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20-30% of newly diagnosed Acute myeloid leukemia(AML) patients fail to achieve complete response 
(CR) following intensive induction chemotherapy. This retrospective study aimed to evaluate the 
efficacy of reinduction regimens in improving CR rates among newly diagnosed AML patients who did 
not achieve partial response(PR) after initial intensive induction therapy. We conducted a retrospective 
analysis of 175 newly diagnosed AML patients aged 18–60 years, treated at the First Affiliated Hospital 
of China Medical University between January 2020 and March 2024. Patients who did not achieve PR 
after first line inductive therapy were switched to alternative intensive chemotherapy regimens or 
regimens including venetoclax and azacitidine. After the first induction cycle, the overall response 
rate(ORR) was 82.8%. For patients with no response, early replacement of reinduction regimens, 
especially those containing venetoclax, led to an ORR of 90.2% after two cycles of induction therapy. 
We recommend that young patients with newly diagnosed AML be primarily treated with DA/IA 
induction therapy. For those who fail to achieve remission, early replacement of re-induction therapy 
enhances the therapeutic efficacy of newly diagnosed young adult AML.

Over the past 50 years, daunorubicin and cytarabine regimen (DA regimen, also known as 3 + 7 regimen) has 
become the standard induction therapy for adult Acute myeloid leukemia(AML), especially for young and fit 
patients1,2. After dose exploration, daunorubicin 60 mg/m2 and cytarabine 100–200 mg/m2 are the most widely 
used induction therapy regimen3–5. The complete response (CR) rate of this regimen is 60–80% in younger 
patients and 45–60% in older patients (age ≥ 60 years)6. Daunorubicin can be replaced with idarubicin (IA), which 
achieves the same efficacy as the DA regimen7. DA regimen combined with other drugs can improve the CR rate 
and overall survival8,9. Venetoclax is a well-known BCL2 inhibitor, which plays a pivotal role in the apoptosis 
pathway of AML. In older and unfit patients, patients treated with venetoclax combined with demethylation 
drugs or low dose cytarabin had a longer overall survival (OS) and a higher response rate10–14. Venetoclax 
combined with azacitidine has become a frontline therapy for elderly and unfit patients. In younger patients 
(age < 60 years), two previous clinical trials using venetoclax combined with daunorubicin and cytarabine (3 + 7 
regimen and 2 + 6 regimen) as induced therapy achieved an composite CR rate of more than 90%9,15. However, 
intensive chemotherapy combined with venetoclax increases hematologic and non-hematologic adverse effects, 
which limits its widespread application11,16.

When a patient does not achieve CR after receiving at least two cycles of intense induction therapy, the 
patient is deemed resistant, with limited options for treatment and a dismal outlook. Therefore, selecting a 
re-induction regimen following the first treatment for patients who are not in CR is crucial. The 2022 ELN 
guidelines recommend reinduction of the 3 + 7 regimen again or replacement with a regimen containing higher 
doses of cytarabine17. But previous study has shown that the CR rate of cytarabin-based re-induction regimen is 
56.3%, which is independent of cytarabine dose18.
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To increase the ORR and reduce the adverse effects of induction therapy, we performed a retrospective 
analysis to assess the safety and effectiveness of patients who had early replacement of an intense chemotherapy 
regimen or a treatment that includes azacitidine and venetoclax after failing DA or IA induction therapy.

Result
Patient characteristics
The basic characteristics of patients are shown in Table 1. From January 1, 2020 to May 31, 2024, a total of 175 
patients were included in our retrospective study, with a median follow-up of 15 months (IQR 7–29). A total 
of seven patients were lost to follow-up in this study. During consolidation therapy, three patients discontinued 
treatment and could not be contacted by any means. Additionally, four patients completed consolidation therapy 
and achieved MRD negativity, but were lost to follow-up and are currently unreachable. These seven patients 
were included in the analysis with their last recorded visit at our institution serving as the final follow-up time. 
The most common mutations were FLT3-ITD, NPM1, DNMT3A, CEBPA and TET2. Two patients had the 
BCR-ABL P210 fusion gene. Of the patients with CEBPA mutations, 12 had double mutations and 20 had bzip 
mutations. As a result of the re-adjustment of risk stratification criteria in the 2022 ELN guidelines compared to 
2017, there were 25 patients with a change in risk stratification. After induction therapy, 10 of FLT3-ITD positive 
patients were given sorafenib and 6 patients were given gilteritinib during consolidation therapy. Tyrosine 
Kinase Inhibitor (TKI) were added to two Ph positive patients, one of which continued to take flumatinib, the 
other took imatinib first, and was changed to dasatinib due to treatment failure. Of the 20 patients who didn’t 
respond to initial induction therapy, 9 patients received the VA (venetoclax and azacitidine) regimen; 3 patients 
received the HVA (venetoclax, azacitidine and homoharringtonine) regimen; 4 patients received the FLAG 
(fludarabine, cytarabine, G-CSF) or CLAG (cladribine, cytarabine and G-CSF) regimen; 2 patients received the 
CAG (cytarabine, aclarubicin, and G-CSF) regimen; and 2 patients received the HA (homoharringtonine and 
cytarabine )regimen. A total of 35 patients received allogeneic hematopoietic stem cell transplantation(Allo-
HSCT).

Clinical outcomes
Tables 2 and 3 showed the outcomes of patients with different risk stratification. A total of 10 (5.7%) patients died 
during initial induction therapy and 20 patients did not respond(NR) to treatment. CRc and ORR after one cycle 
of DA/IA induction therapy were 81.1% and 82.8% respectively. 20 NR patients received re-induction therapy.

After 2 cycles of treatment, CRc and ORR were 89.1% and 90.2% respectively and 148 patients achieved 
CR. According to the 2017 ELN risk stratification, the ORR was 96.3% in patients with favourable risk, 89.2% 
in patients with intermediate risk, and 75% in patients with adverse risk(p = 0.0046). After re-stratification 
according to 2022 ELN recommendations, there was no significant change in ORR in each group compared 
with 2017 ELN recommendations. Among patients with CR, MRD-negativity was reached in 65.5% overall, 
and in the 2017 ELN risk stratification, 70.0% (54 of 77) in the favourable risk group, 62.3% (33 of 53) in the 
intermediate risk group, and 56% (10of 18) in the adverse risk group(p = 0.4138). However, the MRD-negativity 
was close after re-stratification. The median duration of MRD negative was 244 days(IQR 60–662). The median 
OS was 454 days(IQR 220–871).

The median OS of all patients was 454 days, 386 days in the favourable risk group, 482 days in the intermediate 
risk group and 398 days in the adverse risk group, respectively, according to the 2017 ELN recommendations. 
However, in the 2022 ELN recommendations, the median OS of patients in the favourable risk group, 
intermediate risk group, and adverse risk group was 514 days, 449days, and 411days, respectively. The OS of 
different prognostic stratification were statistically significant(2017 ELN p < 0.0001 vs. 2022 ELN p = 0.0003).

To explore the impact of age on efficacy within our cohort, we reanalyzed the data by dividing the patients 
into different age subgroups (Supplementary Table 1). After 2 cycles of induction therapy, the ORR across age 
groups were as follows: 100% in the < 20 years age group, 91.3% in the 20–29 years age group, 94.3% in the 
30–39 years age group, 88.6% in the 40–49 years age group, and 88.2% in the 50–59 years age group. The MRD 
- duration was 244 days, 273 days, 278 days, 381 days, 212 days and 225 days respectively, and the median OS of 
patients was 454 days, 504 days, 550 days, 624 days, 442 days and 416 days respectively in different age group.

Second course of induction therapy
In NR patients after initial treatment, 2 patients were in the favourable risk group, 6 patients were in the adverse 
risk group, and 11 patients were in the intermediate risk group in both 2017 and 2022 ELN recommendations, 
In addition, one patient was in an intermediate-risk group in the 2017 ELN but in an adverse-risk group in the 
2022 ELN.

Among the 20 patients with NR, there were 6 FLT3-ITD, 3 ASXL, 1 DNMT3A, 1 CEBPA bzip region, 1 
TET2, 1 BCR-ABL P210, 1 IDH1, and 2 IDH2 mutation (Supplementary Table 2). Among the common genetic 
mutations, two patients with co-mutations of FLT3-ITD, NPM1, and DNMT3A experienced early death. Of the 
four patients with FLT3-ITD mutations who received venetoclax-based re-induction therapy, three achieved CR. 
Two patients underwent Allo-HSCT after CR1 and remained MRD-negative until the end of follow-up, with OS 
of 24.8 and 34.6 months, respectively. Four other patients with FLT3-ITD mutation didn’t receive Allo-HSCT 
due to limited economic conditions. Among them, two patients did not achieve remission continuously, and two 
achieved remission but later experienced disease relapse. All four patients died due to complications caused by 
disease progression.

Twelve of NR patients received a regimen containing venetoclax and azacitidine, while eight patients received 
a chemotherapy regimen without venetoclax. 7 patients still did not respond to therapy and five of the patients 
died from AML progression. In the treatment group containing venetoclax, 7 patients achieved CR, 1 patient 
achieved CRi, and 2 patients achieved NR. One patient died from septic shock. The CR rate of re-induction 
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Patients (n = 175)

Age, years

Median(IQR) 45 (34–54)

 < 20 5 (2.9%)

 20–29 23 (13.1%)

 30–39 35 (20.0%)

 40–49 44 (25.1%)

 50–59 68 (28.9%)

Sex

 Male 74 (42.3%)

 Female 101 (57.7%)

Baseline bone marrrow blast cell proportion, %

 Median (IQR) 56 (34.2–74.8%)

 < 30% 34 (19.4%)

 ≥ 30% to < 50% 38 (21.7%)

 ≥ 50% 103 (58.8%)

Baseline peripheral white blood cell count, x 109/L

 Median(IQR) 15.7 (5.9–48.5)

 < 10 66 (37.7%)

 ≥ 10 to < 40 57 (32.6%)

 ≥ 40 to < 100 33 (18.9%)

 ≥ 100 19 (10.8%)

Selected molecular mutation

 FLT3-ITD 40 (22.9%)

 NPM1 31 (17.7%)

 DNMT3A 24 (13.7%)

 CEBPA 24 (13.7%)

 TET2 14 (8%)

 ASXL1 12 (6.9%)

 IDH1 9 (5.1%)

 IDH2 8 (4.6%)

 TP53 3 (1.7%)

 BCR-ABL 2 (1.1%)

ELN2017 risk category

 Favourable 82 (46.9%)

 Intermediate 65 (37.1%)

 Adverse 28 (16.0%)

Cytogenetic risk category

 Favourable 44 (25.2%)

 Intermediate 102 (58.3%)

 Adverse 16 (9.1%)

 No mitosis 13 (7.4%)

ELN 2022 risk category

 Favourable 79 (45.1%)

 Intermediate 64 (36.6%)

 Adverse 32 (18.3%)

Induction therapy regimen

 DA 111 (63.4%)

 IA 64 (36.6%)

 Allo-HSCT, n 35 (20%)

Re-induction therapy regimen of NR patients

Venetoclax + azacitidine 9

Venetoclax + azacitidine + homoharringtonine 3

 FLAG/CLAG 4

 CAG 2

 HA 2

Table 1.  Baseline characteristics.
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therapy was 58.3%, CRc and ORR were 66.7%. In the treatment group without venetoclax, 4 patients achieved 
CR, 1 patient achieved PR, and 2 patients achieved NR. One patients with HA died from gastrointestinal 
hemorrhage. The CRc and CR rate of reinduction therapy were 50%, ORR were 63% (Table 4).

Safety
The adverse effects(AEs) of all patients during induction therapy are shown in Table 5. The most common AEs 
were haematological AEs (100%), including leukopenia, anemia, and thrombocytopenia, and most of them were 
grade 3–4. Other common AEs include infection(95.4%), fatigue(74.9%), nausea(42.9%), hemorrhage(19.4%), 
electrolyte disturbances(hypocalcemia 19.4%, hypokalemia 17.7%), diarrhea(16.0%), and vomiting(14.3%) etc. 
Among these patients with infections, 9.7% were grade 2, 73.7% were grade 3, 6.9% were grade 4, and 5.1% were 
grade 5. Other AEs were mainly grade 1 and grade 2. A total of 10 patients died from the first cycle of induction 
therapy, including 7 patients who died from severe infection (6 patients with severe pneumonia, 1 patient 
with digestive tract infection) and 3 patients who died from major organ bleeding (2 patients with cerebral 
hemorrhage and 1 patient with digestive tract hemorrhage). Three patients died during re-induction therapy, 
two with VA died of septic shock and the other with HA died of gastrointestinal hemorrhage.

We compared the incidence of adverse reactions according to re-induction therapy regimens (Supplementary 
Table 3). Both groups experienced 100% incidence of grade 4 leukopenia, neutropenia, thrombocytopenia, 
and grade 3 anemia. However, with the exception of diarrhea and oral mucositis, which were observed in the 
venetoclax-based re-induction group, other adverse events occurred more frequently and with higher severity 
in the intensified chemotherapy group.

Discussion
Daunorubicin 60 mg/m2 on day 1–3 combined with cytarabine 100 to 200 mg/m2 on day 1–7, the standard 3 + 7 
regimen, is the first-line induction regimen for young adult AML patients, with a CR rate of 59–75%4,5,19–21. The 
same therapeutic effect can be achieved by replacing erythromycin with idarubicin7. However, some patients 
did not respond to the standard 3 + 7 regimen. Purine-based induction regimens (i.e., fludarabine or cladribine) 
compared with DA regimens have improved response rates to 67-85% after one cycle and 84% after 2 cycles, but 
survival rates are still unsatisfactory8,22–24. The combination of homoharringtonine and cytarabine was effective 
in the treatment of newly diagnosed AML, and the three-drug regimen of homoharringtonine combined with 
cytarabine and aclarubicin (HAA) further increased the complete response rate to 79%25,26. With the appearance 
of BCL-2 inhibitors, venetoclax combined with chemotherapy further improved the induced remission rate. The 

ELN 2022

pval
Overall
(n = 175)

Favourable risk
(n = 79)

Intermediate risk
(n = 64)

Adverse risk
(n = 32)

After 1 cycle of induction therapy

 ORR 82.8% (145) 96.2% (76) 76.6% (49) 62.5% (20) p < 0.001

 CRc 81.1% (142) 94.9% (75) 73.4% (47) 62.5% (20)

 CR 77.1% (135) 91.1% (72) 68.8% (44) 59.4% (19)

 CRi 4.0% (7) 3.8% (3) 4.7% (3) 3.1% (1)

 PR 1.7% (3) 1.3% (1) 3.1% (2) 0

 NR 11.4% (20) 2.5% (2) 17.2% (11) 21.9%( 7) p = 0.0011

After 2 cycle of induction therapy

 ORR 90.2% (158) 97.5% (77) 89.0% (57) 75% (24) p = 0.0015

 CRc 89.1% (156) 97.5% (77) 87.5% (56) 71.9% (23)

 CR 84.6% (148) 93.7% (74) 82.8% (53) 65.6% (21)

 CRi 4.6% (8) 3.8% (3) 4.7% (3) 6.3% (2)

 PR 1.1% (2) 0 1.6% (1) 3.1% (1)

 NR 4% (7) 1.3% (1) 4.7% (3) 9.4% (3)

 Early death rate 5.7% (10) 1.3% (1) 6.2% (4) 15.6% (5)

Re-induction of NR patients

Venetoclax + azacitidine 9 1 6 2

Venetoclax + azacitidine + homoharringtonine 3 0 1 2

FLAG/CLAG 4 1 1 2

CAG 2 0 2 0

HA 2 0 1 1

Allo-HSCT 20% (35) 3.8% (3) 9.4% (6) 81.3% (26) p < 0.001

MRD- after induction in CR patients 65.5% (97) 68.9% (51) 62.3% (33) 61.9% (13) p = 0.687

Median duration of MRD- status(IQR), days 244 (60–662) 297 (146.5–693) 178.5 (36–553) 273 (0-818)

Median OS(IQR), days 454 (220–871) 514 (253–995) 449.5 (183–776) 411.5 (170–753)

Table 2.  Response assessment in ELN 2022.
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CR rates of venetoclax plus FLAG, CLIA, HA and DA for newly diagnosed adult AML were 69%, 94%, 84.6% and 
91%, respectively9,27–29. Previous studies have found that the outcome of induction therapy is associated with the 
prognosis of AML30,31. Among the patients who didn’t achieve remission after DA or IA induction therapy, the 
CR rates of low dose, intermediate-dose and high dose cytarabine-based reinduction therapy were 56.4%, 53.3% 
and 59.6%, respectively18. There are still some patients who do not achieve CR within two courses of treatment 
and eventually become refractory leukemia.

In our study, the CR rate and ORR of 175 young adult AML patients after one cycle treatment with IA 
or DA regimen were 77.1% and 82.8% respectively. The 20 patients who failed one induction therapy were 
replaced with other treatment regiments, and the ORR rate of the whole cohort reached 90.2% after two courses 
of induction therapy. The ORR after two course of induction therapy in our retrospective study was similar to 
the DAV induction regimen9. The patients who didn’t respond to initial induction therapy were replaced with 
another induction therapy. Among the 20 patients with NR, 8 of 12 patients(66.7%) treated with a regimen 
that included VA achieved CRc, and 4 of 8 patients (50%) treated with intensive chemotherapy achieved CRc. 
However, due to the small sample size and the lack of statistical significance, these findings warrant further 
exploration in larger real-world studies.

In subgroup analysis, patients in the adverse risk group were more likely to not respond to induction 
treatment. Among the common genetic mutations, Patients with FLT3-ITD mutations and ASXL1 mutations 

Re-induction therapy regimen of NR patients Venetoclax + azacitidine +/– homoharringtonine(n = 12) Chemotherapy (n = 8)

CR 58.3% (7) 50% (4)

CRi 8.3% (1) 0

PR 0 13% (1)

NR 16.7% (2) 25% (2)

CRc 66.7% (8) 50% (4)

ORR 66.7% (8) 63% (5)

Death rate in re-induction therapy 16.7% (2) 13% (1)

Table 4.  Response assessment of re-induction therapy.

 

Overall
(n = 175)

ELN2017

pvalFavourable risk(n = 82) Intermediate risk(n = 65)
Adverse risk
(n = 28)

After 1 cycle of induction therapy

 ORR 82.8% (145) 95.1% (78) 76.9% (50) 60.7% (17) p = 0.024

 CRc 81.1% (142) 93.9% (77) 74.8% (48) 60.7% (17)

 CR 77.1%(135) 91.5% (75) 67.7% (44) 57.1% (16)

 CRi 4.0%  (7) 2.4% (2) 6.2% (4) 3.6% (1)

 PR 1.7% (3) 1.2% (1) 3.1% (2) 0

 NR 11.4% (20) 2.4% (2) 18.4% (12) 21.4% (6) p < 0.001

After 2 cycle of induction therapy

 ORR 90.2% (158) 96.3% (79) 89.2% (58) 75% (21) p = 0.0046

 CRc 89.1% (156) 96.3% (79) 87.7% (57) 71.4% (20)

 CR 84.6% (148) 93.9% (77) 81.5% (53) 64.3% (18)

 CRi 4.6% (8) 2.4% (2) 6.2% (4) 7.1% (2)

 PR 1.1% (2) 0 1.5% (1) 3.6% (1)

 NR 4% (7) 1.2% (1) 6.2% (4) 7.1% (2)

 Early death rate 5.7% (10) 2.4% (2) 4.6% (3) 17.9% (5)

Re-induction therapy regimen of NR patients

 Venetoclax + azacitidine 9 1 2

 Venetoclax + azacitidine + homoharringtonine 3 0 2

 FLAG/CLAG 4 1 2

 CAG 2 0 0

 HA 2 0 0

 Allo-HSCT 20% (35) 14.6% (12) 21.5% (14) 32.1% (9) p = 0.083

 MRD- after induction in CR patients 65.5% (97) 70.0% (54) 62.3% (33) 56% (10) p = 0.41

 Median duration of MRD- status (IQR), days 244 (60–662) 288 (130–693) 205 (33–614) 291 (0–697)

 Median OS (IQR), days 454 (220–871) 486 (195–863) 482 (231–964) 398 (146–627)

Table 3.  Response assessment in ELN 2017.
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were less likely to achieve remission following DA/IA induction. However, of the four patients with FLT3-ITD 
mutations who received venetoclax-based re-induction therapy, three achieved CR. Although the sample size 
is limited, these findings suggest that venetoclax-based re-induction therapy may overcome resistance to DA 
induction.

The MRD negative rate detected by flow cytometry after DA or IA regimen induction therapy is approximately 
43–70% after one cycle and and 56.0–70% after two cycles32–34. In our cohort, the MRD- rate after 2 cycles was 
65.5%, which is consistent with previous studies. Although the difference of MRD- rate in different groups was 
not statistically significant, the MRD- rate in the favourable risk group was higher than that in the adverse risk 
group. The MRD negative duration was longer in the adverse risk group than in the intermediate group, which 
may be related to the fact that more patients in the adverse risk group received allo-HSCT.

In analysis of different age subgroups, younger patients demonstrated higher CR rates after induction 
therapy, with a CR rate of 100% observed in the < 20 years age group. Among patients who did not achieve 
remission, those who switched to a different re-induction therapy early had higher remission rates after two 
cycles, particularly in the younger subgroups. Patients under 40 years of age had a longer MRD negative duration 
and median overall survival (OS), which may be related to the higher transplantation rate in this group.

The most common AEs associated with standard DA or other intensive induction regimens were hematologic 
AEs, including neutropenia, anemia and thrombocytopenia2,23,25. The most common non-hematologic AE was 
infection. All patients in our study had grade 3–4 hematological AEs during induction therapy, and the most 
common non-hematologic AE was infection, which is consistent with the conclusions of previous studies. Most 
of the AEs can be improved by symptomatic supportive treatment. In DAV induction regimen, all patients 
had hematological adverse effects above grade 3, and the incidence of nausea, diarrhea, mucositis, rash, and 
hemorrhage were 100%, 24%, 51%, 6%, and 39%, respectively9. In our study, the incidence of hematologic 
toxicity was the same as that of DAV regimen in young adult, but non-hematologic toxicity was significantly 
reduced. Based on these findings, we propose that young AML patients could initially receive DA regimen 
induction therapy, and for those who do not achieve remission, switching to an alternative treatment regimen 
may help mitigate the non-hematological toxicities commonly associated with three-drug combination 
induction therapies. Previous study found that the early death rate of DA regimen is 4.5–5.5%, and the early 
death rate of our study is 5.7%, which is close to that of previous studies2. Early death was mainly associated with 
severe infection and bleeding.

Our study found that early replacement of induction therapy regimen when DA or IA regimen did not achieve 
remission in newly diagnosed young AML patients was conducive to improving the remission rate of induction 
therapy. Venetoclax-based re-induction therapy has the potential to further improve efficacy. In addition, there 
were fewer adverse effects in venetoclax-based re-induction therapy compared to intense chemotherapy. We 
recommend that young patients with newly diagnosed AML be primarily treated with DA/IA induction therapy. 

Grade1 Grade2 Grade3 Grade4 Grade5 Total

Leukopenia 0 0 0 175 (100%) 0 175

Neutropenia 0 0 0 175 (100%) 0 175

Anemia 0 1 (0.6%) 174 (99.4%) 0 0 175

Thrombocytopenia 0 0 1 (0.6%) 174 (99.4%) 0 175

Infection 0 17 (9.7%) 129 (73.7%) 12 (6.9%) 9 (5.1%) 167

Fatigue 83 (63.4%) 33 (25.2%) 12 (9.2%) 3 (2.3%) 0 131

Nausea 71 (40.6%) 4 (2.3%) 0 0 0 75

Hyponatremia 36 (20.6%) 0 0 0 0 36

Hemorrhage 14 (8%) 15 (8.6%) 1 (0.6%) 1 (0.6%) 3 (1.7%) 34

Hypocalcemia 23 (13.1%) 11 (6.3%) 0 0 0 34

Hypokalemia 19 (10.9%) 4 (2.3%) 6 (3.4%) 2 (1.1%) 0 31

Diarrhea 9 (5.1%) 18 (10.3%) 1 (0.6%) 0 0 28

Vomiting 16 (9.1%) 8 (4.6%) 1 (0.6%) 0 0 25

Oral ulcer 9 (5.1%) 1 (0.6%) 0 0 0 10

Hyperbilirubinemia 7 (4%) 2 (1.1%) 0 1 (0.6%) 0 10

Rash 8 (4.6%) 1 (0.6%) 0 0 0 9

Abdominal distention 4 (2.3%) 1 (0.6%) 0 0 0 5

Constipation 1 (0.6%) 4 (2.3%) 0 0 0 5

Increased transaminase 4 (2.3%) 0 0 0 0 4

Hypernatronemia 1 (0.6%) 0 2 (1.1%) 0 0 3

Increased creatinine 0 0 3 (1.7%) 0 0 3

Heart failure 1 (0.6%) 0 1 (0.6%) 0 0 2

Hyperkalemia 1 (0.6%) 0 0 0 0 1

Hypercalcemia 1 (0.6%) 0 0 0 0 1

Table 5.  Adverse events.
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For those who fail to achieve remission, early replacement of re-induction therapy enhances the therapeutic 
efficacy of newly diagnosed young adult AML. Based on the comparison of efficacy and adverse reactions, 
venetoclax-based re-induction therapy may represent a better therapeutic option; however, confirmation 
through larger studies with more robust sample sizes is warranted. There are still nearly 10% of patients can not 
achieve remission, and how to overcome the problem of induction therapy resistance in this part of patients is 
worthy of further exploration.

Methods
Study design and participants
We conducted a retrospective analysis of untreated AML patients admitted to the First Affiliated Hospital of 
China Medical University from January 2020 to March 2024. The eligible patients were identified by bone marrow 
examination as having previously untreated new acute myeloid leukemia according to the criteria presented by 
WHO. Patients with acute promyelocytic leukemia were excluded. Each patient’s Eastern Cooperative Oncology 
Group (ECOG) performance status was less than 2. Patients with previous hematological malignancies, other 
malignancies, central nervous system involvement and active hepatitis were also excluded. Complete blood 
counts (CBCs), blood biochemical examination, electrocardiograms, cardiac ultrasound, and lung CT scans 
were conducted before induction therapy. According to Chinese guidelines for diagnosis and treatment of 
adult acute myeloid leukaemia (2017) ,each patient was eligible for intensive induction chemotherapy35. All 
patients received bone marrow morphology, karyotype, flow cytometry, fusion gene, and next generation 
sequencing(NGS) examination and were stratified for prognostic risk according to 2017 European Leukemia Net 
(ELN) recommendations36. We also re-stratified prognostic risk according to 2022 ELN recommendations17. All 
patients received at least induction therapy and experienced at least one bone marrow evaluation after therapy. 
Patients were evaluated by bone marrow morphology and minimal residual disease (MRD) examination after 
one cycle of induction therapy. MRD was evaluated by flow cytometry. MRD-positive as MRD ≥ 0.1% and 
MRD‐negative was defined as MRD < 0.1%. Survey data were collected from electronic records and all patients 
provided informed consent.

Treatment
The schema was shown in Fig.  1. All patients received IA or DA regimen induction therapy consisting of 
intravenous daunorubicin 60  mg/m2 or idarubicin 12  mg/m2 daily on days 1–3, cytarabine 200  mg/m² was 
divided into two subcutaneous injections daily on days 1–7. Patients with FLT3-ITD mutations were not treated 
with FLT3 inhibitors during induction therapy because midostaurin was not available in China and gilteritinib 
was approved only for relapsed or refractory AML. Following one cycle of induction therapy, patients who 
achieved CR and CRi (CR with incomplete blood cell count recovery) were categorized into consolidation 
therapy based on their risk stratification, in which patients who were eligible for allogeneic hematopoietic 
stem cell transplantation and had suitable donors and transplant intentions received hematopoietic stem cell 
transplantation. Patients who achieved PR were re-induced with the original regimen. Patients who did not 
achieve PR subsequently treated with other intense chemotherapy regimen or regimen that included venetoclax 
and azacitidine. All patients had at least two cycles of chemotherapy (with the exception of those who died early).

Outcome
The primary endpoint of this study was the composite CR(CRc) and overall response rate(ORR) after induction 
therapy. CRc including CR and CRi. ORR encompasses the total rates of CR, CRi and PR patients. The remission 
criteria followed the modified International Working Group response criteria for acute myeloid leukaemia37. 
The secondary endpoint was MRD-negative CRc rate after one cycle of induction therapy, the early death rate, 
MRD negative rate and overall survival(OS). Early mortality rate is defined as the rate of death within 30 days 
after chemotherapy. Overall survival represents the duration from treatment initiation to eventual death from 
any cause.

Adverse events(AEs) were assessed according to the Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0.

Statistical analysis
Population characteristics were summarized using descriptive statistics.The chi-squared tests were used to 
compare differences between groups. OS were described by the Kaplan-Meier curve and survival curves were 
compared using the log-rank test. All p-values are two-sided, with a significance level of 0.05. All statistical 
analyses were performed using Statistical Product and Service Solution (SPSS 26) and GraphPad Prism 9.
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