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Abstract
Background  Despite the poor prognosis for patients with relapsed/refractory (R/R) acute myeloid leukemia (AML), an 
optimal treatment strategy remains undefined. Mitoxantrone (MIT) is widely used to treat R/R AML.
Methods  This prospective, single-center, open-label study assessed the efficacy and toxicity of mitoxantrone hydrochlo-
ride liposome (Lipo-MIT)-containing regimen therapy, intensified by adding cytarabine (Ara-C), cyclophosphamide (CTX) 
or other agents. The primary endpoint was composite complete remission (CRc), including complete remission (CR), 
complete remission with incomplete count recovery (CRi), and morphologic leukemia-free state (MLFS). The secondary 
endpoints included overall response rate (ORR), event-free survival (EFS), overall survival (OS), and safety.
Results  We enrolled 20 patients (median, 38.50 years; range, 20.00–53.00 years) and treated them with a Lipo-MIT-con-
taining regimen from April 29, 2022, to July 11, 2023. Twelve patients (60.00%) achieved CRc after one course of induc-
tion therapy, of which MAC (Lipo-MIT, Ara-C, CTX)-based regimen was the most commonly used (12/20, 60.00%) with a 
CRc rate of 66.67% (8/12). Additionally, 13 patients relapsed after allogeneic stem cell transplantation (allo-HSCT) with a 
CRc of 69.20% (9/13). The median follow-up time was 6.64 months, with a median OS of 9.99 months (range, 1.64–19.61; 
95% confidence interval [CI], 2.05–17.92). Moreover, 95% patients experienced grade 3/4 hematologic treatment-related 
adverse events (TRAEs), including anemia (60.0%), thrombocytopenia (60.0%), leukopenia (65.0%), and neutropenia 
(55.0%). All patients experienced nonhematologic TRAEs, with 14 patients showing grade 3/4 toxicity.
Conclusion  The Lipo-MIT-based regimens demonstrate preliminary efficacy in R/R AML, particularly in those who relapsed 
after allo-HSCT, though hematologic toxicity warrants careful monitoring.
Clinical Trial Registration: Clinicaltrials.gov Identifier: NCT04645199 in November 27, 2020.
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1  Introduction

Relapse/refractory (R/R) scenarios pose significant challenges in managing acute myeloid leukemia (AML). For patients 
with R/R AML, salvage therapies are expected to be one of the most effective methods. Despite progress with targeted 
treatments [1, 2], strategizing an ideal regimen for patients with R/R AML, particularly those without targetable mutations, 
remains a complex endeavor. For patients without actionable mutations, salvage chemotherapy before allogeneic stem 
cell transplantation (allo-HSCT) is commonly performed, utilizing regimens, such as FLAG-IDA (fludarabine, cytarabine 
(Ara-C), granulocyte colony-stimulating factor [G-CSF], and idarubicin), CLAG-M (cladribine, Ara-C, mitoxantrone [MIT], 
and G-CSF), MEC (MIT, Ara-C, and etoposide) [3], and HAA (high-dose Ara-C and aclacinomycin) [4]. However, these 
approaches often yielded unsatisfactory outcomes, with complete remission (CR) rates ranging from 40 to 60%, and 
unexpected toxicities. Furthermore, patients who relapsed after transplantation have a poor prognosis [5] with no specific 
management strategy. Therefore, innovative combinations of drugs that can improve the rate of achieving remission 
and act as a bridge to allo-HSCT in R/R AML should be identified while minimizing excessive toxicity.

MIT is an anthracycline drug mainly used to treat multiple hematologic malignancies, including AML, as induction 
and consolidation therapy, but it is limited by its cardiotoxicity and myelosuppressive characteristics [6]. Prior studies 
demonstrated that mitoxantrone-based regimens achieve comparable CR rates to other anthracyclines (e.g., idarubicin/
daunorubicin) in AML induction, with potential advantages in reducing relapse risk [7]. Since introducing liposomes more 
than 50 years ago, they have become a cornerstone in drug delivery, significantly mitigating the off-target toxicity of vari-
ous drugs, facilitating extended blood circulation, and advantageous drug distribution [8, 9]. Wang et al. demonstrated 
that mitoxantrone hydrochloride liposome (Lipo-MIT) and MIT showed comparable clinical benefits in treating breast 
cancer, whereas Lipo-MIT presented a lower toxicity profile [10]. Additionally, Lipo-MIT also showed a favorable efficacy 
and manageable safety profile in non-Hodgkin lymphoma [11]. However, its efficacy in treating R/R AML remains to be 
further explored. Considering that drug combinations can achieve better efficacy than single agents, new combinations 
incorporating agents with different mechanisms should be developed. Therefore, the flexible utilization of Lipo-MIT 
combined with other established drugs may yield synergistic effects in treating R/R AML.

Our prospective study explores the efficacy and safety of a Lipo-MIT-containing regimen for patients with R/R AML. 
Regimens in this study combined Lipo-MIT with conventional drugs, such as cytarabine and cyclophosphamide, as well 
as novel therapeutic agents, including venetoclax, gilteritinib, and selinexor based on different disease characteristics.

2 � Methods

2.1 � Study design and patients

This prospective, single-center, open-label study enrolled patients with R/R AML aged 18–60 years old. Relapse AML 
was defined as the reappearance of leukemia cells in peripheral blood or bone marrow blasts > 5% after achieving CR/
CRi (excluding reasons, such as bone marrow regeneration after consolidation therapy) or extramedullary infiltration 
of leukemia cells. Refractory AML was defined as patients whose standard treatment was ineffective after two cycles 
of initial therapy; relapse within 12 months after achieving CR/CRi despite consolidation therapy; failure to respond 
to conventional chemotherapy after relapsing 12 months post-initial remission; multiple recurrences, and persistent 
extramedullary leukemia. Inclusion criteria required patients to have an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 to 2, adequate baseline renal and hepatic function, and a left ventricular ejection fraction ≥ 50%. 
Patients were ineligible if they had uncontrolled infections or received systemic antineoplastic therapy or radiotherapy 
within 7 days before the initiation of the study treatment, except for hydroxyurea or 6-mercaptopurine.

The Ethics Committee of Blood Diseases Hospital, Chinese Academy of Medical Sciences (IIT2021011-EC-1) approved 
the research protocol. This study follows the Declaration of Helsinki. All patients provided written and oral informed 
consent. This study was registered with clinicaltrials.gov (Identifier, NCT04645199).
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2.2 � Procedures

All patients received the Lipo-MIT-containing regimen intravenously. The recommended dose of Lipo-MIT ranged from 
20 to 24 mg/m2 on day 1 of each cycle based on the drug instructions and guideline consensus. In addition, in the 
most commonly used MAC regimen (Lipo-MIT, Ara-C, and CTX), Ara-C was administered at a dose of 100 mg/m2/day 
on days 1–7, while CTX was administered at a dose of 750 mg/m2 on day 1. Furthermore, the dosages of additional 
medications, determined based on the patient’s disease characteristics, were aligned with those in traditional salvage 
treatment regimens. Patients who underwent allo-HSCT were provided the option of donor lymphocyte infusion (DLI) 
after relapse as combination therapy. Patients were administered one treatment cycle, with supportive care provided 
based on institutional guidelines.

2.3 � Outcomes

The primary endpoint was composite complete remission (CRc), including CR, complete remission with incomplete count 
recovery (CRi), and morphologic leukemia-free state (MLFS). The secondary endpoints included overall response rate 
(ORR), event-free survival (EFS), overall survival (OS) and safety. Response was assessed through bone marrow aspirate/
biopsy after treatment completion. The response were defined based on the 2022 European Leukemia Net (ELN) recom-
mendations [12]. Using the Common Terminology Criteria for Adverse Events (CTCAE, version 5.0), physicians recorded 
and graded treatment-related adverse events (TRAEs).

2.4 � Statistical analysis

Data were analyzed using SPSS statistical software version 28.0.1.1 (IBM Corp). Patient demographics and disease char-
acteristics were summarized using descriptive statistics. The primary endpoint, CRc, was calculated for the intent-to-treat 
population. For the primary efficacy analysis, an unstratified chi-squared test was used to compare the CR rates. OS and 
EFS were secondary endpoints and estimated using the Kaplan–Meier method with two-sided 95% confidence intervals 
(CIs). P-values were calculated using the log-rank test. The swimming plot was generated using R statistical software 
version 4.3.2 (R Project for Statistical Computing).

3 � Results

3.1 � Patient characteristics

From April 29, 2022, to July 11, 2023, 20 patients with R/R AML, with a median age of 38.50 (range, 20.00–53.00) years 
and 10 (50%) women were included and treated with Lipo-MIT-containing regimen. Table 1 shows the demographic and 
baseline characteristics. Among the patients, 3 (15%) experienced their first relapse, whereas 17 (85%) were deemed 
refractory, with 8 (40%) having prior remissions lasting < 12 months, and 4 (20%) patients experiencing multiple relapses. 
Of the 20 patients with AML, two had a documented history of myelodysplastic syndrome. Additionally, 13 patients 
had previously allo-HSCT. Before the last allo-HSCT, all patients achieved remission, and the pre-HSCT minimal residual 
disease (MRD) status was negative and positive in nine and four patients, respectively. At initial diagnosis, the specific 
mutations were isocitrate dehydrogenase 1 (IDH1) mutant in two patients, fms-like tyrosine kinase 3-internal tandem 
duplication (FLT3-ITD) in two patients, additional sex combs-like 1 (ASXL1) in one patient, and runt-related transcription 
factor 1 (RUNX1) in one patient. Based on the 2022 ELN criteria, the risk classification at initial diagnosis was favorable, 
intermediate, adverse and unknown in 1, 10, 8, and 1 patients, respectively. Additionally, four patients had extramedul-
lary infiltration without central nervous system involvement.

3.2 � Treatment

Among 20 patients, 13 patients who previously received allo-HSCT were treated with Lipo-MIT with a dosage of 19.90 mg/
m2 on day 1. The remaining 7 patients had either relapsed or were refractory following chemotherapy, and were treated 
with Lipo-MIT at a dosage of 20.00 mg/m2 on day 1 (Fig. 1).
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3.3 � Outcomes

The median administered dosage of Lipo-MIT was 20.00 (range, 11.17–33.75) mg/m2/day. Table 2 show the treatment regi-
mens of Lipo-MIT. Figure 2 shows the clinical outcomes after one treatment cycle and the CRc and ORR rates were both 
60.00% (12/20). Notably, for patients after allo-HSCT, the CRc and ORR rates were both 69.23% (95% CI, 38.57–90.91%). 
MRD was assessed using multiparametric flow cytometry, which showed six patients who achieved MRD-negative at the 

Table 1   Patient characteristics 
and disease history

AML Acute myeloid leukemia, ECOG Eastern Cooperative Oncology Group, 7 + 3 cytarabine plus anthra-
cycline, MD/HD + Ara-C middle/high-dose cytarabine, HAG/CAG​, homoharringtonine plus cytarabine and 
granulocyte colony-stimulating factor/cytaarabine plus aclarubicin and granulocyte colony-stimulating 
factor, FLAG, fludarabine plus cytarabine and granulocyte colony-stimulating factor
† Secondary AML evolving from myelodysplastic syndrome

*Baseline Mutations: only WHO 2016 prognostic stratification genes were originally displayed

Characteristics N = 20

Age Median (Min, Max) 38.50 (20.00,53.00)
Sex, no. (%)

Male 10 (50.00)
Female 10 (50.00)

ECOG, no. (%)
0 6 (30.00)
1 9 (45.00)
2 5 (25.00)

Characteristics at the start of therapy, no. (%)
Relapse 3 (15.00)
Refractory 17 (85.00)
Primary refractory 5 (25.00)
First relapse < 12 m 8 (40.00)
Relapse more than twice 4 (20.00)

Previous transplantations, no. (%)
Yes 13 (65.00)

Extramedullary infiltration, no. (%)
Yes 4 (20.00)

Baseline mutations*
Mutation 5 (25.00)
IDH1 2 (10.00)
FLT3-ITD 2 (10.00)
ASXL1 1 (5.00)
RUNX1 1 (5.00)
None 15 (75.00)

Primary/secondary AML
Primary 18 (90.00)
Secondary† 2 (10.00)

Prior treatments Venetoclax 16 (80.00)
Intensive chemotherapy 20 (100.00)
7 + 3 18 (90.00)
MD/HD + Ara-C 15 (75.00)
HAG/CAG​ 5 (25.00)
FLAG 2 (10.00)
Others 5 (25.00)
Hypomethylating agent 14 (70.00)

Prior treatment lines Median (range) 5 (2.00,14.00)
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end of therapy, with five subsequently undergoing transplantation. The median follow-up was 6.64 (range, 1.64–19.61) 
months. The median OS and EFS were 9.99 (range, 1.64–19.61; 95% CI, 2.05–17.92) and 2.18 (range, 0.95–11.04; 95% 
CI, 1.67–2.53) months, respectively. For patients relapsed after allo-HSCT, the median OS and EFS were 9.49 (range, 
2.10–17.74; 95% CI, 3.44–15.54) and 3.94 (range, 1.18–6.41; 95% CI, 1.16–6.73) months, respectively. Additionally, the 
median OS was not reached for R/R patients after chemotherapy, but the median EFS was 1.35 (range, 0.95–11.04; 95% 
CI, 0.97–1.73) months. Figure 3 shows the Kaplan–Meier estimated EFS and OS for all enrolled patients.

The most common treatment regimen was MAC (Lipo-MIT, Ara-C, and CTX)-based regimen, with a CRc rate of 66.67% 
(8/12) and 85.71% (6/7) in general and post-allo-HSCT patients, respectively. The second most commonly used regimen 
was MA (Lipo-MIT and Ara-C)-based regimen, with a CRc rate of 60.00% (3/5) and 50.00% (2/4) in general and post-allo-
HSCT patients, respectively. In addition to the standard therapeutic agents, DLI was administered in all 13 post-allo-HSCT 
patients. The swimming plot in Fig. 4 shows the treatment regimens and outcomes for all patients.

Fig. 1   Trial profile. R/R AML 
relapsed/refractory acute 
myeloid leukemia, allo-HSCT 
allogeneic stem cell transplan-
tation

Table 2   Treatment regimens 
and proportion of patients

Lipo-MIT Mitoxantrone hydrochloride liposome, Ara-C cytarabine, CTX cyclophosphamide, G-CSF Granulo-
cyte colony-stimulating factor, allo-HSCT allogeneic stem cell transplantation

Treatment regimen All (N = 20) After Pre-HSCT CRc rate (%)

allo-HSCT (N = 7)

(N = 13)

Lipo-MIT + Ara-C + CTX 6 (30.00) 4 (30.76) 2 (28.57) 66.67
Lipo-MIT + Ara-C + CTX + selinexor 3 (15.00) 1 (7.69) 2 (28.57) 33.33
Lipo-MIT + Ara-C 2 (10.00) 2 (15.38) 0 (0.00) 50.00
Lipo-MIT + Ara-C + CTX + selinexor + venetoclax 2 (10.00) 1 (7.69) 1 (14.29) 100.00
Lipo-MIT + fludarabine + Ara-C + G-CSF 1 (5.00) 1 (7.69) 0 (0.00) 100.00
Lipo-MIT + Ara-C + CTX + venetoclax 1 (5.00) 1 (7.69) 0 (0.00) 100.00
Lipo-MIT + Ara-C + gilteritinib 1 (5.00) 0 (0.00) 1 (14.29) 100.00
Lipo-MIT + Ara-C + selinexor 1 (5.00) 1 (7.69) 0 (0.00) 0.00
Lipo-MIT + busulfan + semustine + CTX 1 (5.00) 0 (0.00) 1 (14.29) 0.00
Lipo-MIT + CTX + selinexor 1 (5.00) 1 (7.69) 0 (0.00) 0.00
Lipo-MIT + CTX + venetoclax 1 (5.00) 1 (7.69) 0 (0.00) 100.00
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3.4 � Toxicity

Table 3 shows the TRAEs, including hematologic and non-hematologic toxicities. Of the 20 enrolled patients, 19 
had grade 3/4 hematologic TRAEs, including anemia (60.0%), thrombocytopenia (60.0%), leukopenia (65.0%), and 
neutropenia (55.0%). Additionally, all patients had non-hematologic TRAEs, with 14 patients showing grade 3/4 
toxicity. The most common non-hematologic TRAEs were respiratory system reactions, immune abnormalities and 
infections, and hepatic dysfunction observed in 90%, 75%, and 60% of the patients, respectively. However, most 
non-hematological toxicities were grade 1/2, whereas pulmonary infection (40%) and fever (15%) were grade 3/4 
toxicities with an incidence of > 10%, which was potentially associated with neutropenia.

4 � Discussion

This prospective study of a Lipo-MIT-containing regimen for treating R/R AML demonstrated that the regimen showed 
a satisfactory CRc rate and a relatively manageable safety profile. Both the CRc and ORR rates were 60.00%, though 
hematologic toxicity warrants careful monitoring.

Although standard salvage chemotherapy regimen is unavailable for patients with R/R AML, the Ara-C and MIT 
combination is widely utilized [13]. Several studies have proposed non-cross-resistant Ara-C-based combination 
chemotherapy regimens, such as the FLAG-IDA and CLAG-M regimens, with CR rates ranging from 30 to 60%. How-
ever, these regimens were frequently associated with severe toxicities [14–17]. In 1991, Amadori et al. reported that 
the MEC (MIT, etoposide, Ara-C) regimen in patients with refractory AML had a CR rate of 66% and a median OS of 
36 weeks. However, all patients had severe myelosuppression, leading to fever or documented infections in 91% of 
cases [18]. In more recent studies, the CR rate of the MEC regimen ranged from 16 to 28% [19–21]. The combina-
tion of MIT, Ara-C and CTX, a salvage chemotherapy regimen based on the MA regimen, effectively interferes with 
the proliferation cycle of tumor cells and blocks DNA synthesis by adding the alkylating agent-based anti-tumor 
agent CTX, providing broad-spectrum anti-tumor action. Previous studies conducted by our institution identified the 
efficacy and safety of combining CTX with MIT and Ara-C in patients who had primary induction failure or relapse. 
The overall CR rate was 74.70%, with 5-year OS and disease-free survival rates of 36.70% and 43.00%, respectively. 
Moreover, 29.00% of patients had severe infections (grade 3 or 4) [22]. Based on previous achievements, we further 
updated the MIT formulation with liposome-based formulations to improve anti-leukemia efficacy and reduce toxic-
ity. In this study, the MAC-based regimen based on Lipo-MIT was the most commonly used (12 of 20 patients), with 
66.67% (8/12) patients achieving CRc. Although the outcome was suboptimal compared with the previous study, 13 
of 20 patients in our study had allo-HSCT, which was associated with poor outcomes [23, 24].

Moreover, previous studies have indicated that liposomal encapsulation can significantly extend the plasma half-
life of medications, leading to drug accumulation within the bone marrow [25–27]. Cortes et al. compared the use 

Fig. 2   Treatment response 
after one cycle treatment 
between two groups. HSCT 
hematopoietic stem cell trans-
plantation, CRc composite 
complete remission, CR com-
plete remission, CRi complete 
remission with incomplete 
count recovery, MLFS morpho-
logic leukemia-free state, NR 
non-remission
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of liposomal Ara-C combined with daunorubicin to standard chemotherapy dosages in older patients with newly 
diagnosed secondary AML. The liposomal formulation showed significantly prolonged survival and a comparable 
safety profile to conventional therapy [28], which was also reported by Franco et al. who noted that although adria-
mycin is commonly used in cancer therapy, its efficacy is hindered by dose-dependent cardiotoxicity. However, 
encapsulating adriamycin in liposomes mitigates the cardiac risk without compromising its anti-tumor activity [29] 

Fig. 3   Long-term outcomes for patients received Lipo-MIT-based regimens treatment. A The event free survival for all patients. B The overall 
survival for all patients
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and ensures stability in circulation and targeted delivery to tumor vasculature, minimizing adriamycin release in 
plasma and healthy tissues, thus reducing cardiotoxicity. Though lacking direct controls cohort, our observed 60% 
CRc rate and none cardiotoxicity incidence (vs. 25–50% ORR and 9 patients occurred cardiotoxicity in conventional 
mitoxantrone studies) suggest potential therapeutic advantages worthy of systematic evaluation [30–32]. Our Lipo-
MIT was prepared using hydrogenated soy phosphatidylcholine, cholesterol, and pegylated lipid and showed high 
tissue permeability and biological activity. Therefore, Lipo-MIT retains mitoxantrone’s anti-leukemic activity.

The common profiles observed here were consistent with previously reported, without unexpected safety signals 
[33, 34]. Notably, hematologic events reported in our study were lower than those mitoxantrone-containing regimens, 
such as anemia (60% vs. 76.2%), thrombocytopenia (60% vs. 99%), and neutropenia (55% vs. 76%), which could resume 
with dose modification and symptomatic treatment, without endangering patients’ health [35, 36]. However, the Lipo-
MIT-based regimen demonstrates manageable hematologic toxicity profiles comparable to conventional anthracycline-
containing regimens, though close monitoring remains essential given the high-risk patient population. Besides, most 
non-hematological toxicities were grade 1/2, whereas pulmonary infection (40%) and fever (15%) were grade 3/4 toxici-
ties, possibly consideration was neutropenia and COVID-19 infection. In summary, our study demonstrated the acceptable 
safety of Lipo-MIT-containing regimens, although its toxicity spectrum requires further evaluation in controlled settings.

Furthermore, despite allo-HSCT being the most effective consolidation therapy to prevent relapse, relapse still occurs 
in 45–55% of adverse-risk patients with AML post-allo-HSCT. The outcomes after post-transplant relapse are poor, with 
a 2-year OS rate ranging 14–25% and a limited number of long-term remissions [5]. Surprisingly, our patients who had 
pre-allo-HSCT showed higher CRc rates (69.23%) compared with pre-transplant patients (42.86%), with a median OS of 
9.49 (range, 2.10–17.74; 95% CI, 3.44–15.54) months. This may be due to all patients in the post-transplantation group 
receiving combination therapy with DLI. Previous studies have emphasized the importance of DLI and its potential 
synergy when combined with other therapies, such as intensive chemotherapy, azacitidine, or targeted therapy [37]. 
Interestingly, a retrospective study from the European Society for Blood and Marrow Transplantation registry showed that 
survival was not significantly different between patients with post-transplant relapse who underwent DLI or received a 
second transplantation, highlighting the anti-leukemia efficacy of DLI [38]. Therefore, patients who had post-transplant 
may benefit from salvage therapy by using the Lipo-MIT regimen combined with sequential DLI.

Our study has several limitations. First, a small sample size and single-arm design without a control group for com-
parison posed a challenge to decipher the benefits of combination treatment. Second, the limited number of patients 
resulted in a wide 95% CI, and we were unable to obtain long-term survival data for patients who achieved CRc due to 
the relatively short follow-up period. While these were inherent to this exploratory study, we will actively expand the 
cohort further and planning controlled comparative trials for validation. Finally, although patients who relapsed after 
allo-HSCT might benefit from Lipo-MIT-containing regimens combined with DLI, the underlying mechanism for this 
phenomenon remains unclear.

Fig. 4   Treatment regimens and outcomes for all patients. Lipo-MIT mitoxantrone hydrochloride liposome, CTX cyclophosphamide, Ara-C 
cytarabine, G-CSF granulocyte colony-stimulating factor, CR complete remission, CRi complete remission with incomplete count recovery, 
MLFS morphologic leukemia-free state, NR non-remission
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Table 3   Adverse events after one cycle of treatment

Adverse events, N (%) Grade, N = 20

G1 G2 G3 G4 G3-4 All

Hematological toxicity 0 (0.00) 0 (0.00) 6 (30.00) 8 (40.00) 14 (70.00) 14 (70.00)
Anemia 0 (0.00) 1 (5.00) 4 (20.00) 8 (40.00) 12 (60.00) 13 (65.00)
Thrombocytopenia 0 (0.00) 0 (0.00) 1 (5.00) 11 (55.00) 12 (60.00) 12 (60.00)
Leukopenia 0 (0.00) 0 (0.00) 0 (0.00) 13 (65.00) 13 (65.00) 13 (65.00)
Neutropenia 0 (0.00) 0 (0.00) 0 (0.00) 11 (55.00) 11 (55.00) 11 (55.00)
Febrile neutropenia 0 (0.00) 0 (0.00) 0 (0.00) 6 (30.00) 6 (30.00) 6 (30.00)
Non-hematological toxicity 2 (10.00) 4 (20.00) 13 (65.00) 1 (5.00) 14 (70.00) 20 (100.00)
Gastrointestinal reactions 9 (45.00) 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 11 (55.00)
Nausea 9 (45.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 9 (45.00)
Vomiting 4 (20.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 5 (25.00)
Diarrhea 2 (10.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 3 (15.00)
Abdominal pain 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Flatulence 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Respiratory system reactions 11 (55.00) 3 (15.00) 4 (20.00) 0 (0.00) 4 (20.00) 18 (90.00)
Fever 12 (60.00) 3 (15.00) 3 (15.00) 0 (0.00) 3 (15.00) 18 (90.00)
Productive cough 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Cough 0 (0.00) 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Shiver 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Epistaxis 0 (0.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Nasal congestion 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Chilly 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Sore throat 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Pneumonia 0 (0.00) 0 (0.00) 1 (5.00) 0 (0.00) 1 (5.00) 1 (5.00)
Respiratory alkalosis 0 (0.00) 0 (0.00) 1 (5.00) 0 (0.00) 1 (5.00) 1 (5.00)
Chest distress 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Hypoxemia 0 (0.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Type I respiratory failure 0 (0.00) 0 (0.00) 1 (5.00) 0 (0.00) 1 (5.00) 1 (5.00)
Skin and mucosal reactions 3 (15.00) 1 (5.00) 1 (5.00) 0 (0.00) 1 (5.00) 5 (25.00)
Rash 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Oral mucositis 1 (5.00) 1 (5.00) 1 (5.00) 0 (0.00) 1 (5.00) 3 (15.00)
Toothache 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Hepatic dysfunction 9 (45.00) 1 (5.00) 1 (5.00) 1 (5.00) 2 (10.00) 12 (60.00)
Hypoalbuminemia 8 (40.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 8 (40.00)
Elevated transaminases 6 (30.00) 1 (5.00) 1 (5.00) 1 (5.00) 2 (10.00) 9 (45.00)
Elevated blood bilirubin 1 (5.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Elevated lactate dehydrogenase 2 (10.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 2 (10.00)
Immune abnormalities and infections 0 (0.00) 2 (10.00) 13 (65.00) 0 (0.00) 13 (65.00) 15 (75.00)
Pulmonary infection 0 (0.00) 0 (0.00) 8 (40.00) 0 (0.00) 8 (40.00) 8 (40.00)
Upper respiratory tract infection 0 (0.00) 3 (15.00) 0 (0.00) 0 (0.00) 0 (0.00) 3 (15.00)
Gingival infection 0 (0.00) 0 (0.00) 2 (10.00) 0 (0.00) 2 (10.00) 2 (10.00)
Acute graft-versus-host disease 0 (0.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Elevated C-reactive protein 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Perianal infection 0 (0.00) 0 (0.00) 2 (10.00) 0 (0.00) 2 (10.00) 2 (10.00)
Bacteremia 0 (0.00) 0 (0.00) 1 (5.00) 0 (0.00) 1 (5.00) 1 (5.00)
Bloodstream infection 0 (0.00) 0 (0.00) 2 (10.00) 0 (0.00) 2 (10.00) 2 (10.00)
Oral candidiasis 0 (0.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Complicated soft tissue infection 0 (0.00) 0 (0.00) 1 (5.00) 0 (0.00) 1 (5.00) 1 (5.00)
Oral infection 0 (0.00) 0 (0.00) 1 (5.00) 0 (0.00) 1 (5.00) 1 (5.00)
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5 � Conclusion

In summary, our study provided evidence supporting the efficacy and manageable safety of the Lipo-MIT-containing 
regimens in treating R/R AML. This therapeutic approach shows particular promise in patients who relapsed after allo-
HSCT. However, larger-scale studies should be conducted to comprehensively evaluate the overall effectiveness of this 
regimen and determine the optimal combination strategies for Lipo-MIT in managing R/R AML.
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Table 3   (continued)

Adverse events, N (%) Grade, N = 20

G1 G2 G3 G4 G3-4 All

Neurological reactions 5 (25.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 5 (25.00)
Dizziness 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Paresthesia 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Dizziness 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Headache 3 (15.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 3 (15.00)
Other reactions 7 (35.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 8 (40.00)
Fatigue 3 (15.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 3 (15.00)
Hypocalcemia 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Hyperglycemia 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Localized edema 0 (0.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Weight loss 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Heart failure 0 (0.00) 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Dry eyes 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Hypoglycemia 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Pollakiuria 1 (5.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
Any adverse events 1 (5.00) 1 (5.00) 9 (45.00) 9 (45.00) 18 (90.00) 20 (100.00)

Bold values represents the general classification of adverse events
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the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​
mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/.
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