin in 15
(56%) patients and the CNS in eight (30%), followed by
soft tissues in three (11%), and the mammary gland, ovary,
rectum, stomach, lymph nodes and spleen in one each (4%
for each) (Figure 1). Of the four patients with multiple sites
affected by eAML, two had disease in the skin and CNS,
one in the skin and soft tissues, and another one in skin,
lymph nodes and spleen.

eAML at the first occurrence was treated with intensive
chemotherapy in 14 (56%) patients of whom five (19%)
also received midostaurin, with gilteritinib in ten (37%)
patients, and with triple intrathecal therapy alone, upfront
allo-HSCT and venetoclax-decitabine each in one (4%) pa-
tient. The overall response rate was 81.5%, with 18 (66.7%)
complete remissions and four (14.8%) partial responses.
Of the five patients not responding to initial treatment,
two received no further treatment, two were treated with
salvage intensive chemotherapy and one with gilteritinib.
Twelve (59%) of the 22 responding patients eventually
relapsed, five with disease recurrence only in bone mar-
row and seven with recurrence in both bone marrow and
eAML. Among the latter seven, five (71.4%) relapsed in the
same site originally affected by eAML, one relapsed with
CNS disease after previous skin eAML, and the last one
with previous skin and CNS disease relapsed only with
skin eAML. These patients received further therapy with
intensive chemotherapy (N=4, 33%), gilteritinib (N=5, 42%)
or venetoclax-azacitidine (N=2, 17%), while one (8%) died
without receiving further treatment. Upon further relapse
or disease refractoriness, two more patients received
gilteritinib and one intensive chemotherapy. The overall
response rate for the 14 patients receiving salvage thera-

py was 64.3% (9 complete remissions, 4 stable disease, 1
not evaluable). eAML treatments are summarized in Online
Supplementary Table S7 and treatment trajectories for all
patients are represented in Figure 2. At the time of eAML
diagnosis 23 of the 27 (85.2%) patients were considered
eligible for allo-HSCT, with nine of the 23 (39%) undergoing
allo-HSCT.

The median OS was 11.1 months (95% confidence interval
[95% CI]: 10.3 — not reached [NR]) in the whole cohort (Online
Supplementary Figure S7), 111 months (95% CI: 10.4 — NR)
in patients with the first presentation of eAML at diagnosis
and 10.7 months (95% Cl: 414 - NR) in those with first eAML
presentation at relapse. There was no significant differ-
ence in survival between newly diagnosed and relapsed or
refractory patients (P=0.5). Skin localization of eAML was
associated with longer OS (hazard ratio [HR]=0.27; 95% CI:
0.08-0.95; P=0.03), and the same was true for undergo-
ing allo-HSCT (HR= 0.10; 95% CI: 0.01-0.78; P=0.004). CNS

LYMPH NODES
1(4%)

CNS
8 (30%)

2 (29%)
SKIN
15 (56%) MAMMARY GLAND
3 (43%) 1(4%)
SPLEEN
1(4%)
LOWER Gl
1(4%)
1 (14%)
UPPER Gl
1(4%)
SOFT TISSUES OVARY

1 (4%)
1(14%)

3 (11%)

Figure 1. Prevalence of sites affected by extramedullary acute
myeloid leukemia at first occurrence and at relapse. The prev-
alence of sites affected by extramedullary acute myeloid leu-
kemia at first occurrence is represented in black while the
prevalence at relapse is shown in red. Percentages are calcu-
lated out of the total number of patients at first diagnosis (N=27;
including 4 patients with multiple localizations) and at extra-
medullary relapse (N=7). Created in BioRender. Angotzi, F. (2026)
https:/BioRender.com/kmgknbx CNS: central nervous system;
Gl: gastrointestinal system.
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involvement at diagnosis was associated with a trend to-
wards shorter OS (HR=3.3; 95% CI: 0.98-10.9; P=0.05). The
presence of NPM1 mutations (HR=1.10; P=0.9), type of FLT3
mutations (ITD vs. TKD; HR=0.66; P=0.5), or age (HR=1.04;
P=0.1) had no impact on OS.

In total, 19 (70.4%) patients received gilteritinib for the
treatment of eAML in the context of relapsed or refractory
disease, achieving an overall response rate of 63% (11 com-
plete remissions, 1 partial response and 4 no responses).
Moreover, out of 11 patients with CNS involvement, seven
(64%) were treated with gilteritinib + triple intrathecal
therapy, with six (85.7%). achieving a complete remission.
The median OS from the start of therapy with gilteritinib
was 9.6 months (95% CI: 9.0 - NR). Before the start of gil-
teritinib treatment, 12/19 patients (63%) were considered
eligible for allo-HSCT, with four of these 12 (33%) being
successfully bridged to allo-HSCT and two also receiving
post-allo-HSCT maintenance.

Major limitations of this study include the small sample
size, retrospective nature, and the heterogeneity of admin-
istered treatments. Furthermore, the efficacy of gilteritinib
on CNS disease should be interpreted with caution given
the inability to separate its effect from triple intrathecal
therapy. Given the small cohort, particular caution should
also be exercised in interpreting the prevalence of eAML
localization in different organs and the better outcomes
observed with skin localization.

Despite these limitations, the observed high rate of CNS
localization is in keeping with evidence suggesting that
AML with FLT3 mutations has a predisposition for disease
dissemination in the CNS, accounting for 29% of AML with

CNS involvement.® The purported mechanisms driving CNS
dissemination by AML are still unknown, but may be re-
lated to FLT3 fostering cell survival and proliferation in
both hematopoietic and neural tissues.®” Also, previous
case reports demonstrated high gilteritinib penetration in
the cerebrospinal fluid, possibly pointing towards a role in
eradication of CNS disease.?™

Patients developing eAML at diagnosis in our cohort had a
similar OS to those developing eAML at relapse which may
indicate reduced survival in the former. However, this find-
ing is likely affected by the small sample size and previous
studies have not demonstrated consistent inferior survival
in patients with eAML at diagnosis.”

Nonetheless, and still considering the aforementioned
limitations, a relevant finding of this study is the favorable
activity of gilteritinib in FLT3-mutated eAML, including in
patients with CNS involvement when coupled with triple in-
trathecal therapy. The response rates and survival outcomes
observed in our cohort after treatment with gilteritinib were
comparable with those reported from both real-life studies
and the prospective trials ADMIRAL and COMMODORE,*™
and are in keeping with evidence demonstrating extensive
tissue distribution of gilteritinib."*"

Authors

Francesco Angotzi,' Erika Borlenghi,? Chiara Sartor,®* Maria Benedetta
Giannini,* Giovanni Marconi,*®* Edoardo Tamellini,® Mauro Turrini,’
Federica Loscocco,® Ernesta Audisio,® Vincenzo Federico,° Calogero
Vetro," Francesco Grimaldi,? Andrea Visentin,' Felicetto Ferrara,”?

Haematologica | 111 October 2026
3513



LETTER TO THE EDITOR

Livio Trentin,! Carmela Gurrieri' and Federica Lessi’

"Hematology Unit, Department of Medicine, University of Padova,
Padova; ?2Department of Hematology, ASST Spedali Civili, Brescia;
3Istituto di Ematologia “Seragnoli”, IRCCS Azienda Ospedaliero-
Universitaria di Bologna, Bologna; *Hematology Unit, IRCCS Istituto
Romagnolo per lo Studio dei Tumori “Dino Amadori”, Meldola;
*Hematology Unit, Department of Medical and Surgical Sciences,
University of Bologna, Ospedale S. Maria delle Croci, Ravenna;
fHematology Unit, Department of Engineering and Innovation
Medicine, University of Verona, Verona; "Hematology Unit, Division of
Hematology, Valduce Hospital, Como; ®Hematology and Stem Cell
Transplant Center, AST 1, Pesaro; °Department of Oncology, Division
of Hematology, AOU City of Health and Science of Turin, Turin;
®Hematology and Stem Cell Transplant Unit, Presidio Ospedaliero
“Vito Fazzi”, Lecce; "Hematology and BMT Unit, Azienda Ospedaliero
Universitaria Policlinico “G. Rodolico-San Marco”, Catania;
2University of Naples Federico Il, Naples and ®Division of
Hematology, AORN Cardarelli, Naples, Italy

Correspondence:
F. ANGOTZI - francesco.angotzi@unipd.it

https://doi.org/10.3324/haematol.2026.300540
Received: January 14, 2026.
Accepted: March 24, 2026.

Early view: April 9, 2026.

©2026 Ferrata Storti Foundation
Published under a CC BY-NC license

Disclosures
CV has received honoraria from and attended advisory boards for

References

AbbVie Inc, Astellas Pharma, Jazz Pharmaceuticals and BMS. GM
has received research funds from AbbVie, Astellas, AstraZeneca,
Daiichi Sankyo, Pfizer and Syros and was a consultant or was
included in speakers’ bureau for AbbVie, Astellas, AstraZeneca,
Enable lifescience, FlowView Diagnostics, Immunogen, Janssen,
Jazz, Menarini/Stemline, Pfizer, Ryvu, Servier, Syros, Takeda and
Uknequas. FA, EB, CS, MBG, ET, MT, FL, EA, VF, FG, AV, FF, CG and
FL have no conflicts of interest to disclose related to this

study.

Contributions

FA wrote the manuscript, performed statistical analyses, created
figures and tables and collected data. EB, CS, MBG, GM, ET, MT,
FL, EA, VF, CV and FG collected data, reviewed the manuscript
and provided intellectual output. AV, FF, LT and CG revised the
manuscript and provided intellectual output. FL conceptualized
the study, reviewed the manuscript and provided intellectual

output.

Acknowledgments

The authors wish to thank all the nurses, archivists and other
colleagues involved in the overall care of patients at the
Hematology Unit of Padua University Hospital.

Funding

This study was supported by the Associazione Italiana per la
Ricerca sul Cancro (A.I.R.C.) IG-25024 to LT, Progetti di Rilevanza
Nazionale PRIN PNRR (P2022PSMX4) to AV and Ricerca per Credere
nella Vita (RCV) ODV, Padua, Italy.

Data-sharing statement
The data generated and presented in this manuscript are available

upon reasonable request from the corresponding author.

1. Shallis RM, Gale RP, Lazarus HM, et al. Myeloid sarcoma,
chloroma, or extramedullary acute myeloid leukemia tumor: a
tale of misnomers, controversy and the unresolved. Blood Rev.
2021;47:100773.

2. Eckardt JN, Stolzel F, Kunadt D, et al. Molecular profiling and
clinical implications of patients with acute myeloid leukemia
and extramedullary manifestations. J Hematol Oncol.
2022;15(1):60.

3. 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.

4. Wang J, Jiang B, Li J, et al. Phase 3 study of gilteritinib versus
salvage chemotherapy in predominantly Asian patients with
relapsed/refractory FLT3-mutated acute myeloid leukemia.
Leukemia. 2024;38(11):2410-2418.

5. Kayser S, Sanber K, Marconi G, et al. Outcome of adult acute
myeloid leukemia patients with extramedullary disease and
treatment with venetoclax/hypomethylating agents.
Haematologica. 2025;110(2):378-384.

6. Jabbour E, Daver NG, Short NJ, et al. Factors associated with
risk of central nervous system relapse in patients with non-
core binding factor acute myeloid leukemia. Am J Hematol.
2017;92(9):924-928.

7. Brazel CY, Ducceschi MH, Pytowski B, Levison SW. The FLT3
tyrosine kinase receptor inhibits neural stem/progenitor cell
proliferation and collaborates with NGF to promote neuronal
survival. Mol Cell Neurosci. 2001;18(4):381-393.

8. Perrone S, Ortu La Barbera E, Viola F, et al. A relapsing
meningeal acute myeloid leukaemia FLT3-ITD+ responding to
gilteritinib. Chemotherapy. 2021;66(4):134-138.

9. Koyama G, Kawaguchi T, Sato T, Hamada C, Hara S. Acute
myeloid leukemia with central nervous system involvement
successfully treated with gilteritinib. Rinsho Ketsueki.
2024;65(4):231-236.

10. Kouidri K, Acker F, Toenges R, et al. Central nervous system
relapse after allogeneic HCT in FLT3-mutated AML. Ann
Hematol. 2024;103(12):5387-5393.

11. Vignal N, Kelly L, Lengline E, et al. Favorable pharmacokinetic

Haematologica | 111 October 2026
3514



LETTER TO THE EDITOR

12.

13.

and pharmacodynamic properties of gilteritinib in cerebrospinal
fluid: a potential effective treatment in relapsing meningeal
acute myeloid leukemia FLT3-ITD patients. Haematologica.
2023;108(9):2531-2534.

Ganzel C, Manola J, Douer D, et al. Extramedullary disease in
adult acute myeloid leukemia is common but lacks
independent significance: analysis of patients in ECOG-ACRIN
Cancer Research Group trials, 1980-2008. J Clin Oncol.
2016;34(29):3544-3553.

Othman J, Hwang A, Brodermann M, et al. Outcomes with

14.

15.

single-agent gilteritinib for relapsed or refractory FLT3-mutant
AML after contemporary induction therapy. Blood Adv.
2024:8(21):5590-5597.

James AJ, Smith CC, Litzow M, et al. Pharmacokinetic profile of
gilteritinib: a novel FLT-3 tyrosine kinase inhibitor. Clin
Pharmacokinet. 2020;59(10):1273-1290.

Usuki K, Sakura T, Kobayashi Y, et al. Clinical profile of
gilteritinib in Japanese patients with relapsed/refractory acute
myeloid leukemia: an open-label phase 1 study. Cancer Sci.
2018;109(10):3235-3244.

Haematologica | 111 October 2026

3515





