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A study on the adverse effects of FLT3 inhibitors
Introduction: The United States Food and Drug Administration Adverse Event Reporting 
System (FAERS) is an essential tool for the United States Food and Drug Administration 
(FDA) to detect adverse events (AE). This study explored the safety signals of FMS-
related tyrosine kinase 3 (FLT3) inhibitors (midostaurin, sorafenib, and gilteritinib) using 
the FAERS database.
Research design and methods: We used reporting odds ratios, proportional reporting 
ratios, and Bayesian confidence propagation neural network to analyze the safety 
signals of FLT3 inhibitors by comparing them with the full database and chemotherapy 
agents from 2015 to 2022.

A disproportionality analysis for assessing 
the safety of FLT3 inhibitors using the FDA 
Adverse Event Reporting System (FAERS)
Jie Zhou*, Jinping Zhang*, Qiaoyun Wang, Miaoxin Peng, Yun Qian, Fang Wu,  
Qi Rao, Laji DanZhen, Yonggong Yang, Siliang Wang  and Mengying Liu

Abstract
Objectives: This pharmacovigilance analysis was conducted to assess the safety signals of 
FMS-related tyrosine kinase 3 (FLT3) inhibitors in a real-world setting using the United States 
Food and Drug Administration Adverse Event Reporting System (FAERS).
Design: We analyzed adverse event (AE) reports related to FLT3 inhibitors submitted to the 
FAERS database from the first quarter of 2015 to the fourth quarter of 2022. Disproportionality 
analysis was used to identify AEs of FLT3 inhibitors in the FAERS database.
Results: A total of 55,393 AE reports were identified, of which 5938, 44,013, and 5442 were 
attributed to midostaurin, sorafenib, and gilteritinib, respectively, as primary suspects. 
Compared to the full database, significant safety signals at the system organ class level were 
observed for midostaurin (blood and lymphatic system disorders and hepatobiliary disorders), 
sorafenib (skin and subcutaneous tissue disorders and hepatobiliary disorders), and 
gilteritinib (investigations, blood and lymphatic system disorders, infections and infestations, 
and hepatobiliary disorders). All the drugs studied were associated with hepatobiliary 
disorders. The most prominent AEs associated with midostaurin, sorafenib, and gilteritinib 
were cytopenia, palmar-plantar erythrodysesthesia syndrome, and increased blast cell count, 
respectively. Compared with chemotherapy, midostaurin and gilteritinib showed a higher risk 
of electrocardiogram QT prolongation, gastrointestinal hemorrhage, cerebral hemorrhage, 
and increased white blood cell count. Gilteritinib had the highest overall death percentage 
(30.28%), whereas sorafenib had the lowest (23.06%).
Conclusion: Mining AE signals using the FAERS database provides a method for analyzing 
the safety of FLT3 inhibitors in post-marketing. We found several significant AE signals that 
corresponded to previous studies; however, some AE signals were not mentioned in the drug 
instructions. Our study could provide a direction for follow-up real-world studies to verify the 
results further.
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Results: A total of 5,938, 44,013, and 5,442 reports were attributed to midostaurin, 
sorafenib, and gilteritinib, respectively. Based on the analysis results, we observed the 
following:

•  �Regarding the analysis of system organ class level compared with the full database, 
“hepatobiliary disorders” appeared as an important signal in all three drugs. 
In addition, “blood and lymphatic system disorders” of midostaurin, “skin and 
subcutaneous tissue disorders” of sorafenib, and “investigations,” “blood and 
lymphatic system disorders,” and “infections and infestations” of gilteritinib were 
significant.

•  �Cytopenia was the most prominent AE associated with midostaurin in comparisons 
of midostaurin versus the full database, and electrocardiogram QT prolonged was 
the strongest signal in comparisons of midostaurin versus chemotherapy.

•  �In both comparisons of FLT3 inhibitors versus the full database and chemotherapy, 
the strongest safety signals of sorafenib and gilteritinib were palmar-plantar 
erythrodysesthesia syndrome and increased blast cell count, respectively.

•  �Gilteritinib exhibited the highest overall mortality rate, whereas sorafenib had the 
lowest.

Conclusion: We identified several significant AE signals that corresponded to previous 
studies. However, some AE signals were not mentioned in the drug instructions. The AE 
signals should be evaluated further based on real-world data in the future.
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Introduction
Acute myeloid leukemia (AML) is a hematopoietic 
malignancy characterized by cytogenetic and chro-
mosomal aberrations. Among the frequently 
mutated genes in AML, FMS-related tyrosine 
kinase 3 (FLT3) stands out, with mutations such as 
internal tandem duplications (FLT3-ITD) and 
tyrosine kinase domain mutations occurring in 
approximately 30% of patients newly diagnosed 
AML patients.1,2 FLT3 encodes a receptor-type 
tyrosine kinase critical for hematopoietic stem cell 
differentiation, proliferation, and survival.3 Patients 
with FLT3-ITD mutations have higher relapse 
rates and inferior survival rates, leading to their 
classification as adverse-risk according to the 2017 
European LeukemiaNet (ELN) risk stratification.4

FLT3 inhibitors are tyrosine kinase inhibitors that 
can be classified into first- and second-generation 
inhibitors based on their kinase specificity and 
potency. First-generation FLT3 inhibitors, includ-
ing sorafenib, tandutinib, sunitinib, midostaurin, 
and lestaurtinib, lack specificity for FLT3 and 

inhibit multiple downstream receptor tyrosine 
kinases.5 Second-generation FLT3 inhibitors, 
such as gilteritinib, specifically target FLT3 with 
greater selectivity and fewer off-target effects. To 
date, four drugs have been clinically used (midos-
taurin, sorafenib, sunitinib, and gilteritinib). 
Midostaurin is indicated for the treatment of adult 
patients with newly diagnosed AML that is FLT3 
mutation positive.6 Besides AML, sorafenib is 
used for hepatocellular carcinoma and thyroid car-
cinoma.6 Gilteritinib, the first United States Food 
and Drug Administration (FDA) approved sec-
ond-generation FLT3 inhibitor, is indicated for 
the treatment of relapsed or refractory AML and is 
recommended as a first-line treatment of AML in 
the National Comprehensive Cancer Network 
(NCCN) guidelines.6,7 Sunitinib is mainly used to 
treat patients with renal cell carcinoma and no 
patients with indications of AML were found in 
the database, which is different from other drugs 
and could potentially influence the study results. 
In this study, we investigated the safety signals of 
midostaurin, sorafenib, and gilteritinib.

https://journals.sagepub.com/home/taw
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An adverse event (AE) refers to any unfavorable 
and unintended signs, symptoms, or disease tem-
porally associated with the use of a medicine, 
whether or not related to the medicine. In early 
drug safety evaluations, midostaurin commonly 
causes grade 3 or higher AEs, such as anemia and 
rash. Sorafenib is associated with grade 3 or 
higher AEs, including fever, diarrhea, bleeding, 
cardiac events, hand-foot syndrome (HFS), and 
rash.8 Conversely, gilteritinib, commonly leads to 
serious cytopenia-related AEs, including febrile 
neutropenia, anemia, and thrombocytopenia.9 
With the increasing use of FLT3 inhibitors, more 
attention is being given to their AEs. Most safety 
studies on FLT3 inhibitors have been conducted 
as clinical trials, which may not fully reflect the 
safety issues that arise in real-world applications 
owing to their strict study designs.

A better understanding of the real-world safety 
profile of FLT3 inhibitors would improve patient 
compliance, reduce treatment interruptions, and 
lower treatment costs. The Food and Drug 
Adverse Event Reporting System (FAERS) is a 
publicly available database designed explicitly for 
post-marketing safety surveillance of all FDA-
approved drugs and therapeutic biological prod-
ucts.10 It enables the identification of potential 
associations between drugs and their AEs.11 
Given the increasing use of FLT3 inhibitors in 
clinical practice and the scarcity of evaluations of 
their adverse effects in real-world cohorts, we 
conducted a pharmacovigilance analysis to evalu-
ate the safety profile of available FLT3 inhibitors 
using the FAERS database.

Methods

Data sources and standardization
A retrospective pharmacovigilance study was 
conducted using the FAERS database, an essen-
tial tool for the FDA to detect AEs, which is rec-
ognized as one of the largest sources of drug safety 
information. FAERS data were downloaded from 
the website (https://open.fda.gov/data/faers/). 
The FAERS database comprises seven tables 
(DEMO, DRUG, REAC, OUTC, PRSR, 
THER, and INDI) containing demographic 
information, drug details, and AEs. For our 
study, we extracted relevant variables, such as pri-
maryid, caseid, drugname, and pt, covering the 
period from the first quarter of 2015 to the fourth 
quarter of 2022.

Before the data from FAERS could be utilized 
appropriately, it was necessary to address issues 
related to duplicate reports and inconsistent 
drug nomenclatures. To achieve this, we per-
formed a thorough cleaning and standardization 
process that involved removing duplicate 
records, merging data, and employing standard-
ized vocabulary and drug names mapped to the 
RxNorm concept using Medex_UIMA_1.8.3 
and MYSQL (version 15.0) of Oracle corpora-
tion. Drug names were categorized into generic 
names to facilitate a comprehensive search. Our 
analysis focused on reports where the drug was 
designated as the primary suspect, indicated by 
the restricted role code “ps.”

AE outcomes were classified into three categories 
using the outcome code “OUTC_COD”: Death 
(DE); major events including Life-Threatening 
(LT), Hospitalization (HO), and Disability (DS); 
and other significant medical events (OT). AEs in 
FAERS were coded using the preferred term 
(PT) from the standard Medical Dictionary for 
Regulatory Activities (MedDRA), which encom-
passes 27 system organ classes (SOCs). However, 
certain SOCs such as “injury, poisoning, and 
connective tissue disorders,” “surgical and medi-
cal procedures,” and “social circumstances” were 
excluded as they were considered nondrug-
related signals.

Statistical analysis
To identify potential safety signals for FLT3 
inhibitors, disproportionality analyses were per-
formed, including reporting odds ratio (ROR), 
proportional reporting ratio (PRR), and Bayesian 
confidence propagation neural network (BCPNN) 
analyses. The satisfaction of all three conditions 
was regarded as a significant safety signal, which 
helped mitigate false-positive signals. These anal-
yses utilized two-by-two contingency tables to 
compare the reported AE counts for FLT3 inhib-
itors and all other drugs. When the targeted drug 
was found to have a higher likelihood of causing a 
specific AE than all other drugs, the ROR and 
PRR scores were typically higher, owing to greater 
disproportionality. The BCPNN employs a prior 
belief that incorporates a beta distribution, and 
the strength of the association between the drug-
AE pair is defined by the information compo-
nent.12 Supplemental Tables 1 and 2 present the 
criteria and equations used for the algorithms 
mentioned above.

https://journals.sagepub.com/home/taw
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This study conformed to the STROBE statement.13 
All data were imported and extracted using MySQL 
15.0 of Oracle Corporation and Navicat Premium 
15 of PremiumSoft CyberTech Limited Company, 
and statistical analyses were performed using 
Microsoft Excel 2021.

Results

Descriptive analysis
From the first quarter of 2015 to the fourth quar-
ter of 2022, 55,393 AE reports were recorded, of 
which 5938, 44,013, and 5442 were attributed to 
midostaurin, sorafenib, and gilteritinib, respec-
tively, as the primary suspected drugs. Table 1 
summarizes the clinical characteristics of patients 
associated with FLT3 inhibitors. The age range 
of patients using midostaurin and sorafenib was 
primarily focused on 45–74 years old (42.58% 
and 66.37%, respectively), whereas gilteritinib 
was more commonly used in children under 
18 years of age than the other two drugs (25.62% 
vs 3.74% and 1.97%, respectively). Sorafenib was 
administered to more male patients than female 
patients (64.90% vs 31.96%). Medical staff con-
stituted the main group of reporters for all three 
drugs (66.42%, 49.39%, and 65.29%, respec-
tively). Reports on midostaurin and sorafenib 
were predominantly from the United States, 
whereas reports on gilteritinib mainly originated 
in Japan.

Analysis of SOCs disproportionality
To assess the adverse effects of FLT3 inhibitors, 
firstly, we compared FLT3 inhibitors with the full 
database. In the disproportionality analysis of 
SOCs, significant safety signals were identified. 
For midostaurin, sorafenib, and gilteritinib, the 
significant safety signals were blood and lym-
phatic system disorders (ROR: 6.5, 95% CI: 5.9–
7.1) and hepatobiliary disorders (ROR: 2.6, 95% 
CI: 2.2–3.2); skin and subcutaneous tissue disor-
ders (ROR: 2.5, 95% CI: 2.4–2.6) and hepatobil-
iary disorders (ROR: 3.1, 95% CI: 2.9–3.3); and 
investigations (ROR: 3.2, 95% CI: 2.9–3.4), 
blood and lymphatic system disorders (ROR: 9.8, 
95% CI: 9.0–10.5), infections and infestations 
(ROR: 2.5, 95% CI: 2.3–2.7), and hepatobiliary 
disorders (ROR: 6.0, 95% CI: 5.2–6.8). These 
findings are presented in Table 2. Blood and lym-
phatic system disorders and hepatobiliary disor-
ders were common to midostaurin and gilteritinib. 

Hepatobiliary disorders were common among the 
three drugs.

AE signal analysis
Further analysis was performed at the PT level to 
explore the association between each PT and dif-
ferent drugs. The top 50 AE signals, ranked 
according to frequency, are listed in Table 3. We 
considered the ROR as an indicator, and we 
found some AE not listed in the drug specifica-
tion, such as bone marrow failure, graft-versus-
host disease, and tumor lysis syndrome (TLS). In 
the analysis of drug-AE associations with FLT3 
inhibitors, the frequent adverse safety signals for 
midostaurin included nausea, vomiting, and 
pyrexia. The highest ROR was observed for cyto-
penia, bone marrow failure, and graft-versus-host 
disease. For sorafenib, frequent adverse safety 
signals included diarrhea, fatigue, and palmar-
plantar erythrodysesthesia syndrome, with the 
highest ROR observed for palmar-plantar eryth-
rodysesthesia syndrome. Gilteritinib showed fre-
quent adverse safety signals, such as platelet 
count decreased, pyrexia, and hepatic function 
abnormal. Among these signals, blast cell count 
increase was the strongest signal observed, despite 
the limited number of available records (n = 43). 
This was followed by cytopenia, graft-versus-host 
disease, and myelosuppression. These results 
were consistent with the SOC levels, and strong 
signals were observed for gilteritinib and midos-
taurin, but not significant for sorafenib.

To further assess the AE associated with FLT3 
inhibitors, we compared the significant signals 
observed in Table 3 with those of chemotherapy. 
Surprisingly, the signal strengths of electrocardio-
gram QT prolongation, gastrointestinal hemor-
rhage, cerebral hemorrhage, and white blood cell 
count increase associated with midostaurin were 
found to be significantly higher than those versus 
the full database. The ROR values of sorafenib 
versus chemotherapy, compared with sorafenib 
versus the full database, indicated that none of 
the signals showed increased signal strength; 
however, palmar-plantar erythrodysesthesia syn-
drome, decreased appetite, hypertension, diar-
rhea, and hepatic function remained significant. 
The signal strengths of electrocardiogram QT 
prolongation, renal impairment, increased blood 
creatine phosphokinase, increased blast cell 
count, gastrointestinal hemorrhage, increased 
white blood cell count, and cerebral hemorrhage 

https://journals.sagepub.com/home/taw
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Table 1.  Information of patients with reported adverse events associated with FLT3 inhibitors.

Characteristics Midostaurin Sorafenib Gilteritinib

Number of reports, n 5938 44,013 5442

Gender, n (%)

  Male 2931 (42.6) 28,565 (64.9) 2510 (46.1)

  Female 2532 (49.4) 14,065 (32.0) 2634 (48.4)

  Unknown or missing 474 (8.0) 1374 (3.1) 298 (5.5)

Age (years), n (%)

  <18 222 (3.7) 865 (2.0) 1394 (25.6)

  18–44 560 (9.4) 2450 (6.0) 710 (13.0)

  45–64 1606 (27.0) 15,913 (36.2) 916 (17.7)

  65–74 922 (15.5) 13,298 (30.2) 882 (16.2)

  ⩾75 611 (10.3) 6678 (15.2) 944 (17.4)

  Unknown or missing 2017 (34.0) 4809 (10.9) 551 (10.1)

Reporter, n (%)

  Medical staff 3943 (66.4) 21,740 (49.4) 3553 (65.3)

  Nonmedical staff 1358 (22.9) 17,780 (40.4) 1633 (30.0)

  Unknown or missing 637 (10.7) 4493 (10.2) 256 (4.7)

Reporting year, n (%)

  2022 789 (13.3) 2058 (4.7) 1653 (30.4)

  2021 1346 (22.7) 3029 (6.9) 1930 (35.5)

  2020 1200 (20.2) 4055 (9.2) 1115 (20.5)

  2019 1086 (18.3) 5982 (13.6) 737 (13.5)

  2018 958 (16.1) 9518 (21.6) 7(0.1)

  2017 557 (9.4) 7053 (16.0) —

  2016 2 (<0.1) 6161 (14.0) —

  2015 — 6160 (14.0) —

Indication, n (%)

  Acute myeloid leukemia 3017 (50.8) 1283 (2.9) 2961 (54.4)

 � Acute myeloid leukemia 
recurrent/refractory

12 (0.2) 214 (0.5) 1645 (30.2)

  Systemic mastocytosis 1176 (19.8) — —

  Hepatocellular carcinoma — 29,883 (67.9) —

  Others 394 (6.6) 11,975 (27.2) 253 (4.6)

  Unknown or missing 1366 (23.0) 2155 (4.9) 583 (10.7)

Occurred country, n (%)

  Japan 2 (0.0) 4525 (10.3) 3405 (62.6)

  United States 2049 (34.5) 15,148 (34.4) 771 (14.2)

  Germany 364 (6.1) 418(<0.1) 144 (2.6)

FLT3, FMS-related tyrosine kinase 3.

https://journals.sagepub.com/home/taw
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Table 3.  Top 50 AEs induced by FLT3 inhibitors.

PT Midostaurin Sorafenib Gilteritinib

Records ROR Records ROR Records ROR

Diarrhea 126 •2.0 (1.7–2.4) 1426 •3.0 (2.9–3.2) 43 •0.8 (0.6–1.0)

Fatigue 49 •0.6 (0.5–0.8) 965 •1.6 (1.5–1.7) 18 •0.2 (0.2–0.4)

Palmar-plantar 
erythrodysesthesia 
syndrome

— — 944 •59.1 (55.3–63.2) — —

Nausea 222 •3.2 (2.8–3.7) 636 •1.2 (1.1–1.3) 32 •0.5 (0.4–0.7)

Decreased appetite 19 •0.8 (0.5–1.3) 829 •4.9 (4.5–5.2) 14 •0.7 (0.4–1.2)

Pyrexia 129 •4.0 (3.4–4.8) 375 •1.5 (1.4–1.7) 160 •5.4 (4.6–6.4)

Rash 47 •1.2 (0.9–1.6) 528 •1.8 (1.6–2.0) 62 •1.7 (1.3–2.1)

Vomiting 134 •3.4 (2.9–4.0) 443 •1.5 (1.3–1.6) 13 •0.4 (0.2–0.6)

Hypertension 11 •0.6 (0.3–1.0) 448 •3.1 (2.8–3.4) 19 •1.0 (0.7–1.6)

Platelet count decreased 66 •6.1 (4.8–7.8) 157 •2.0 (1.7–2.3) 195 •19.7 (17.1–22.8)

Pneumonia 105 •3.4 (2.8–4.1) 129 •0.5 (0.5–0.6) 136 •4.9 (5.8–4.1)

Table 2.  Detected significant safety signals on the system organ class level.

System organ class Count, n (%) ROR (95% CI) PRR (χ2) IC (IC025)

Midostaurin

 � Blood and lymphatic 
system disorders

556 (9.4) 6.5 (5.9–7.1) 6.0 (2329.8) 2.6 (2.4)

 � Hepatobiliary disorders 123 (2.1) 2.6 (2.2–3.2) 2.6 (122.9) 1.4 (1.1)

Sorafenib

 � Skin and subcutaneous 
tissue disorders

5464 (12.4) 2.5 (2.4–2.6) 2.3 (4205.6) 1.2 (1.2)

 � Hepatobiliary disorders 1074 (2.4) 3.1 (2.9–3.3) 3.1 (1508.2) 1.6 (1.5)

Gilteritinib

  Investigations 945 (17.4) 3.2 (2.9–3.4) 2.8 (1150.6) 1.5 (1.4)

 � Blood and lymphatic 
system disorders

733 (13.5) 9.8 (9.0–10.5) 8.8 (4976.8) 3.1 (3.0)

 � Infections and 
infestations

676 (12.4) 2.5 (2.3–2.7) 2.3 (514.0) 1.2 (1.1)

 � Hepatobiliary disorders 248 (4.6) 6.0 (5.2–6.8) 5.7 (977.2) 2.5 (2.3)

IC, information component; IC025, the lower limit of 95% CI of the IC; PRR, proportional reporting ratio; PRR, proportional 
reporting ratio; PT, preferred term; ROR, reporting odds ratio; χ2, chi-squared.

(Continued)
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PT Midostaurin Sorafenib Gilteritinib

Records ROR Records ROR Records ROR

Malaise 57 •1.2 (1.0–1.6) 276 •0.8 (0.7–0.9) 22 •0.6 (0.4–0.9)

Dyspnea 43 •0.8 (0.6–1.1) 281 •0.7 (0.6–0.8) 21 •0.4 (0.3–0.7)

Anemia 53 •3.1 (2.3–4.0) 170 •1.3 (1.1–1.5) 76 •5.0 (4.0–6.2)

Hepatic function abnormal 7 •2.1 (1.0–4.3) 113* •4.6 (3.9–5.6) 140 •46.4 (39.2–55.0)

General physical health 
deterioration

22 •2.1 (1.4–3.2) 211 •2.8 (2.4–3.2) 24 •2.4 (1.6–3.6)

Thrombocytopenia 91 •9.3 (7.6–11.4) 89 •1.2 (1.0–1.5) 58 •6.6 (5.1–8.5)

Febrile neutropenia 91 •14.9 (12.1–18.4) 27 •0.6 (0.4–0.9) 107 •19.1 (15.8–23.2)

Infection 49 •3.4 (2.6–4.5) 76 •0.7 (0.6–0.9) 80 •6.0 (4.8–7.4)

Sepsis 77 •7.6 (6.0–9.5) 57 •0.7 (0.6–1.0) 54 •6.0 (4.6–7.9)

Cytopenia 37 •28.5 (20.6–39.4) 18 •2.0 (1.2–3.1) 124 •97.4 (81.4–116.6)

Neutropenia 80 •6.2 (5.0–7.7) 31 •0.3 (0.2–0.5) 59 •4.8 (3.7–6.1)

Myelosuppression 10 •5.3 (2.8–9.9) 19 •1.6 (1.0–2.6) 139 •60.7 (51.2–71.9)

Hemoglobin decreased 31 •3.2 (2.3–4.6) 102 •1.4 (1.2–1.7) 17 •2.0 (1.2–3.1)

Liver disorder 9 •2.3 (1.2–4.4) 83* •2.9 (2.3–3.5) 54 •15.0 (11.5–19.6)

White blood cell count 
decreased

33 •2.8 (2.0–4.0) 53 •0.6 (0.5–0.8) 59 •5.4 (4.2–7.0)

Aspartate 
aminotransferase 
increased

14 •3.4 (2.0–5.8) 99* •3.3 (2.7–4.0) 31 •8.4 (5.9–11.9)

Bone marrow failure 42* •19.1 (14.1–26.0) 53* •3.2 (2.5–4.2) 45* •26.3 (19.6–35.3)

Alanine aminotransferase 
increased

13 •2.6 (1.5–4.4) 93* •2.5 (2.0–3.1) 26 •5.7 (3.9–8.4)

Neutrophil count 
decreased

14 •3.4 (2.0–5.7) 12 •0.4 (0.2–0.7) 104 •26.5 (21.8–32.2)

Pancytopenia 39 •8.7 (6.3–12.0) 34 •1.0 (0.7–1.4) 53 •13.2 (10.1–17.3)

Gastrointestinal 
hemorrhage

20 •2.4 (1.5–3.6) 65 •0.9 (0.7–1.1) 29 •4.8 (3.3–6.8)

Renal impairment 6 •0.7 (0.3–1.5) 53 •0.8 (0.6–1.1) 52 •6.3 (4.8–8.2)

Electrocardiogram QT 
prolonged

24 •6.9 (4.6–10.3) 8 •0.3 (0.2–0.6) 62 •20.1 (15.6–25.8)

Blood creatinine 
increased

8 •1.4 (0.7–2.7) 56 •1.3 (1.0–1.7) 24 •4.4 (2.9–6.6)

Cardiac failure 26 3.6 (2.4–5.2) 37 •0.7 (0.5–1.0) 20 •3.1 (2.0–4.8)

(Continued)

Table 3. (Continued)
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PT Midostaurin Sorafenib Gilteritinib

Records ROR Records ROR Records ROR

Edema 9 •2.0 (1.1–4.0) 37 •1.0 (0.8–1.4) 19* •5.0 (3.2–7.8)

Blood creatine 
phosphokinase increased

— — 16 •1.1 (0.7–1.8) 48 •28.4 (21.4–37.8)

Graft-versus-host disease 10* •17.0 (9.1–31.6) 12* •2.8 (1.6–5.0) 33* •61.5 (43.6–86.7)

Cerebral hemorrhage 8* •2.6 (1.3–5.1) 23 •0.9 (0.6–1.4) 24* •9.4 (6.3–14.1)

Blood lactate 
dehydrogenase increased

— — 10 •1.1 (0.6–2.0) 43* •41.4 (30.6–55.9)

White blood cell count 
increased

7 •2.1 (1.0–4.4) 16 •0.6 (0.4–1.0) 25 •8.6 (5.8–12.7)

Tumor lysis syndrome 3* •3.3 (1.1–10.3) 21* •3.3 (2.2–5.1) 23* •27.0 (17.9–40.7)

Liver function tests 
increased

4 •1.4(0.5–3.6) 23 •1.2 (0.8–1.8) 18 •7.0 (4.4–11.2)

Blast cell count increased — — — — 43 •406.7 (556.2–297.4)

Disseminated 
intravascular coagulation

— — 15 •1.9 (1.1–3.1) 23* •26.1 (17.3–39.3)

Bacteremia 10 •9.0 (4.9–16.8) 3 •0.4 (0.1–1.2) 24 •23.6 (15.8–35.2)

Interstitial lung disease 9 •1.9 (1.0–3.7) 9 •0.3 (0.1–1.5) 18 •4.2 (2.6–6.6)

Therapeutic response 
decreased

12* •2.4 (1.4–4.3) 5 •0.1 (0.0–0.3) 17* •3.9 (2.4–6.2)

Bronchopulmonary 
aspergillosis

8 •10.1 (5.1–20.3) — — 18* •24.0 (15.1–38.2)

•ROR < 2; •ROR ≥ 2; •ROR ≥ 10; •ROR ≥ 20.
*Represents adverse events which ROR ≥ 2 and not listed in specification.
AE, adverse event; FLT3, FMS-related tyrosine kinase 3; PT, preferred term; ROR, reporting odds ratio.

Table 3. (Continued)

associated with gilteritinib were found to be sig-
nificantly higher than those compared to the full 
database. Regardless of comparing FLT3 inhibi-
tors with the full database and chemotherapy, the 
strongest safety signals for sorafenib and gilteri-
tinib were palmar-plantar erythrodysesthesia syn-
drome and increased blast cell count, respectively 
(Tables 4–6).

Outcomes and mortality rates associated with 
FLT3 inhibitors
Gilteritinib had the highest percentage of overall 
deaths among the studied drugs (30.28%), 
whereas sorafenib had the lowest percentage of 
overall deaths (23.06%; Figure 1). Safety 

concerns associated with FLT3 inhibitors 
prompted further analysis of the potential causes 
of fatality.

The most common AEs associated with overall 
death in patients administered midostaurin, 
sorafenib, and gilteritinib were sepsis, pneumo-
nia, and diarrhea (Figure 2); diarrhea, asthenia, 
and decreased appetite (Figure 3); and pneumo-
nia, pyrexia, and abnormal hepatic function 
(Figure 4), respectively.

Discussion
Pharmacovigilance data mining from the post-
marketing AE database could provide valuable 
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Table 4.  Comparisons of midostaurin with the full database and chemotherapy.

PT of midostaurin Midostaurin versus full database Midostaurin versus chemotherapy

Nausea 3.2 (2.8–3.7) 2.0 (1.7–2.2)

Vomiting 3.4 (2.9–4.0) 2.0 (1.7–2.4)

Pyrexia 4.0 (3.4–4.8) 2.4 (2.0–2.9)

Pneumonia 3.4 (2.8–4.1) 2.8 (2.3–3.4)

Thrombocytopenia 9.3 (7.6–11.4) 2.1 (1.7–2.5)

Febrile neutropenia 14.9 (12.1–18.4) 1.5 (1.2–1.8)

Neutropenia 6.2 (4.9–7.7) 1.4 (1.1–1.7)

Sepsis 7.6 (6.0–9.5) 2.8 (2.2–3.4)

Platelet count decreased 6.1 (4.8–7.8) 4.1 (3.2–5.3)

Anemia 3.1 (2.3–4.0) 1.2 (0.9–1.5)

Infection 3.4 (2.6–4.5) 1.9 (1.4–2.5)

Bone marrow failure 19.1 (14.1–25.9) 2.5 (1.8–3.4)

Pancytopenia 8.7 (6.4–11.9) 1.3 (0.9–1.8)

Cytopenia 28.5 (20.6–39.4) 6.4 (4.6–9.0)

White blood cell count decreased 2.8 (2.0–4.0) 1.7 (1.2–2.4)

Hemoglobin decreased 3.2 (2.3–4.6) 3.1 (2.2–4.4)

Cardiac failure 3.56 (2.4–5.2) 2.3 (1.5–3.4)

Electrocardiogram QT prolonged 6.90 (4.6–10.3) 18.1 (11.8–27.8) ↑

General physical health deterioration 2.09 (1.4–3.2) 1.0 (0.7–1.5)

Gastrointestinal hemorrhage 2.35 (1.5–3.6) 3.8 (2.4–5.9) ↑

Aspartate aminotransferase increased 3.43 (2.0–5.8) 2.1 (1.2–3.6)

Neutrophil count decreased 3.38 (2.0–5.7) 1.2 (0.7–2.1)

Alanine aminotransferase increased 2.58 (1.5–4.4) 1.4 (0.8–2.4)

Therapeutic response decreased 2.43 (1.4–4.3) 1.5 (0.9–2.7)

Graft-versus-host disease 17.0 (9.1–31.6) 6.1 (3.2–11.5)

Myelosuppression 5.3 (2.8–9.9) 0.6 (0.3–1.1)

Bacteremia 9.0 (4.9–16.8) 2.6 (1.4–4.8)

Liver disorder 2.3 (1.2–4.4) 1.1 (0.6–2.1)

Edema 2.0 (1.1–3.9) 1.8 (1.0–3.6)

Cerebral hemorrhage 2.6 (1.3–5.1) 4.3 (2.1–8.8) ↑

Bronchopulmonary aspergillosis 10.1 (5.1–20.3) 3.1 (1.5–6.2)

White blood cell count increased 2.1 (1.0–4.4) 2.4 (1.2–5.2) ↑

Tumor lysis syndrome 3.3 (1.1–10.3) 0.5 (0.2–1.6)

Data are RORs (95% CI) of PT of midostaurin compared with the full database and chemotherapy; Bold text: ROR of midostaurin versus 
chemotherapy  ≥ 2 and the lower limit of 95% CI > 1; ↑: ROR of midostaurin versus chemotherapy higher than midostaurin versus full database.
PT, preferred term; ROR, reporting odds ratio.
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Table 6.  Comparisons of gilteritinib with the full database and chemotherapy.

PT of gilteritinib Gilteritinib versus full database Gilteritinib versus chemotherapy

Platelet count decreased 19.7 (17.1–22.8) 13.7 (11.8–15.6)

Pyrexia 5.42 (4.6–6.4) 3.2 (2.8–3.8)

Hepatic function abnormal 46.4 (39.2–55.0) 21.9 (18.2–26.3)

Myelosuppression 60.7 (51.2–71.9) 7.2 (6.0–8.5)

Pneumonia 4.9 (5.8–4.1) 4.0 (3.3–4.7)

Cytopenia 97.4 (81.4–116.6) 23.3 (19.1–28.3)

Febrile neutropenia 19.1 (15.8–23.2) 1.8 (1.5–2.2)

Neutrophil count decreased 26.5 (21.8–32.2) 9.7 (7.9–11.8)

Infection 6.0 (4.8–7.4) 3.4 (2.7–4.3)

Anemia 5.0 (4.0–6.2) 1.8 (1.5–2.3)

Electrocardiogram QT prolonged 20.1 (15.6–25.8) 50.3 (37.2–68.1) ↑

Neutropenia 4.8 (3.7–6.2) 1.2 (0.9–1.5)

Table 5.  Comparisons of sorafenib with the full database and chemotherapy.

PT of sorafenib Sorafenib versus full database Sorafenib versus chemotherapy

Diarrhea 3.0 (2.9–3.2) 2.1 (2.0–2.3)

Palmar-plantar 
erythrodysesthesia syndrome

59.1 (55.3–63.2) 5.3 (5.0–5.7)

Decreased appetite 4.9 (4.5–5.2) 3.9 (3.6–4.2)

Hypertension 3.1 (2.8–3.4) 3.0 (2.8–3.4)

General physical health 
deterioration

2.8 (2.4–3.2) 1.3 (1.2–1.5)

Hepatic function abnormal 4.6 (3.9–5.6) 2.1 (1.7–2.6)

Aspartate aminotransferase 
increased

3.3 (2.7–4.0) 1.9 (1.6–2.4)

Alanine aminotransferase 
increased

2.5 (2.0–3.1) 1.3 (1.0–1.6)

Liver disorder 2.9 (2.3–3.5) 1.4 (1.1–1.8)

Bone marrow failure 3.2 (2.5–4.2) 0.4 (0.3–0.5)

Tumor lysis syndrome 3.3 (2.2–5.1) 0.5 (0.3–0.8)

Graft-versus-host disease 2.8 (1.6–5.0) 1.0 (0.6–1.8)

Data are RORs (95% CI) of PT of sorafenib compared with the full database and chemotherapy; Bold text: ROR of sorafenib 
versus chemotherapy  ≥ 2 and the lower limit of 95% CI > 1.
PT, preferred term; ROR, reporting odds ratio.

(Continued)
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PT of gilteritinib Gilteritinib versus full database Gilteritinib versus chemotherapy

White blood cell count decreased 5.4 (4.2–7.0) 3.3 (2.5–4.2)

Thrombocytopenia 6.6 (5.1–8.5) 1.5 (1.2–2.0)

Liver disorder 15.0 (11.5–19.6) 7.5 (5.6–9.8)

Sepsis 6.1 (4.6–7.9) 2.2 (1.7–2.9)

Pancytopenia 13.2 (10.1–17.3) 2.0 (1.5–2.6)

Renal impairment 6.3 (4.8–8.24) 6.4 (4.8–8.5) ↑

Blood creatine phosphokinase 
increased

28.4 (21.4–37.8) 56.8 (40.0–80.7) ↑

Bone marrow failure 26.3 (19.6–35.3) 3.4 (2.5–4.6)

Blood lactate dehydrogenase 
increased

41.4 (30.6–55.9) 20.9 (15.1–29.0)

Blast cell count increased 406.7 (556.2–297.4) 771.2 (328.1–1812.7) ↑

Graft-versus-host disease 61.5 (43.6–86.7) 22.6 (15.5–32.9)

Aspartate aminotransferase 
increased

8.4 (5.9–11.9) 5.4 (3.8–7.7)

Gastrointestinal hemorrhage 4.8 (3.3–6.8) 6.8 (4.6–9.8) ↑

Alanine aminotransferase 
increased

5.7 (3.9–8.4) 3.1 (2.1–4.6)

White blood cell count increased 8.6 (5.8–12.7) 9.8 (6.5–14.8) ↑

General physical health 
deterioration

2.4 (1.6–3.6) 1.1 (0.7–1.6)

Blood creatinine increased 4.4 (2.9–6.6) 4.1 (2.7–6.2)

Cerebral hemorrhage 9.4 (6.3–14.1) 15.4 (10.0–23.6) ↑

Bacteremia 23.6 (15.8–35.2) 6.6 (4.4–10.0)

Tumor lysis syndrome 27.0 (17.9–40.7) 4.5 (3.0–6.9)

Disseminated intravascular 
coagulation

26.1 (17.3–39.3) 9.2 (6.0–14.0)

Cardiac failure 3.1 (2.0–4.8) 2.0 (1.2–3.0)

Edema 5.0 (3.2–7.8) 4.9 (3.1–7.7)

Liver function test increased 7.0 (4.4–11.2) 1.4 (0.9–2.3)

Interstitial lung disease 4.2 (2.6–6.6) 1.0 (0.6–1.6)

Bronchopulmonary aspergillosis 24.0 (15.1–38.1) 7.6 (4.7–12.4)

Therapeutic response decreased 3.9 (2.4–6.2) 2.4 (1.5–3.8)

Data are RORs (95% CI) of PT of gilteritinib compared with the full database and chemotherapy; Bold text: ROR of 
gilteritinib versus chemotherapy  ≥ 2 and the lower limit of 95% CI > 1; ↑: ROR of gilteritinib versus chemotherapy higher 
than gilteritinib versus full database.
PT, preferred term; ROR, reporting odds ratio.

Table 6. (Continued)
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Figure 2.  Number of reports and fatalities of the top 20 AEs associated with midostaurin according to overall 
death reports.
AE, adverse event.

Figure 1.  Outcomes for adverse events associated with FLT3 inhibitors.
DE, death, DS, disability; FLT3, FMS-related tyrosine kinase 3; HO, hospitalization; LT, life-threatening; OT, other.
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Figure 3.  Number of reports and fatalities of the top 20 AEs associated with sorafenib according to overall 
death reports.
AE, adverse event.

Figure 4.  Number of reports and fatalities of the top 20 AEs associated with gilteritinib according to overall 
death reports.
AE, adverse event.
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Supplemental Information to drug instructions 
due to the limited preclinical data.14 Our study 
first analyzed the potential link between FLT3 
inhibitors and AEs based on FAERS and further 
compared the safety of midostaurin, sorafenib, 
and gilteritinib. Compared with the full database, 
the level of organ systems showed that hepatobil-
iary disorders were associated with all three drugs, 
while blood and lymphatic system disorders were 
common to midostaurin and gilteritinib. Sorafenib 
showed significant safety signals in the skin and 
subcutaneous tissue disorders.

Regarding hepatobiliary disorders, three drugs all 
exhibited significant signals of abnormal hepatic 
function compared with the full database. In a 
phase III trial of gilteritinib for relapsed or refrac-
tory FLT3-mutated AML,15 41.9% of patients 
experienced increased alanine aminotransferase 
levels, and 40.2% of patients experienced 
increased aspartate aminotransferase levels, 
which were notably higher than those in the 
chemotherapy group. Hepatobiliary disease and 
increased transaminase levels were also the most 
frequent AEs resulting in the discontinuation of 
midostaurin.16 In a drug-induced liver injury 
(DILI) AE analysis,17 sorafenib was most fre-
quently associated with DILI based on the 
Japanese Adverse Event Reporting (JADER) 
database. The mechanism underlying hepatobil-
iary disorders remains unclear but may be attrib-
uted to the fact that FLT3 inhibitors are primarily 
metabolized by the liver. Considering that most 
patients treated with midostaurin and sorafenib 
were older adults, the concentrations may accu-
mulate in older adults owing to decreased metab-
olism, increasing the risk of hepatic toxicity. The 
predominant use of sorafenib in hepatocellular 
carcinoma may have introduced potential bias in 
the study results. The age distribution of gilteri-
tinib was more common in children and young 
people. However, both the comparison of gilteri-
tinib versus the full database and chemotherapy 
indicated that liver disorders showed a strong sig-
nal strength, indicating that gilteritinib probably 
carries a high risk of hepatotoxicity.

Both midostaurin and gilteritinib demonstrated 
significant signals for blood system disorders. PT 
level analysis compared with the full database 
revealed that cytopenia, febrile neutropenia, bone 
marrow failure, and graft-versus-host disease 
were common strong AE signals for midostaurin 
and gilteritinib, consistent with the results of 

clinical trials. This study highlights that the main 
toxic effect of midostaurin and gilteritinib is mye-
losuppression. Gotlib et  al.18 reported that the 
most common grade 3 or higher AEs of midos-
taurin were hematological abnormalities, with 
neutropenia, anemia, and thrombocytopenia 
occurring in 41%, 24%, and 29% of patients, 
respectively. In the phase III ADMIRAL study,15 
the most common grade 3 or higher AEs in the 
gilteritinib group were febrile neutropenia 
(45.9%), anemia (40.7%), and thrombocytope-
nia (22.8%). Notably, the results, compared with 
those of chemotherapy, showed that midostaurin 
and gilteritinib had a higher risk of gastrointesti-
nal and cerebral hemorrhage, which may be influ-
enced by cytopenia. Considering that midostaurin 
and gilteritinib are primarily used to treat AML, 
blood system disorders may be influenced by pri-
mary disease progression.

Furthermore, cardiac disorders are notable AEs 
associated with midostaurin and gilteritinib. 
Comparisons of midostaurin and gilteritinib ver-
sus the full database and chemotherapy showed 
strong signal strengths in electrocardiogram QT 
prolongation. The QTc interval represents the 
time between depolarization and repolarization of 
ventricular myocytes, and QT intervals >440 ms 
are considered pathologically prolonged.19 QT 
prolongation has been identified as the dose- 
limiting toxicity of these drugs, leading to dose 
modification or treatment discontinuation.20 
McMahon and Perl21 reported that QT prolonga-
tion occurred in 13% of midostaurin-treated 
patients and 4% of gilteritinib-treated patients. 
Kim et  al.22 suggested that the cardiotoxicity 
associated with FLT3 inhibitors may be attrib-
uted to the expression of FLT3 and FLT3 ligands 
in cardiomyocytes and proposed that the activa-
tion of FLT3 signaling may serve as a cardiopro-
tective anti-apoptotic system.

Most AEs associated with sorafenib were grade 
1–2. Regardless of the comparisons between 
sorafenib and the full database or sorafenib and 
chemotherapy, palmar-plantar erythrodysesthesia 
syndrome remained the strongest AE signal. 
Palmar-plantar erythrodysesthesia syndrome, 
also known as HFS, is a dose-limiting cutaneous 
toxicity of sorafenib. The clinical characteristics 
of patients with HFS include a decreased sensa-
tion of temperature and pain and well-demar-
cated plaques of palmoplantar erythema and 
edema.23 Clinical trials have reported HFS in 
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10%–62% of sorafenib-treated patients.24 In 
addition to inhibiting FLT3, sorafenib is a vascu-
lar endothelial growth factor receptor inhibitor, 
which may contribute to the occurrence of HFS.25 
The correlation of sorafenib with the risk of HFS 
requires further clinical studies.

In addition to the safety signals shared with 
midostaurin, gilteritinib exhibited a higher risk of 
decreased neutrophil count, increased blast cell 
count, increased blood creatine phosphokinase, 
disseminated intravascular coagulation (DIC), 
and TLS. In both comparisons of gilteritinib ver-
sus the full database and chemotherapy, the 
strongest safety signal associated with gilteritinib 
was increased blast cell count. It is likely related 
to the progression of the primary disease because 
gilteritinib is indicated for the treatment of 
relapsed or refractory AML, which has a higher 
risk of progress. DIC and TLS were not men-
tioned in the drug instructions, and they showed 
significant signals in our results. In a study of 
gilteritinib in 24 Japanese patients with AML,26 9 
patients experienced increased blood creatine 
phosphokinase levels, 3 patients developed DIC, 
and 1 patient in the 120-mg dose group experi-
enced TLS. Increased blood creatine phosphoki-
nase and TLS were found to be dose-dependent, 
warranting dose reduction or delay when neces-
sary. Gilteritinib was also associated with 
decreased platelet count (ROR: 19.7, 95% CI: 
17.1–22.8). The connection between DIC, TLS, 
and gilteritinib needed to be verified with more 
clinical studies.

Some AEs associated with FLT3 inhibitors were 
fatal, which is a critical concern in clinical prac-
tice. In contrast to previous studies that demon-
strated that first-generation inhibitors (sorafenib 
and midostaurin) are less specific for FLT3 and 
have more off-target toxicities,27 our study found 
that sorafenib exhibited greater safety among the 
three drugs studied, with the lowest overall death 
percentage (23.06%). In contrast, gilteritinib had 
the highest percentage (30.28%). However, 
gilteritinib is approved by the FDA and the 
European Medicines Agency (EMA) for treating 
adult patients who have relapsed or refractory 
AML with an FLT3 mutation, while midostaurin 
is indicated for treating newly diagnosed AML.6,28 
The prognosis in relapsed or refractory AML is 
generally poor, which may cause the highest fatal 
rate of gilteritinib.15 Pneumonia and sepsis were 

the major causes of overall death associated with 
midostaurin and gilteritinib. Usuki et  al.26 
reported pneumonia as a drug-related AE leading 
to discontinuation of gilteritinib. In the Tomlinson 
study,29 grade 3 infectious events were common, 
occurring in 42% of patients treated with midos-
taurin. Both midostaurin and gilteritinib can 
cause myelosuppression, increasing the risk of 
infection. A case study by Gozzo et al.27 reported 
the death of a 38-year-old female patient who 
received gilteritinib treatment. The patient devel-
oped a fever, and blood analysis revealed severe 
pancytopenia, eventually leading to carbapene-
mase-producing Klebsiella pneumoniae bacteremia 
and multi-organ failure, resulting in the patient’s 
death 4 months after gilteritinib treatment. For 
sorafenib, the most common cause of overall 
death was diarrhea. Cheng et al.30 reported that 
diarrhea was the most frequently reported grade 
3/4 drug-related AE (6.0%) after sorafenib treat-
ment. Diarrhea can lead to severe complications, 
including dehydration, malnutrition, renal insuf-
ficiency, and an increased risk of infection, posing 
a life-threatening situation for patients. The 
pathogenesis of sorafenib-induced diarrhea 
remains under investigation; however, it is 
believed to involve multiple mechanisms. One 
theory suggests that inhibition of epidermal 
growth factor receptors may inhibit epithelial 
repair.31 Probiotics may be effective in preventing 
or treating chemotherapy- and radiotherapy-
induced diarrhea.32

Limitations
This study had several limitations. First, FAERS 
is a spontaneous reporting system that does not 
require a causal relationship between a drug and 
an adverse drug reaction,14,33 and the ROR and 
PRR are merely indicators of signal strength and 
cannot reflect direct causality.34 Second, AEs 
influenced by the primary disease could not be 
eliminated, which may have resulted in the overes-
timating of certain relevant positive adverse sig-
nals.35 Further, the distribution of the AEs may be 
affected by the differences in populations using 
the studied drug. Lastly, owing to the limited mar-
keting time, our study only analyzed and com-
pared the safety signals of midostaurin, sorafenib, 
and gilteritinib. Therefore, more clinical studies 
and long-term data are needed to validate these 
results and further understand the safety profile of 
FLT3 inhibitors in future research.
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Conclusion
In conclusion, utilizing the FAERS database to 
mine AE signals provides a method for analyzing 
the safety of FLT3 inhibitors in post-marketing. 
Our study aimed to identify safety signals linked 
to FLT3 inhibitors. All the three drugs examined 
in this study were associated with hepatobiliary 
disorders. Patients receiving gilteritinib and 
midostaurin treatment demonstrated a higher 
susceptibility to blood system disorders, infec-
tions, and cardiac disorders, whereas sorafenib 
use was more likely to result in skin and subcuta-
neous tissue disorders. Our study showed DIC 
and TLS might associate with the treatment of 
gilteritinib. DIC and TLS were not mentioned in 
the drug instructions, which require further inves-
tigation. Our study could increase awareness of 
the potential drug-related risks associated with 
the use of FLT3 inhibitors. However, AE signals 
detected from FAERS require follow-up studies 
based on real-world data and our study could 
provide a direction for further research.
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