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Abstract: Acute myeloid leukemia is a malignant disorder of the bone marrow, characterized by differentiation, clonal expansion, and
uncontrolled proliferation of malignant myeloid progenitor cells and by several molecular and genetic abnormalities. A mutation of
FMS-like tyrosine kinase 3 gene can be observed in about one-third of cases of acute myeloid leukemia. Two FLT3 inhibitors are
actually approved for FLT3 mutated acute myeloid leukemia: midostaurin, a multikinase first generation inhibitor with lower affinity
for FLT3 binding, and gilteritinib fumarate, a potent second-generation inhibitor of both FLT3-ITD and TKD. Gilteritinib is a new
effective and well-tolerated drug for patients with relapsing or refractory FLT3-positive acute myeloid leukemia. Thanks to its efficacy,
low toxicity, its good manageability (oral formulation), this drug is suitable for all the patients, including elderly frail patient with
concomitant therapies or pre-existing or underlying diseases, and can be used also in the outpatient setting, reducing risks and costs
related to the hospitalization. We report and discuss seven cases of different patients with FLT3 positive acute myeloid leukemia
successfully managed with gilteritinib in the real clinical practice.
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Introduction
Acute myeloid leukemia (AML) is a malignant disorder of the bone marrow, characterized by differentiation, clonal
expansion, and uncontrolled proliferation of malignant myeloid progenitor cells and by several molecular and genetic
abnormalities that cause variable clinical outcomes.1,2 AML is the most common form of acute leukemia: it represents
about 80% of acute leukemia in adults, with a median age at diagnosis of 67 years3,4 and its incidence increases with age.1

AML is associated to a poor prognosis: in fact, the 5-year overall AML survival rate is 15%, Survival can vary
substantially, ranging from 35–40% in adults aged 60 and below to as low as 5–15% in older patients.3,5

According to the American Cancer Society’s estimates for leukemia, in 2020 were diagnosed about 60,530 new cases
of leukemia with 23,100 deaths from the disease, In particular, the new cases of AML were about 19,940 (most in adults)
with about 11,180 deaths.6 In USA, the age-adjusted incidence of AML is 4.3 per 100,000 annually.1 The incidence of
AML in Europe is 3.5 cases per 100,000 population per year.7 In Italy, the AIRTUM-AIOM report states that in 2020
about 8.000 new diagnosis of leukemia were expected; in particular, the estimated incidence of AML in Italy is similar to
the European one (3.5 cases per 100,000 population per year).8
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AML is a very complex disease, making its management difficult, because several molecular and cytogenetic
abnormalities can involve critical genes of normal cell development, cellular survival, proliferation and maturation. In
fact, multiple malignant subclones, characterized by specific genetic mutations which may have an impact on the
patients’ prognosis and can represent a therapeutic target, exist in most AML patients.9 For this reason, the early
definition of the genetic and molecular pattern of the single patient can help to define prognosis and to individualize the
treatment approach.10

A mutation of FMS-like tyrosine kinase 3 gene (FLT3, which encodes a receptor type tyrosine kinase that plays a key
role in cell survival and proliferation) can be observed in about one-third of cases of AML.11,12 Among the two forms of
FLT3 mutations, the FLT3-ITD (internal tandem duplication) is indicative of high or intermediate risk AML and is
associated with highly proliferative disease, shorter duration of remissions, and increased rates of disease relapse, while
the role of FLT3-TKD (tyrosine kinase domain) mutation is uncertain.2,3,13,14 Such as other genetic alterations, FLT3
mutation has led to the development of specific targeted therapies.2 The first generation FLT3 inhibitors (such
midostaurin and sunitinib) are multikinase inhibitors with lower affinity for FLT3 binding and off-target effects that
may increase their toxicity profile. Second generation FLT3 inhibitors are more potent against FLT3 than the first
generation ones.2 Gilteritinib fumarate, the first second generation FLT3 inhibitor available on the market, is a potent
inhibitor of both FLT3-ITD and TKD, interfering with signaling and proliferation and inducing apoptosis in leukemic
cells expressing FLT3; besides, gilteritinib is a strong inhibitor of other molecular target, such as AXL, anaplastic
lymphoma kinase (ALK) and leukocyte receptor tyrosine kinase (LTK).2,3

According to the ESMO Clinical Practice Guidelines 2020 for diagnosis, treatment and follow-up of AML in adult
patients, the 7 + 3 + midostaurin regimen is recommended in FLT3-ITD or FLT3-TKD positive patients. For primary
refractory and relapsed AML patients not eligible for standard chemotherapy, the therapeutic options must control the
disease progression and reduce the treatment-related mortality; in FLT3-mutated patients, the Guidelines recommend
gilteritinib in monotherapy.15

In this publication, seven patients with FLT3 positive refractory/relapsed (R/R) AML treated with gilteritinib in
Italian reference centers will be discussed, in order to describe some real-life experiences with this new oral target drug in
terms of efficacy, safety, manageability and quality of life. In particular, each center reported one (2 cases for Como
center) of the AML cases treated with gilteritinib monotherapy during the period December 2019 – December 2021: 5
cases in Siena center, 4 cases in S. Giovanni Rotondo center, 10 cases in Palermo center, 8 cases in Milan center, 5 cases
in Como center, 4 cases in Rome center, Molecular genetic testing and supportive care, including prophylactic anti-
infectious treatment, were performed according to 2017 ELN recommendations and institute policy. No approval was
required for this research by an institutional review board or ethics committee, because gilteritinib was used on label in
all cases. All patients gave own consent to the publication of their clinical data in anonymous form for scientific and
educational purposes.

Case Reports
Case Report 1
In April 2019, a 72-year-old man with a newly diagnosed AML was transferred to our Hematology Unit. Cytogenetic
analysis did not show abnormalities, while the FLT3-ITD mutation (allelic ratio (AR) < 0.5) was detected on molecular
evaluation, thus classifying the patient at the intermediate risk according to the 2017 ELN recommendations. Despite his
age, patient presented in good clinical conditions (ECOG 1) and was considered eligible for standard chemotherapy. As
patient was FLT3-ITD positive, we decided to start an induction chemotherapy with 3 + 7 regimen in combination with
the FLT3 inhibitor midostaurin. The therapy was moderately tolerated due to the occurrence of febrile neutropenia and
QTc interval prolongation, the latter requiring a dose reduction of midostaurin. Post-induction bone marrow (BM)
evaluation revealed a 20% blast persistence with the presence of FLT3-ITD mutation (AR < 0.5); for this reason, a
second cycle of 3 + 7 + midostaurin regimen was started on June 2019. However, midostaurin was discontinued after
only 3 days for QTc interval prolongation and the onset of paroxysmal cough that resolved completely after drug
discontinuation. BM assessment showed a morphologic complete remission (CR) with an incomplete haematological
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recovery due to severe and persistent platelet (PLT) count < 10 x 109/L and the persistence of the FLT3-ITD mutation
after molecular evaluation (AR < 0.5). Due to the poor tolerance and the moderate outcome after the intensive
chemotherapy approach, we decided to continue the treatment with the hypomethylating agent azacitidine. Along this
treatment, the patient required weekly PLT transfusions due to the persistence of a severe thrombocytopenia, yet
maintaining good values of hemoglobin and absolute neutrophil count. BM assessments performed after cycles IV,
VIII and X of azacitidine showed the presence of blasts (about 10%), with a further increase (20%) together with a rise in
the allelic burden of the FLT3-ITD mutation in the last evaluation (AR 0.9). As a consequence, azacitidine therapy was
discontinued on May 2020 and the oral FLT3 inhibitor gilteritinib was started. The new drug was well tolerated and the
patient did not experience any adverse events; in particular, no signs or symptoms of differentiation syndrome neither
QTc interval prolongation were observed. After the second cycle of gilteritinib, PLT count increased and the patient
became independent from PLT transfusions. A BM assessment performed after cycle VIII showed a morphologic
complete remission without FLT3-ITD mutation on molecular evaluation for the first time since diagnosis. At the last
follow-up (April 2021), 2 years after the diagnosis and 11 months after the start of gilteritinib, the patient refers a good
compliance to this target therapy, is in good clinical condition, transfusion-independent and without any clinical evidence
of leukemia.

Case Report 2
In 2019, a 73-year-old woman came to our attention from the emergency room, for persistent asthenia from several
weeks. Blood tests showed a severe pancytopenia (white blood count - WBC 1400/mmc, hemoglobin - Hb 8.4 g/dl, PLT
29.000/mmc): for this reason, a venous peripheral blood smear was performed, showing 40% of blasts, possible of
myeloid lineage. Despite the good general conditions, the patient was hospitalized in our department in order to continue
the diagnostic work-up. Interestingly, according to the medical history, the patient was previously treated with che-
motherapy in 2010 for a high-grade sarcoma; other relevant comorbidities were glaucoma and an anxious-depressive
syndrome. The bone marrow aspirate confirmed the diagnosis of AML (flow cytometry positive for 55.5% of CD45+,
CD13+, CD33+, CD34+, CD36+, CD117+ HLADR+ MPO dim blasts), with chromosome 11 trisomy at conventional
cytogenetic and the presence of a FLT3-ITD mutation. Finally, the patient was not considered eligible for allogeneic
transplantation or intensive chemotherapy based on age, comorbidities and clinical conditions. For this reason, the patient
was enrolled in a trial; at the time of randomization, the patient was candidated for a monotherapy with azacitidine (75
mg/m2 sc for 7 days every 28 days); the first cycle was administered on July 2019.

After 6 cycles of treatment, which was well tolerated, our patient had normal blood tests; the bone marrow showed a
flow cytometry positive for 0.7% of myeloblasts CD45dim, CD13+, CD33+, CD34+ and CD117+; a cytogenetics with
chromosome 11 trisomy in just one metaphase out of 20; and the absence of any FLT3 mutation. These results were
compatible with a complete remission: for this reason, the patient continued the treatment. Unfortunately, before the ninth
cycle the patient had a pancytopenia; therefore, an urgent bone marrow evaluation showed a morphological relapse of
AML. The flow cytometry showed 55% myeloid blasts CD45dim/+, CD13+, CD33+, CD34+, CD117+, and the FLT3-
ITD mutation was still detectable.

After the bone marrow confirmation of relapse, a cytoreductive therapy with hydroxyurea (2500 mg tablets/day)
associated to gilteritinib (120 mg – 3 tablets of 40 mg/day) was started for the progressive increase of the WBC count.
The blood count before the first cycle of gilteritinib was: WBC 14,160/mmc, Neutrophils 400/mmc, Myelocytes 9540/
mmc, Hb 9.6 g/dl, PLTs 7000/mmc. After only 4 days, the WBC count reduced, so the concomitant cytoreductive therapy
was stopped. The blood count at day 4 was: WBC 6590/mmc, Neutrophils 290/mmc, Myelocytes 4290/mmc, Hb 9.5 g/dl,
PLTs 17,000/mmc; it is noteworthy that the patient did not need a transfusion support from the start of the therapy and the
liver and kidney function remained within the normal limits.

At the first disease evaluation after two cycles of therapy, the bone marrow blasts reduced to 3%; the blood count
(WBC 2350/mmc, Neutrophils 1040/mmc, Hb 8.6 g/dl, PLTs 31,000/mmc) was indicative for a complete remission with
incomplete haematological recovery. Indeed, after 4 cycles, the patient achieved a partial normalization of the blood
count independently from transfusion support.
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Unfortunately, the blasts count of bone marrow increased (6%) at the beginning of the sixth cycle, meaning a possible
initial loss of response; However, based on the clinical conditions, the good tolerability of the treatment and the absence
of valid therapeutic alternatives, it was decided to go ahead with the ongoing therapy switching the maximum dosage of
gilteritinib: 200 mg (or 5 tablets of 40 mg)/day. This new schedule was subjectively well tolerated and no side effects
were observed.

The therapy was taken continuously throughout the treatment period, except for a short period (during a hospitalization for
sepsis and pneumonia occurred at mid fourth cycle), when the drug was stopped for less than a week due to the intravenous
antibiotic therapy and a grade 4 neutropenia. The patient accessed Day Hospital already feverish with blurred respiratory
symptoms and pathological rhonchi and crackles in both lungs. A chest computerized tomography (CT) scan showed “in the
anterior segment of the right upper lobe and in the lingular area, some nuanced mantle alterations […] Frosted glass associated
with interstitial thickening, of inflammatory significance.”
COVID 19 testing was negative. The patient was treated with piperacillin/tazobactam for a total of 14 days, obtaining a
rapid defervescence and the reduction of the inflammation parameters. During the hospitalization, the patient also had an
accidental trauma to the nape without any acute bleeding documented by brain CT. Moreover, during the treatment with
gilteritinib the patient was hospitalized for another uncomplicated covid-negative interstitial pneumonia and treated with
iv meropenem and vancomycin without stopping gilteritinib. Both hospitalizations lasted less than 3 weeks without
sequelae.

After 7 cycles of 28 days of therapy (October 2020) the patient was hospitalized for a fungal suspected pneumonia,
and treated with isavuconazole (chosen due to minor interaction with gilteritinib) without any relevant toxicity.
Unfortunately, she died after a week due to respiratory complications without clear signs of peripheral progression of
the underlying haematological disease.

During all the treatment no adverse events related to the FLT3 inhibitor were reported. Hepatic and renal function
were always within normal limits and the QT interval was never prolonged. It is also important to point out the
concomitant use of drugs with well-known interactions with gilteritinib, such as fluoroquinolones and thiazoles, without
withdrawal of the drug or dose adjustment, or any clinical or laboratory adverse effects.

Case Report 3
A 70-year-old female patient without a significant medical history accessed to our Department with fever and generalized
weakness. Physical examination at baseline was unremarkable. A complete blood count showed a white blood cell count
of 50.5 × 109/L, hemoglobin 8.7 g/dL, and platelet count 124 × 109/L. Peripheral blood smear showed several monocytes
with blasts. Bone marrow examination showed an hypercellular marrow with 80% blasts. At immunophenotypic analysis
by flow cytometry, blasts were positive for CD34, CD117, DR, CD13, CD7, CD33. Karyotype analysis of bone marrow
cells showed a 47, XX, +21 [20] karyotype; trisomy 21 was considered as acquired since the patient showed no
phenotypic characteristics of Down syndrome. Molecular study showed the presence of a FLT3-ITD mutation; the
FLT3-ITD allelic ratio was > 0,5 (high). No other mutations were detected, but WT1 was overexpressed (15.060 WT1/
ABL 104). Consequently, the diagnosis was high risk AML, according to 2017 ELN risk stratification by genetics.

Leukocytosis was immediately treated with hydroxycarbamide, allopurinol and iv hyperhydration (prophylaxis for the
tumor lysis syndrome). A standard induction 3 + 7 chemotherapy regimen with daunorubicin and cytarabine plus
midostaurin was started 7 days after diagnosis. The clinical course was complicated by an episode of neutropenic
fever, which required a treatment with broad-spectrum antibiotics. The patient developed a grade 4 oral mucositis during
the nadir of neutrophils: for this reason, a total parental nutrition was administered for a total of 14 days. At day 28 from
chemotherapy, when neutrophil count started to rise again, a cellulitis on the left wrist was observed: the new cycle of
antibiotic therapy allowed the progressive resolution of symptoms.

The bone marrow evaluation after the induction phase showed a treatment failure with primary refractory disease.
Molecular status was re-evaluated and FLT3 ITD mutation was detected in leukemic cells; for this reason, the patient
started a second line therapy with gilteritinib (120 mg once a day). At this time, the patient was neutropenic and blood
transfusion needs were high (approximately 1 transfusion every 8 days); weakness and fatigue were the main symptoms
reported.
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Two months after gilteritinib therapy, bone marrow evaluation showed a stable disease with a concomitant improve-
ment of the clinical status: a granulocyte recovery and a transfusion independence were observed and the patient was in
good clinical conditions without the need of hospitalizations. During the third month of therapy, the patient experienced a
differentiation syndrome, with febrile neutropenia, hypoxia and body weight gain; chest CT showed the presence of
pulmonary infiltrates. Reactive C protein and Ferritin levels were high (2000 ng/mL). This adverse event was managed in
outpatient setting because clinical conditions were stable and the patient did not need hospitalization: the administration
of gilteritinib was temporary interrupted, and corticosteroids associated to broad-spectrum antibiotics were prescribed.
Fifteen days later, symptoms resolved (except weakness) but grade 1 anemia and grade 4 thrombocytopenia appeared:
gilteritinib was re-introduced. One month later, the patient was transfusion-free and the clinical conditions markedly
improved; reactive C protein level decreased but ferritin and LDH levels remained unexpectedly high and WBC
progressive increased with monocytosis. The patient obtained a partial remission after 5 months of treatment, but with
persisting serum ferritin and LDH inexplicably high levels (> 7000 μg/l and >2000 U/I, respectively) without other signs
or symptoms.

Case Report 4
In July 2019, a 46-years-old woman was admitted to our Haematological Unit for an hyperleucocytic AML (WBC 35,000/µL).
The immunophenotype analysis on bone marrow aspirate showed > 80% blasts cells positive for CD117, CD13, CD33, CD34,
CD38 and aberrant CD7. At the diagnosis, a normal 46 XX karyotype and FLT3-ITD and NPM1B mutations were present. The
disease was completely resistant to the induction chemotherapy with the 3 + 7 (daunorubicin 60 mg/m2 days 1,2,3, cytosine
arabinoside 100 mg/m2 days 1–7) plus midostaurin (50 mg every 12 hours at days 8–21) regimen. For this reason, at the end of
August 2019 a reinduction therapy with the FLA-IDA regimen (fludarabine 50 mg/m2 at days 1–5 + cytosine arabinoside 2000
mg/m2 at days 1–5 + idarubicin 10 mg/m2 at days 3,4,5) was started, with a partial remission due to persistence of 7% blasts on
bone marrow.

On September 2019, the patient received a FLA3 chemotherapy (fludarabine 50 mg/m2 at days 1–3 plus cytosine
arabinoside 2000 mg/m2 at days 1–3) as a bridge for bone marrow transplantation during the iatrogenic aplastic phase.
After the TBF (thiotepa, busulfan, fludarabine) conditioning and a graft versus host disease (GVHD) prophylaxis with
post-transplant cyclophosphamide, an haploidentical bone marrow transplantation was performed on October 28th, 2019
(donor: brother).

The re-evaluation of disease at 30, 60, 90 days after the transplant showed the achievement and the maintenance of a
haematological complete remission, a FLT3-ITD and NPM1B negativity, and a complete chimerism with 100% donor
cells. In February 2020, during the cyclosporine reduction phase, a chronic mild gastric GVHD was successfully treated
with beclomethasone dipropionate. Unfortunately, 6 months after transplantation the patient developed a disease relapse:
for this reason, a third induction line therapy with MEC (mitoxantrone 6 mg/m2 at days 1–6 plus etoposide 80 mg/m2 at
days 1–6 and cytosine arabinoside 1000 mg/m2 at days 1–6) regimen was administered starting from May 2020, showing
a complete resistance. Moreover, a very severe septic shock caused by resistant to carbapenems (KPC positive) E. coli
and K. Pneumoniae strains complicated the chemotherapy.

From June 18th 2020, the patient started gilteritinib 40 mg three times daily, which was stopped on July 30th 2020
due to a CVC-related infection with second septic shock caused by extended spectrum beta lactamase (ESBL) positive K.
Pneumoniae. After the resolution of the severe infection, the treatment with gilteritinib was re-started at the dose of 40
mg two times daily due to the persistent grade III neutropenia. During the gilteritinib therapy with a reduced dose, the
patient experienced a progressive clinical improvement and was transfusion-free; the neutrophils count progressive
recovered according to the progressive reduction blasts count, as well as quantitative PCR for FLT3-ITD and NPM1B
mutation on bone marrow with consensual near complete chimerism recovery (Figure 1). After 3.5 months of gilteritinib
therapy (October 2020), the patient was in good clinical condition, neutropenia was solved (neutrophils 3700/µL) and
noteworthy she achieved the second haematological complete remission with minimal molecular disease positivity for
FLT3-ITD e NPM1B mutation and a near complete chimerism (Figure 2). At that time, the patient was considered
eligible by another centre for the enrolment in a Phase 1/2 clinical trial on allogeneic CIK (Cytokine induced Killer) cells
from haploidentical donor with a reduced risk of induction of GVHD and increased antileukemia activity following the in
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vitro expansion process. This experimental therapy was administered from December 2nd 2020 to January 13th 2021: the
patient is actually GVHD free and waiting for a re-evaluation of the leukemic disease.

Case Report 5
A 52-year-old woman referred to the emergency room for general fatigue. She had a history of hysterectomy for
menorrhagia and pityriasis rosea. The patient’s vital signs were stable and no alterations were recorded after physical
examination. Blood tests showed a mild leukocytosis (WBC 10,300/μL) with a relative neutropenia (neutrophils 15%),
severe macrocytic anemia (Hb 6.8 g/dL, MCV 101 fl), and a slightly reduced platelet count (131,000/μL). On peripheral
blood smear, myeloid blasts represented 13% of leukocytes. Bone marrow aspiration was performed and she was
diagnosed with acute myeloid leukemia, with 30% myeloperoxidase (MPO) staining positive myeloblasts and 16%
MPO-negative monoblasts. In flow cytometric analysis, the myeloid blast cells resulted positive for CD13, CD33, CD38,
CD11,7 and cytoplasmic MPO, while monocytoid elements were positive for CD4, CD33, CD36, CD38, CD64 and
partially for CD14 and CD56. The karyotype was normal, and molecular analysis were positive for insertion
c.863_864insTCTG in exon 11 of nucleophosmin (NPM1) gene and for nucleotide substitution c.419G>a in exon 4 of

Figure 1 Molecular biology clearance.

Figure 2 Haematological recovery.
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isocitrate dehydrogenase 2 gene (IDH2-R140), and negative for other gene mutations (FLT3, RUNX1, TP53, IDH1,
CEBPA). The patient received a standard induction therapy consisting of daunorubicin and cytarabine. The treatment was
complicated by a severe neutropenic enterocolitis requiring a massive antibiotic therapy, with further evidence of
gastrointestinal colonization by carbapenemase-producing Citrobacter freundii and vancomycin-resistant Enterococcus
faecium. A hematological and molecular complete remission was achieved 4 weeks after the start of the induction
therapy: a consolidation treatment with intermediate-dose cytarabine was decided. However, the patient showed a bone
marrow relapse after the second course of consolidation therapy. Molecular retest confirmed the presence of IDH2-R140
mutation, with negativity for NPM1 and FLT3 gene mutations. A salvage therapy with the FLAG-IDA regimen
(fludarabine, cytarabine, idarubicin and G-CSF) was started, but the patient failed to respond with a persistence of
more than 70% of bone marrow blasts and rapid expansion of peripheral blasts. Molecular tests showed the presence of
FLT3-ITD gene mutations with high allelic ratio (0.8). The patient was therefore a candidate for gilteritinib monotherapy,
but she developed hypotension, fever and bilateral consolidating pneumonia (Figure 3) with respiratory failure prior to
start the drug. A blood test showed a leukocytosis (WBC 60,300/μL), requiring a cytoreductive treatment with
hydroxycarbamide, associated to transfusion-dependent anemia and thrombocytopenia. C-reactive protein and procalci-
tonin values increased up to 405 mg/L and 1.94 ug/L, respectively. Blood and urine cultures were negative, as well as the
SARS-CoV-2 test both on the nasopharyngeal swab and bronchoalveolar lavage (BAL). The patient received an empiric
broad-spectrum antibiotic therapy with ceftazidime/avibactam and linezolid, without any clinical improvement. A CT
scan showed the progression of the underlying pneumonia and an additional BAL test was negative (culture and
multiplex PCR assay). High-dose fosfomycin and liposomal amphotericin B were added to the ongoing antibiotic
therapy, without any clinical improvement but with a further increase of the inflammation markers. Due to suspect
bronchiolitis obliterans with organizing pneumonia, a steroid treatment was started, which resulted in complete regres-
sion of the fever and resolution of respiratory failure. Therefore, gilteritinib was administered at a starting dose of 120 mg
once daily, with a rapid clearance of peripheral blasts within 72 hours. The antifungal prophylaxis was ultimately
changed to isavuconazole to drug-drug interactions. After 7 days of gilteritinib treatment, the patient developed a severe
differentiation syndrome, with a rapidly progressing non-itchy maculo-papular skin rash (Figure 4A and B) associated
with fever, weight gain and increase of transaminase values. A chest x-ray was negative for pleural effusion, but lung
ultrasound showed clear B lines. A steroid therapy with dexamethasone 10 mg bid was initiated without discontinuing
gilteritinib therapy, resulting in a gradual resolution of the skin rash (Figure 4C–F). After 18 days, the patient developed a
febrile neutropenia, successfully treated with an empiric antibiotic therapy associated with the rapid taper of steroids
without gilteritinib withdrawal. After discharge, the patient continued gilteritinib in the out-patient setting, with
persistence of pancytopenia and transfusion-dependence. The bone marrow evaluation, performed after 2 months of
therapy, showed a partial remission with 13% of blasts, and the patient underwent an allogeneic transplant with

Figure 3 Consolidating pneumonia before starting gilteritinib.
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myeloablative conditioning from an unrelated HLA-matched donor. The transplant course was regular and a maintenance
therapy with gilteritinib was started 3 months after the transplant. 6 months after the allogeneic procedure, no graft-vs-
host disease or infectious events were observed, and bone marrow evaluation confirmed the complete remission with full-
donor chimerism.

Case Report 6
A 76-year-old man referred to emergency room with fatigue and laterocervical swelling. He had a history of duodeno-
cephalopancreatectomy for insulinoma and occult HBV infection. The patient’s vital signs were stable; the physical
examination showed a diffuse extraoral swelling in the lower one-third of face extending to left submandibular and
laterocervical region. Blood tests showed hyperleukocytosis (WBC 153,000/μL) with normocytic anemia (Hb 9.2 g/dL,
MCV 90 fl), and thrombocytopenia (PLT 48,000/μL). On peripheral blood smear; 90% of the leukocytes were mono-
blasts: for this reason, the diagnosis was acute monoblastic leukemia. Bone marrow aspiration showed 89% of
monoblasts positive for CD13, CD33, CD34, CD64, CD117, and partially for CD7 and CD56. The karyotype was
normal, but the molecular analysis was positive for ITD of FLT3 gene with high allelic ratio (0.64) and negative for other
gene mutations (NPM1, RUNX1, TP53, IDH1, CEBPA). According the Comprehensive Geriatric Assessment, the
patient was considered unfit and therefore he was candidate for the hypomethylating agent decitabine. Despite an initial
cytoreductive treatment with hydroxycarbamide, he developed a rapid and massive progression of submandibular and
laterocervical sarcoma resulting in rapidly progressive inspiratory dyspnea and dysphagia (Figure 5). Thus, an induction
chemotherapy with the “2+5” schedule was initiated for debulking purpose. The treatment was complicated by the

Figure 4 Evolution of the skin rash during the differentiation syndrome (A-F).

https://doi.org/10.2147/PGPM.S346688

DovePress

Pharmacogenomics and Personalized Medicine 2022:15400

Bocchia et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


evolution of cutaneous sarcoma in a submandibular abscess (Figure 6) caused by methicillin-sensitive Staphylococcus
aureus; oral midostaurin was not initiated due to severe dysphagia. The patient failed to respond to the induction therapy,
with the persistence of more than 70% of bone marrow blasts, the confirm of the FLT3-ITD gene mutation (allelic ratio
0.39), a rapid expansion of peripheral blasts and the growth of new sarcomatous lesions. The patient had an intercurrent
septicaemia caused by an ESBL-positive Escherichia coli, which led to a further worsening of the clinical status (ECOG
performance status 3). After the resolution of the sepsis, a target therapy with gilteritinib at a starting dose of 120 mg
once daily was initiated, resulting in rapid clearance of peripheral blasts and progressive reduction of sarcomatous
lesions. Therapy was well tolerated and the patient continued gilteritinib treatment in the out-patient setting. A
progressive hemometric recovery with transfusion-independence and normalization of peripheral parameters were
observed, as well as a concomitant complete morphological remission after bone marrow evaluation. After 6 months
from the start of gilteritinib therapy, the patient was still alive with full recovery of performance status and complete
regression of the sarcomatous lesions (Figure 7).

Case Report 7
A previously fit 47-year-old man accessed to our Hospital in May 2020 with a 5 days history of fever, asthenia, fatigue
and no respiratory symptoms. Blood counts showed a leukocytosis (WBC 174 x 109/L), 90% myeloid blasts in a
peripheral blood smear and hemoglobin 9.2 g/dl; platelet count (105 × 109/L) and coagulation markers were indicative of
a disseminated intravascular coagulation (DIC). The diagnosis was confirmed by immunophenotype performed on bone
marrow aspirate, where the following antigens were detected on myeloid blasts: CD117+, CD34 +, CD33+, CD13+,
MPO+, CD7+, CD38+, CD99+. A male karyotype with a deletion involving the chromosome 12 del (12p13) was found
by cytogenetics. Molecular tests based on polymerase chain reaction showed a FLT3-ITD mutation with high allelic ratio
(AR: 1.2) and nucleophosmin 1 (NPM1) gene- mutated on the entire leukemic burden (100%). No other additional
mutations were detected. The hyperleukocytosis was immediately treated with hydroxyurea and rasburicase (for tumor
lysis syndrome prophylaxis) and a two doses of 200 mg cytarabine over the first 48 hours. A combined nasal and
pharyngeal swab for SARS-CoV-2 RNA was negative. An induction therapy was performed according to the 3+7

Figure 5 CT scans of submandibular and laterocervical sarcoma.
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regimen associated to midostaurin at the dosage of 50 mg bid from day +8, complicated by febrile neutropenia and
pneumonia. Although the patient received an induction treatment with a midostaurin-based regimen, the remission was
not achieved. As there was no availability of a matched related donor, the search for an unrelated donor was started in
May 2020.

A bone marrow analysis on day 50 after the induction chemotherapy showed 54% of blast cells and the presence of
FLT3-ITD (AR:1.1) and NPM1 mutations (95.5%). On July 2020, the patient started gilteritinib at a standard dose of 120
mg/daily; the blood values were: hemoglobin 11.20 g/dl; platelet count 205 × 109/L and WBC count of 3.18 x 109/L,
25% of myeloid blasts in a peripheral blood smear; aspartate aminotransferase, alanine aminotransferase and alkaline
phosphatase levels were normal. After 4 days from gilteritinib treatment, the patient was discharged with a weekly day
hospital visit; he did not need platelet and blood transfusion, and no infection and febrile episodes were reported.
Considering the well-known cardiovascular and hepatic toxicity of gilteritinib, a comprehensive cardiologic and meta-
bolic evaluation was scheduled every 15 days with a weekly routinary blood test. However, no cardiovascular or hepatic
side effects, as well as differentiation syndrome, posterior reversible encephalopathy syndrome or arrhythmias were
observed. At the end of the first cycle of gilteritinib, peripheral blood count was normal (hemoglobin 14.60 g/dl; platelet
count 216 × 109/L, WBC count 5.84 x 109/L, no myeloid blasts in peripheral blood smear) and the bone marrow
examination showed a morphological complete remission. For the first time, a minimal residual disease negativity by
flow cytometry was observed in association to a negative FLT3-ITD allelic ratio (AR: 0). Unfortunately, the NPM1
mutation persisted with a value of 1.42%. The patient, in good general condition, continued the therapy with gilteritinib
at the standard dose of 120 mg/daily, awaiting allograft from an unrelated donor. After completing the second cycle
without any complications, before starting conditioning therapy, a morphological CR and a minimal residual disease

Figure 7 Evolution of the myeloid sarcoma during the treatment with gilteritinib.

Figure 6 Evolution of the cutaneous sarcoma in a submandibular abscess.
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negativity were confirmed. However, NPM1 mutation was persistently positive with a value of 2.98% and FLT3-ITD AR
became newly positive with a value of 0.2. On September 29th, 2020, the patient underwent a hematopoietic stem cell
transplantation (HSCT) from a 10/10 matched (HLA typing of donors and patients was performed for -A, -B, -C, -DRB1
and -DQB1 loci at a high resolution by sequence-based typing and sequence-specific oligonucleotide probe methods),
unrelated donor (20 years old woman), after a myeloablative conditioning regimen (thiotepa 10 mg/kg, 3 days of iv
busulfan 9.6 mg/kg plus 3 days of fludarabine 150 mg/m2 and 2 days of antithymocyte globulin 5 mg/kg). The graft-
versus-host- disease prophylaxis consisted of cyclosporine and methotrexate. Peripheral blood stem cells were infused on
day 0; the number of nucleated cells was 10.90 x 108/kg and the number of CD34-positive cells and CD3+ cells infused
was 8.57 x 106/kg and 131.88 x 106/kg respectively. The combination of blood group and serological status of CMV was:
0+ donor versus A+ recipient and negative donor versus positive recipient, respectively. The Hematopoietic cell
transplantation comorbidity index (HCT-CI) score was low-0; the age adjusted risk level was intermediate-1 and the
ECOG performance status was 0. From day −1 the patient has abdominal pain and watery diarrhea; microbiological tests
(stool sample) documented the presence of Clostridium Difficile toxins. The patient was treated with oral vancomycin
125 mg four times a day for 10 days, with e complete resolution of the infection. From day + 7; the patient started a
prophylaxis for Cytomegalovirus infection with letermovir 240 mg os per day. Neutrophil (>0.5 x 109/L) and platelet
(>20,000 x 109/L) engraftment were achieved on days 17 and 14, respectively. One month after the transplant, a bone
marrow aspirate confirmed a morphological CR, a minimal residual disease negative by flow cytometry and the
negativity of NPM1 and FLT3-ITD AR mutations (Figure 8). No acute graft versus host disease were observed after
transplant and the chimerism detected on day 30 on peripheral blood and bone marrow aspirate was of full-donor origin.
After the discharge (day + 32), the patient did not show hepatic, renal and cardiac toxicity. Subsequently, blood tests,
including cytomegalovirus (CMV), HHV6 and Epstein-Barr virus (EBV)-DNA, were performed weekly. A bone marrow
evaluation after 3 months from Allo HSCT showed any evidence of disease recurrence; the chimerism detected on day 90
on peripheral blood and bone marrow was of full donor origin. After 90 days, enlarged and tender lymph nodes on both
sides of retro-auricular, submandibular, neck region, axillae and groins were observed; the EBV-DNA load was 28,532
copies/mL. A diagnosis of probable Epstein-Barr virus-related post-transplant lymphoproliferative disorder EBV-PTLD
was made, and a rituximab (375 mg/m2 weekly) was immediately started, together a reduction of the cyclosporine dose.

Discussion
Patients with R/R AML has limited treatment options and often require high-dose salvage chemotherapy for controlling
the disease. In the last years, several agents became available for this life-threatening disease, including some target
therapy focused on specific mutations (such as FLT3 or IDH1 and 2).

Figure 8 NPM1/FLT3-ITD assays.
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Gilteritinib, a potent, rationally designed, second generation inhibitor of both FLT3 and AXL, represents a valid
alternative for FLT3 mutated AML, a high-risk population, and has been approved in the European Union as mono-
therapy for the treatment of adult patients with relapsed or refractory AML with a FLT3 mutation.2,3,12 FDA approved
gilteritinib on November 28, 2018 for treatment of relapsed or refractory acute myeloid leukemia with a FLT3 mutation
as detected by an FDA-approved test.16

A non-randomized, single-arm, open-label Phase I/II study evaluated seven dose escalations of gilteritinib (from 20
mg/day to 450 mg/day) in 252 patients with R/R AML, most of them with FLT3 mutations. Gilteritinib was generally
well-tolerated and the maximum tolerated dose was 300 mg/day. However, the dose of 120 mg/day was chosen for
further trials as a balance between potent FLT3 inhibition and safety, also allowing the dose adjustment without
compromising efficacy and safety.17

The pivotal Phase III open-label, multicenter, randomized ADMIRAL study (2215-CL-0301) evaluated the efficacy
and safety of gilteritinib versus salvage chemotherapy in 371 patients with AML and FLT3 mutation who were refractory
(at least to one cycle of induction chemotherapy) or relapsed (achieved a complete remission/complete remission with
incomplete hematologic recovery [CRi]/complete remission with incomplete platelet recovery [CRp] after first-line AML
therapy. Patients were randomized to gilteritinib (120 mg orally once daily, n = 247) or salvage chemotherapy (low-dose
cytarabine; azacitidine; mitoxantrone, etoposide and intermediate-dose cytarabine; fludarabine, cytarabine and granulo-
cyte colony-stimulating factor with idarubicin; n = 124). The primary end points were overall survival (OS) and the rate
of complete remission (CR) with full or partial hematologic recovery. Secondary end points were: event-free survival
(EFS) and the rate of patients with CR.18

The median OS was significantly longer in patients treated with gilteritinib respect to patients receiving chemother-
apy: 9.3 months vs 5.6 months, respectively (hazard ratio [HR] for death, 0.64; 95% confidence interval [CI], 0.49 to
0.83; P<0.001). The superiority of gilteritinib was confirmed by the second primary endpoint too: In fact, CR rate with
full or partial hematologic recovery was 34.0% in the gilteritinib group and 15.3% in the chemotherapy group (risk
difference, 18.6 percentage points; 95% CI, 9.8 to 27.4). As far as secondary endpoints are concerned, the median EFS
was 2.8 months for gilteritinib and 0.7 months for chemotherapy (HR for treatment failure or death, 0.79; 95% CI, 0.58 to
1.09) and the CR rate 21.1% and 10.5%, respectively (risk difference, 10.6 percentage points; 95% CI, 2.8 to 18.4). It is
noteworthy that the transplantation rate was significantly higher in patients treated with gilteritinib compared to those
treated with chemotherapy: 25.5% vs 15.3% (unstratified p = 0.033).18

Perl et al recently published a 2 years update of the ADMIRAL trial in order to evaluate the long-term outcome of the
treatment with gilteritinib. After a median follow-up of 37.1 months, the median OS was 9.3 months for gilteritinib and
5.6 months for the control group (HR=0.665; 95% CI: 0.518, 0.853; two-sided P=0.0013). Besides, the 2-year estimated
survival rate was 20.6% for gilteritinib and 14.2% for the control group. It is noteworthy that 26 out of 49 patients treated
with gilteritinib still alive after ≥ 2 years has no relapses; 18 of these patients underwent transplantation and 16 restarted
gilteritinib as post-HSCT maintenance therapy. These data confirm the higher efficacy of gilteritinib versus the standard
therapy in terms of sustained disease remission and survival.19

A retrospective analysis performed on patients with R/R AML enrolled in the 2 previously discussed trials evaluated
whether a prior TKI therapy with midostaurin or sorafenib could affect the clinical outcome in terms of response and
survival, In the phase I/II trial, 23% of FLT3-mutation-enriched patients treated with 120- or 200-mg gilteritinib received
a prior TKI (sorafenib). The results showed that the CR rates were similar in patients pretreated or not with a TKI (42%
vs 43%, respectively). The ADMIRAL trial confirmed the efficacy of gilteritinib in pretreated patients (about 12% of the
global population): in fact, CR rates were similar in patients pretreated or not with TKIs (48% vs 55%m respectively).
These figures were higher than those observed in the control group (21% and 22%, respectively). Besides, in patients
pretreated with TKIs the median OS was higher in the gilteritinib group respect to the control group (6.5 vs 4.7 months,
respectively). The Author conclude that patients with R/R AML who received prior TKIs (midostaurin or sorafenib) were
able to achieve remission with gilteritinib.20

A very recently published paper described a retrospective analysis on 113 patients with R/R FLT3 mutated AML
previously treated with FLT3 inhibitors enrolled in 11 US centers. All the patients received gilteritinib alone or as
combination therapy. The composite CR rate (CRc, CR + CRi + CRp) with gilteritinib was 48.7%; the CRc rate in
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patients pretreated with 7+3 and midostaurin with or without consolidation was 58% and the median OS was 7.8 months.
Again, these real-life data confirm the effectiveness of gilteritinib also after a previous treatment with midostaurin, which
is now widely used as standard intensive induction and consolidation or posttransplant FLT3 inhibitor maintenance.21

The safety data of gilteritinib on 522 patients who received at least one dose of gilteritinib, (integrated R/R AML
safety population) showed that the incidence of grade ≥ 3 drug-related treatment-emergent adverse events (TEAEs) was
60.2% and 52.3% in gilteritinib and chemotherapy groups, respectively. The most frequent TEAEs with gilteritinib were
the increase of blood creatine phosphokinase, alanine aminotransferase, aspartate aminotransferase and alkaline phos-
phatase, diarrhea, fatigue and nausea.3 Actually, gilteritinib is the second FLT3 inhibitor approved for the treatment of
AML.22

These clinical data were confirmed in the clinical practice by our case reports. In fact, the administration of gilteritinib
monotherapy in R/R AML patients allowed to improve the clinical status in all the patients, independently from age and
co-morbidities; in some cases, platelet transfusions independence was reached. Furthermore, gilteritinib has an accep-
table and manageable toxicity, also in patients previously intolerant to midostaurin.

For out of 7 patients aged > 70 years: due to the good manageability and low toxicity, gilteritinib represents an
optimal choice also in the delicate setting of the elderly patient, not suitable for allogeneic stem cells transplantation and
with several comorbidities. In one case (73 years old woman), the dose of gilteritinib was increased to 200 mg/day
without any safety problem. In these patients, gilteritinib proved to be an effective and well-tolerated drug, which can
also be managed in combination with other concomitant therapies, pre-existing or related to the underlying disease.
Besides, gilteritinib, due to the oral formulation, can be safely used in the outpatient setting, avoiding hospitalizations,
which can be deleterious in the COVID-19 era, reducing risks and costs related to the hospital access and significantly
improving patient’s quality of life.

In the COVID-19 context, gilteritinib could be used for patients with newly diagnosed AML infected with severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2)/COVID-19. Wilson et al reported the case a 27-year-old male
with a 3-day history of fever (>39 C), swollen, erythematous elbows and no respiratory symptoms and a de novo FLT3-
mutated AML with a complete remission after an induction therapy with gilteritinib during hospitalization for COVID-
19. According to the Authors, gilteritinib can be considered as a treatment option FLT3-mutated AML patients and
severe COVID-19, where a prolonged period of chemotherapy-induced pancytopenia could adversely affect outcomes.23

Gilteritinib is also effective against extramedullary disease.24 In fact, our 76 years old patient, who developed a rapid
and massive progression of submandibular and laterocervical sarcoma with rapidly progressive inspiratory dyspnea and
dysphagia, obtained the complete regression of the sarcomatous lesions after 4 months from the start of gilteritinib. Kida
et al published the case of a 56-year-old man with FLT3-ITD mutated AML undergone to a myeloablative conditioning
regimen, followed by peripheral blood stem cell transplantation. After 180 days, he has an extensive chronic graft
associated to several subcutaneous tumors, diagnosed as myeloid sarcoma and successfully treated with gilteritinib.25

A differentiation syndrome with gilteritinib was reported in 3% of patients. Of the 11 patients who experienced
differentiation syndrome, 9 recovered after treatment or after dose interruption of gilteritinib.3 An episode of differentia-
tion syndrome occurred in 2 outpatients: this adverse event required the temporary suspension of therapy with rapid
worsening of the blood count. Resumption of treatment with Gilteritinib resulted in rapid haematological recovery with
persistence of elevated serum levels of ferritin and LDH. High serum ferritin is found in a large spectrum of conditions,
both genetic and acquired, associated or not with iron overload; it is well known that both acute and chronic inflamma-
tion are associated with hyper ferritinemia. Gilteritinib has been shown that it is able to induce two distinct marrow
responses in FLT3 mutated AML: responses with or without differentiation.26 Gilteritinib therapy promoted differentia-
tion of leukemic blasts and this condition caused a systemic inflammatory state with high serum ferritin level and
increased LDH.

Finally, gilteritinib is a well-tolerated and effective drug also for patients with FLT3-positive AML eligible for an
allogeneic bone marrow transplantation as bridge therapy, maintenance therapy or bridge to a second bone marrow
transplant, as suggested by the case report by Kamitani (as well as case report n. 4). A 38-year-old FLT3-ITD positive
AML patient underwent a bone marrow transplantation with bone marrow remission obtained on day 32. The relapse,
occurred four months after transplantation and resistant to salvage chemotherapy, was treated with gilteritinib. Following
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the stabilization of the disease, the patient received a cord blood transplantation three months after relapse, with a second
remission.27 Gilteritinib can be also useful in already transplanted patients as possible bridge therapy towards experi-
mental rescue strategies.

Conclusion
Based on literature and case reports, we can conclude that gilteritinib in monotherapy is a new effective and well-
tolerated treatment with manageable adverse effects for patients with relapsing or refractory FLT3-positive AML. Thanks
to its good manageability combined with the low toxicity, this drug is suitable for all the patients, including elderly frail
patient with concomitant therapies or pre-existing or underlying diseases. Due to the oral formulation, gilteritinib can be
used also in the outpatient setting, reducing risks and costs related to the hospitalization. Besides, gilteritinib can be a
valid therapeutic option for bridge to transplantation or other experimental rescue strategies.

Clinical trials evaluating the use of gilteritinib in first-line induction setting with intensive chemotherapy and
azacitidine (in particular, preliminary data of the phase III LACEWING trial confirm the safety and feasibility of
gilteritinib plus azacitidine in patients with newly diagnosed FLT3-mutated AML not eligible for induction therapy,
suggesting an important new treatment approach for these patients),28 in the maintenance setting and in the R/R setting
with atezolizumab and venetoclax alone or plus azacitidine are ongoing.2
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