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Introduction

Leukemia is the most common type of cancer in children 
(aged 0–14 years). The incidence of leukemia is 42.33 per 
million in China1. Although AML accounts for approxi-
mately only one in four of all acute leukemias in children, it 
is the second most common cancer type in children aged 5 
years and older and in adolescents (aged 15–19 years)1. AML 
is characterized by greater than 20% myeloid blasts and is 
the most aggressive cancer with a variable prognosis depend-
ing upon the molecular subtype. In recent years, treatment 
outcomes for AML have improved due to precision risk strat-
ification and optimized chemotherapy regimens, with overall 
survival (OS) reaching 70%2,3. The current standard regimen 
for the treatment of AML is induction chemotherapy with 
anthracyclines and cytarabine, followed by a choice of che-
motherapy consolidation for patients with low to moderate 

risk or HSCT for patients with high risk, which depends on 
the patient’s risk stratification4. Approximately 80% to 90% 
of patients with AML achieve complete remission (CR) after 
induction therapy; however, AML has a high recurrence rate 
of approximately 40%5. After aggressive treatment with 
strong chemotherapy and HSCT, the prognosis for patients 
with recurrent AML remains very poor6. HSCT is undoubt-
edly an important treatment for AML, especially for patients 
with high risk and refractory/relapsed disease7. However, the 
high incidence of transplantation complications, the prog-
nostic impact, the risk stratification of transplantation 
patients, and the timing of transplantation interventions in 
the overall management of AML remain controversial in dif-
ferent research centers. This study retrospectively analyzed 
the clinical outcomes of 37 pediatric patients with AML 
treated with HSCT after induction of remission with the 
Chinese Children’s Leukemia Group (CCLG)–AML2015 
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Abstract
Allogeneic hematopoietic stem cell transplantation (HSCT) is an effective treatment for acute myeloid leukemia (AML). 
Pediatric patients with AML who relapse after HSCT have an extremely poor prognosis. We performed a retrospective 
study of pediatric patients diagnosed with AML from August 2015 to October 2019 who were treated with HSCT. Kaplan–
Meier analyses were used to evaluate overall survival (OS), event-free survival (EFS), and cumulative recurrence rate (CRR). 
Cox regression analysis was used to determine the association between the baseline characteristics and relapse. A total of 37 
pediatric patients met the inclusion criteria. Twenty-eight (75.7%) patients survived, and 9 (24.3%) patients died. The OS rates 
of AML patients treated with HSCT were 89.2% ± 5.1%, 75.7% ± 7.1%, and 75.7% ± 7.1% at 1, 3, and 5 years, respectively, 
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nine children who relapsed after transplantation died. Induction with etoposide rather than homoharringtonine and fungal 
infections could be high-risk factors for recurrence after transplantation. The association between homoharringtonine-
based induction therapy and a low recurrence rate persisted after adjusting for age, sex, risk stratification, fusion genes, and 
fungal infections. This study clarifies the clinical features and poor prognosis of post-transplant relapse in pediatric AML and 
indicates the urgent need for effective therapy for patients who relapse after HSCT.
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regimen at the Hematoma Center of Beijing Children’s 
Hospital, Capital Medical University, and analyzed possible 
factors affecting prognosis.

Patients and Methods

Patients

The study included 37 patients who underwent HSCT for 
AML at the Hematology Center of Beijing Children’s 
Hospital, Capital Medical University. Patients were selected 
if they met all of the following criteria: (1) have a clear diag-
nosis and typing of morphology–immunology–cytogenetics– 
molecular biology (MICM) and risk stratification, (2) high-
risk AML treated with the CCLG–AML2015 regimen before 
HSCT, (3) first allogeneic HSCT, and (4) initial diagnosis 
between 2015.8 and 2019.10. Patients who met any 
 of the following criteria were not included in this study:  
(1) diagnosis of acute promyelocytic leukemia (APL) and (2) 

temporary or palliative treatment without following the stan-
dard treatment protocol. The following data were recorded 
from the database of the hospital: demographics, diagnosis 
of MICM, induction regimen, disease status before HSCT, 
transplant characteristics, and complications.

Treatment Protocols

AML-CCLG2015 regime.  Induction therapy included two 
courses. Patients were randomly randomized 1:1 into one of 
the following two groups: the VP-16 group (DAE + IAE) 
and the HHT group (DAH + IAH). Consolidation therapies 
included MA, HA, CLASP, and HAs. However, not every 
consolidation regimen was used in patients enrolled prior 
to HSCT, and physicians suggested transplantation for 
patients after they achieved remission depending on their 
condition. The specific medications used in the regimen are 
detailed in Table 1. The CCLG-2015 protocol was a prospec-
tive and randomized clinical trial (registered trial number: 

Table 1.  AML-CCLG2015 Regime.

Regime Drugs Days Injection methods Dose (per day)

Induction therapy DAE/DAH
Course I

DNR 1, 3, 5 IV 40 mg/m2

Ara-C 1 to 7 IV 200 mg/m2

HHT (H group) 1 to 5 IV 3 mg/m2

VP-16 (E group) 1 to 5 IV 100 mg/m2

IAE/IAH
Course II

IDA 1, 3, 5 IV 10 mg/m2

Ara-C 1 to 7 IV 200 mg/m2

HHT (H group) 1 to 5 IV 3 mg/m2

VP-16 (E group) 1 to 5 IV 100 mg/m2

Consolidation therapy MA
Course III

Mitozantrone 1, 2 IV 10 mg/m2

Ara-C 1 to 3 IV 4 g/m2

HA
Course IV

HHT 1 to 7 IV 3 mg/m2

Ara-C 1 to 3 IV 2 g/m2

CLASP
Course V

L-ASP 2 IM 6000 U/m2

Ara-C (SR) 1,2 IV 6 g/m2

Ara-C (MR, HR) 1 to 3 IV 6 g/m2

A(Ara-C): cytarabine; AML: acute myeloid leukemia; CCLG: Chinese Children’s Leukemia Group; D(DNR): daunorubicin; E(VP-16): etoposide; H(HHT): 
homoharringtonine; HR: high risk; I(IDA): idarubicin; IR: medium risk; IV: intravenous injection; L-ASP: L-asparaginasum; M: mitozantrone; SR: standard risk; 
DAE: DNR+Ara-C+VP-16; DAH: DNR+Ara-C+HHT; IAE: IDA+Ara-C+VP-16; IAH: IDA+Ara-C+HHT; MA: Mitozantrone+Ara-C; HA: HHT+Ara-C; 
CLASP: Ara-C+L-ASP.
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ChiCTR-IPR-15006816). We used block randomization 
without stratification to minimize investigator and partici-
pant bias. The block size was set to 8, and a random sequence 
was generated according to a random number table. Alloca-
tion was concealed with random envelopes. This clinical trial 
was approved by the Institutional Ethics Committee of Bei-
jing Children’s Hospital.

HSCT
(1) Indications for HSCT.  If there is an appropriate donor, 

HSCT should be considered for patients with high-risk AML 
after course III of consolidation treatment.

(2) Donor and stem cell source.  Donor sources include 
unrelated donors and allogeneic and haploidentical donors. 
Stem cell sources include bone marrow and peripheral blood 
stem cells.

Conditioning regime.  Patients were pretreated with a modi-
fied conditioning regimen before transplantation: Ara-C 4 g/
m2.d, D-10 to -9; busulfan (BU) 3.2 mg/kg.d, D-8 to -6; cyclo-
phosphamide (CY) 1.8 g/m2.d, D-5 to -4; semustine (CCNU) 
250 mg/m2.d, D-1; total body irradiation (TBI) + fludarabine 
(FLU) + CY was used as the main conditioning regimen for 
patients with myeloid sarcoma.

Prevention of graft versus host disease.  In this study, 
mycophenolate mofetil (MMF) was used in combination 
with cyclosporine (CsA) and short-course methotrex-
ate (MTX) for the prevention of graft versus host disease 
(GVHD). CsA was given at 2.5 mg/kg.d intravenously 
from D7, and after stabilization, it was changed to 4–6 mg/
kg.d orally. The dose of CsA was adjusted according to 
the serum drug concentration to control the serum con-
centration at approximately 200 ng/mL, and the dose was 
gradually reduced from D60. For related haploidentical 
grafts, MMF was given orally from D1, and MTX was 
given 15 mg/m2 intravenously (D1, 3, 6, 9). Some patients 
transplanted with unrelated grafts were given antithymo-
cyte globulin (ATG) to prevent acute GVHD (aGVHD), 
and ATG was given 2.5 mg/m2 d, D-5 to -2. The dose and 
duration of administration were adjusted according to the 
presence or absence of GVHD.

Implantation standard assay.  The chimerism rate was 
detected by polymerase chain reaction (PCR) for short tan-
dem repeats (STR). Sex chromosome transformation and 
STR transferred to donor type or blood type transforma-
tion were used as evidence of whether the donor graft had 
implanted. The date of granulocyte implantation was the first 
day when neutrophils were ≥0.5 × 109/L for three consecu-
tive days. The date of platelet implantation was the first day 
when platelets were ≥20 × 109/L for seven consecutive days 
and no platelet transfusion was given.

Donor lymphocyte infusion.  Measurable residual disease 
(MRD) was detected by flow cytometry, 1 month after trans-
plantation. MRD was tested every 3 months thereafter if MRD 
turned negative and monthly if MRD remained positive. Donor 
lymphocyte infusion (DLI) was given monthly to AML patients 
with MRD positivity or MRD elevation greater than 1 log level 
6 months after HSCT or with recurrence of extramedullary 
lesions, with CD3+ cell count starting at 1 × 106/kg.

Definition

High risk at the time of initial diagnosis was defined as hav-
ing one adverse genetic and molecular abnormality, myeloid 
sarcoma or transformed AML. CR was defined as the pres-
ence of fewer than 5% blasts in the bone marrow, no leuke-
mic blasts in the peripheral blood or extramedullary sites, 
and recovery of blood counts. Relapse was defined as loss of 
CR (morphological relapse) or recurrence of leukemic blasts 
in the extramedullary sites (extramedullary relapse), and 
MRD turned to >10–2 with CR also belonging to relapse 
(molecular biology relapse).

Statistical Methods

The study population was analyzed by disease outcomes 
(relapse or nonrelapse). Patients’ demographic and clinical 
characteristics are described as the median (interquartile 
range [IQR]: Q1–Q3) or as percentages, as appropriate. 
Differences between groups were evaluated using the Mann–
Whitney U test for continuous variables and the chi-square 
test for categorical variables. Kaplan–Meier methods were 
used to evaluate the incidence rate of outcomes. We selected 
the variables with P < 0.20 in the analysis of the single fac-
tors for Kaplan–Meier survival curve estimation. Variables 
with P < 0.1 and well-established predictors were selected as 
confounding variables in the multivariable analyses. Cox 
regression analysis was used to determine the association 
between the baseline characteristics and relapse. In this 
model, we adjusted for age and sex. Mononuclear cell (MNC) 
counts were transformed into a classification variable based 
on the tertile and incorporated into survival analysis. The pri-
mary objective of this study was to evaluate cumulative 
recurrence rate (CRR), which was defined as the interval 
from the date of HSCT to the first relapse post-transplant or 
the end of the study (death or last follow-up). OS was defined 
as the interval from the date of AML diagnosis to death or the 
last follow-up. Event-free survival (EFS) was defined as the 
interval from the date of HSCT to the first event or last  
follow-up, and death and relapse were treated as events. The 
probabilities of CRR, OS, and EFS were estimated by the 
Kaplan–Meier method. Analyses were performed with SPSS 
26.0 (IBM, Chicago, IL, USA) and R version 3.4.0 (R Core 
Team, Vienna, Austria). All the tests were two-sided, and a P 
value of <0.05 was considered statistically significant.
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Results

Baseline Characteristics of Patients

Among the 37 enrolled patients, the median age was 6.00 
(IQR: 3.00–10.50) years, and 26% were male. Baseline 
characteristics among the nonrelapse and relapse groups are 
presented in Table 2. In general, the baseline characteristics 

were well balanced between the two groups; however, 
patients with relapse had not been induced with the DAH 
regimen (P = 0.005), had higher MNC counts (P = 0.040), 
had paternal haploSCT (P = 0.143), had cytomegalovirus 
(CMV) infection (P = 0.143), had fungal infection  
(P = 0.025), and had a shorter follow-up time after HSCT 
(P = 0.009).

Table 2.  Baseline Characteristics According to Control and Relapse.

Variables Total, N = 37 Non-relapse, N = 28 Relapse, N = 9 P

Age of HSCT, years 6.00 (3.00–10.50) 4.50 (2.20–10.75) 7.00 (4.50–10.00) 0.320
Gender (male) 26 (70.27) 20 (71.43) 6 (66.67) 0.786
Initial WBC (>100 × 109/L) 1 (2.70) 1 (3.57) 0 (0.00) 0.565
MLL rearrangement (+) 11 (29.73) 8 (28.57) 3 (33.33) 0.786
AML1-ETO (+) 10 (27.03) 8 (28.57) 2 (22.22) 0.709
Complex karyotype 6 (16.22) 4 (14.29) 2 (22.22) 0.574
Myeloid sarcoma 8 (21.62) 5 (17.86) 3 (33.33) 0.963
CNS leukemia 2 (5.41) 2 (7.14) 0 (0.00) 0.410
Testicular leukemia 0 (0) 0 (0) 0 (0) -
Risk stratification 0.963
  Low/middle 8 (21.62) 5 (17.86) 3 (33.33)  
  High 29 (78.38) 23 (82.14) 6 (66.67)  
Induction regime 0.005
  DAE 18 (48.65) 10 (35.71) 8 (88.89)  
  DAH 19 (51.35) 18 (64.29) 1 (11.11)  
CR1 37 (100) 28 (100) 9 (100) -
Donor (father) 21 (56.8) 14 (50.00) 7 (77.8) 0.143
Donor (relative) 37 (100) 28 (100) 9 (100) -
HLA10/10 3 (8.11) 3 (10.71) 0 (0.00) 0.306
Donor gender (male) 23 (62.16) 16 (57.14) 7 (77.78) 0.267
Same genders between donor and recipient 22 (59.46) 16 (57.14) 6 (66.67) 0.613
MNC count, 108/L 8.94 (7.11–12.77) 8.37 (6.66–12.13) 12.67 (8.92–16.62) 0.040
CD34+ cell count, 106/L 7.98 (6.59–9.94) 8.12 (6.78–9.95) 7.95 (6.09–9.36) 0.735
Time to N implantation 12.00 (11.00–15.75) 12.00 (11.00–16.00) 12.00 (11.00–13.00) 0.440
Time to PLT implantation 12.00 (11.00–16.00) 12.50 (11.00–16.25) 12.00 (10.50–13.00) 0.647
DLI 14 (37.84) 9 (32.14) 5 (55.56) 0.208
aGCHD classification 0.306
  1 14 (37.84) 12 (42.86) 2 (22.22)  
  2 8 (21.62) 5 (17.86) 3 (33.33)  
  3 7 (18.92) 4 (14.29) 3 (33.33)  
  4 2 (5.41) 2 (7.14) 0 (0.00)  
cGVHD 25 (67.57) 18 (64.29) 7 (77.78) 0.452
CMV infection 21 (56.76) 14 (50.00) 7 (77.78) 0.143
EBV infection 6 (16.22) 5 (17.86) 1 (11.11) 0.633
BKV infection 2 (5.41) 2 (7.14) 0 (0.00) 0.410
HPV B19 infection 1 (2.70) 1 (3.57) 0 (0.00) 0.565
Bacterial Infection 14 (37.84) 10 (35.71) 4 (44.44) 0.639
Fungal infection 7 (18.92) 3 (10.71) 4 (44.44) 0.025
Hemorrhagic cystitis 10 (27.03) 8 (28.57) 2 (22.22) 0.709
Follow up after HSCT, months 37.00 (11.0–45.50) 41.00 (28.25–46.75) 15.00 (4.00–29.00) 0.009
Survival time, months 42.00 (25.5–50.50) 43.00 (32.00–50.75) 40.00 (13.50–50.00) 0.480

Normal data are given as medians; qualitative variables are given as numbers (percentages). AML: acute myeloid leukemia; CMV: cytomegalovirus; CNS: 
central nervous system; DAE:  DNR+Ara-C+VP-16; DAH:  DNR+Ara-C+HHT; CR1: first complete remission; CD: Cluster of differentiation; DLI: donor 
lymphocyte infusion; HLA: human leukocyte antigen; MLL rearrangement: excluding MLL-AF9; MNC: mononuclear cell; N: neutrophils; PLT: platelet; risk 
stratification: risk stratification at the time of initial diagnosis, and the final risk stratification may escalate due to poor treatment outcomes; WBC: white 
blood cell; EBV: Epstein-Barr virus; BKV: BKpolyomavirus; HPV: human papilloma virus.
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Survival Analysis

By the follow-up date, 28 (75.7%) patients survived, 9 (24.3%) 
patients died, and 9 (24.3%) patients relapsed. The OS rates of 
AML patients treated with HSCT were 89.2% ± 5.1%, 
75.7% ± 7.1%, and 75.7% ± 7.1% at 1, 3, and 5 years, respec-
tively; the EFS rates were 75.7% ± 7.1%, 64.4% ± 8.0%, and 
57.2% ± 9.8% at 1, 3, and 5 years after HSCT, respectively; 
and the CRR rates were 11.4% ± 5.4%, 24.7% ± 7.7%, and 
33.1% ± 10.4% at 1, 3, and 5 years after HSCT, respectively 
(Figs. 1 and 2). The causes of death included relapse (n = 4, 
44.4%), infection (n = 2, 22.2%), aGVHD (n = 2, 22.2%), 
and cGVHD (n = 1, 11.1%). The treatment and prognosis of 

relapsed patients are shown in Table 3. Fourteen patients 
(37.8%) were treated with DLI for positive MRD conversion 
or logarithmic grade elevation, and each patient received 
4.7 ± 4.15 DLI on average. Only five patients who received 
DLI progressed to relapse.

The Kaplan–Meier curve showed that patients treated 
with the induction regimen of DAE experienced a signifi-
cantly higher risk of relapse after HSCT than patients induced 
with the DAH regimen (log-rank test, P = 0.013 < 0.05; 
Fig. 3A). Patients with fungal infection experienced a higher 
risk of relapse than patients without fungal infection (log-
rank test, P = 0.013 < 0.05; Fig. 3E). The Kaplan–Meier 
curve also showed that patients who had a paternap donor or 

Figure 1.  OS estimated by Kaplan–Meier, time from the initial diagnosis of AML (A), EFS estimated by Kaplan–Meier, time from the day 
of HSCT (B). AML: acute myeloid leukemia; EFS: event-free survival; HSCT: hematopoietic stem cell transplantation; OS: overall survival.

Figure 2.  CRR estimated by Kaplan–Meier, time from the day of HSCT. CRR: cumulative recurrence rate; HSCT: hematopoietic stem 
cell transplantation.
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who had CMV infection after HSCT experienced a higher 
risk of relapse than patients in the corresponding groups, but 
these differences were not statistically significant (log-rank 
test, P = 0.17 > 0.05 and P = 0.14 > 0.05, respectively; 
Fig. 3C, D). The Kaplan–Meier curve showed that the relapse 
risk between patients who had infused different MNC counts 
was not significantly different (log-rank test, P = 0.069 > 
0.05; Fig. 3B). The association between homoharringtonine-
based induction therapy and low recurrence rate persisted 
after adjusting for age, sex, risk stratification, fusion genes, 
and fungal infections. The adjusted hazard ratios were 0.093 
(95% confidence interval (CI) = 0.009–0.920; P = 0.042) for 
homoharringtonine versus etoposide-based induction ther-
apy (Table 4).

GVHD

There were 31 patients (83.8%) who had acute GVHD, 22 of 
whom had I–II GVHD. Twenty-five patients (67.6%) had 
chronic GVHD, one patient had interstitial lung disease 
resulting in decreased lung function, and one patient died of 
chronic intestinal GVHD.

Discussion

Allogeneic HSCT in AML patients in remission is the stron-
gest anti-leukemic therapy available because of the cytore-
ductive conditioning and the immunologic anti-leukemic 
graft-versus-leukemia effect. Allogeneic HSCT is more 
suitable for the subtype of AML where conventional che-
motherapy is unlikely to achieve long-lasting remission, 
especially in refractory/recurrent AML8. Previous studies9 
have shown that allogeneic HSCT treatment reduces the 
relapse rate by 10% in children with newly diagnosed 
AML, but post-transplant relapse is the leading cause of 
post-transplant mortality, and once relapsed, treatment 
options are limited with extremely poor efficacy.

In this study, we focused on analyzing and summarizing the 
recurrence and death after transplantation in pediatric AML 
patients and identifying adverse factors of post-transplanta-
tion recurrence by analyzing the primary disease characteris-
tics, transplantation characteristics, and post-transplantation 
complications. Our study showed that the 5-year OS rates of 
AML patients treated with HSCT were 75.7% ± 7.1% at 5 
years, and the 5-year CRR rates were 33.1% ± 10.4% after 
HSCT, while a study10 of transplanted AML patients in our 
hospital during 2005 to 2015 showed that the 5-year OS was 
61. 1% ± 8.7%, and the 5-year CRR was 16. 0% ± 6.0%. Data 
from different time periods showed a significant improvement 
in the OS rate and an increase in the CRR in transplant patients. 
The improvement in survival may be due to improvements 
in HSCT conditioning regimes, diversity in donor selection, 
infection control and means of pathogen surveillance, 
advances in comprehensive supportive care, and maturation of 
transplant teams. The increased recurrence rate and higher sur-
vival rates seem to be contradictory phenomena, which we 
consider to be related to advances in MRD detection technol-
ogy, allowing physicians to detect recurrence earlier and give 
patients pre-emptive treatment, such as DLI.

As treatment-related toxicity and mortality continue to 
improve, relapse has become the most important cause of 
treatment failure, and new approaches are needed to make 
the next large leap forward in transplantation for AML. This 
study showed that post-transplant leukemia relapse was the 
leading cause of death, with 4 of 9 children who relapsed 
after transplantation experiencing death. It is worth noting 
that up to 44.4% of deaths were attributed to leukemia, which 
highlights how difficult it is to manage AML once patients 
have developed post-transplant relapse. DLI can enhance the 
graft-versus-leukemia effect and is an important method to 
reduce relapse after HSCT11. In this study, 14 patients 
(37.8%) were treated with DLI for positive MRD conversion 
or logarithmic grade elevation, and only 5 of them progressed 
to relapse. A retrospective study12 showed that 46 patients 

Table 3.  Treatment and Prognosis of Patients Who Relapsed After HSCT.

No. Relapse time Relapse sites Main treatment Effect Outcome

P1 3 m+ Bone marrow Treatment abandoning – Death
P2 4 m+ Bone marrow, testiclesskin DLI, Treatment 

abandoning
– Death

P3 4 m+ Myeloid sarcoma Secondary HSCT Second relapse of myeloid sarcoma Death
P4 5 m+ Bone marrow, mesentery, 

submandibular gland
Treatment abandoning – Death

P5 15 m+ Bone marrow (molecular biology) Secondary HSCT Sustained CR, MRD Fluctuation, 
given DLI again

Survival

P6 22 m+ CNS Secondary HSCT CNS (–) Survival
P7 26 m+ Bone marrow (molecular biology) DLI Sustained CR, MRD Fluctuation Survival
P8 35 m+ Bone marrow Secondary HSCT Sustained CR Survival
P9 46 m+ Bone marrow (molecular biology) Secondary HSCT Sustained CR, MRD (–) Survival

CNS: central nervous system; CR: complete remission; DLI: donor lymphocyte infusion; HSCT: hematopoietic stem cell transplantation; m: month; MRD: 
minimal residual disease; Relapse time: from the day of stem cell infusion.
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with high-risk AML given DLI treatment 120 days after 
HSCT had a higher 7-year OS than matched controls (34 
patients) (67% vs. 31%, P < 0. 001). The success of thera-
peutic DLI is strongly correlated with the leukemia load at 
the time of relapse and the remission status at the time of DLI 
application13. Therefore, it is important to monitor for MRD 
regularly after transplantation for early detection of relapse. 
Regrettably, there is a lack of clear guidelines on the indica-
tions, timing, and dose of prophylactic DLI.

AML therapy is approaching an era where the promise of 
targeting small molecule inhibitors and biologics agents has 
been realized since 201714. Therefore, new directions have 
emerged for post-transplant maintenance therapy to prevent 

Figure 3.  Kaplan–Meier estimate value and the risk of relapse ranked by induction program (A), infusion counts of MNC (B), whether 
donor was father (C), CMV infection (D), and fungal infection (E). CMV: cytomegalovirus; MNC: mononuclear cell.

Table 4.  Association Analysis of Clinical Features and Relapse in 
COX Regression.

Variables
HR (95% confidence 

interval) P

Age 0.510 (0.081–3.266) 0.474
Sex 0.463 (0.049–4.363) 0.501
Risk stratification 2.525 (0.259–24.655) 0.426
Induction Program 0.093 (0.009–0.920) 0.042
MLL-rearrangement 0.326 (0.057–1.851) 0.206
fungal infections 0.325 (0.073–1.447) 0.140

Adjusted age, sex, risk stratification, MLL-rearrangement and fungal 
infections. HR: hazards ratio.
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recurrence. Clinical trials using post-transplant FLT3 inhibi-
tors, such as sorafenib and midostaurin, have shown feasibil-
ity, safety, and encouraging post-transplant outcomes15 
Venetoclax has been shown to be effective in combination 
with hypomethylating agents or low-dose cytarabine in chil-
dren with AML16 and should be taken seriously as mainte-
nance therapy after HSCT. In addition, one study17 showed 
that donor memory-like natural killer (NK) cells robustly 
expand and persist with potent anti-leukemic activity in the 
absence of exogenous cytokines and presented a novel 
immunotherapy platform for AML that relapsed after alloge-
neic HSCT in combination with DLI17. The role of other cell-
based therapies, including chimeric antigen receptor T-cell 
immunotherapy (CAR-T), in AML is currently being 
investigated18.

In this study, univariate analysis showed that fungal infec-
tions after transplantation might be a high-risk factor for 
recurrence after transplantation. Although multifactor analy-
sis was not statistically significant, it was still evident on the 
survival curve that patients without fungal infections had a 
lower recurrence rate. Interestingly, the patients included in 
this study were treated with two regimens of DHA and DAE 
for induction therapy, and the Kaplan–Meier curve showed 
that patients treated with the induction regimen of DAE expe-
rienced a significantly higher risk of relapse after HSCT than 
patients induced with the DAH regimen. The association 
between homoharringtonine-based induction therapy and low 
recurrence rate persisted after adjusting for age, sex, risk 
stratification, fusion genes and fungal infections, providing 
more favorable evidence for considering homoharringtonine-
based induction therapy as a favorable factor in reducing 
post-transplant recurrence. Although homoharringtonine is a 
commonly used chemotherapeutic agent that has been used as 
standard therapy for AML in China19, the relationship between 
homoharringtonine and relapse after transplatation and the 
reason homoharringtonine reducing relapse have not been 
reported in previous studies. But it is a great interest, and a 
larger/prospective study should been considered. Previous 
studies10,20 have shown that myeloid sarcoma and the number 
of remissions are important poor prognostic factors. Myeloid 
sarcoma leads to lower survival rates and shorter survival 
times. Those with a high number of remissions have a worse 
prognosis than patients in first remission. A retrospective 
study20 showed that the 5-year OS and 5-year disease-free 
survival (DFS) of 51 patients treated with HSCT because of 
myeloid sarcomas were 47% and 36%, respectively. All 
patients were transplanted after their first remission in this 
study, and no adverse association between myeloid sarcoma 
and relapse was found, which was considered to be related to 
the small sample size. However, of the five children who 
received a second HSCT treatment, one patient who had a 
recurrence of myeloid sarcoma after the first HSCT had a sec-
ond recurrence of myeloid sarcoma after the second trans-
plantation and eventually died, while the remaining four 
children with nonmyeloid sarcoma recurrence had a good 

prognosis, suggesting to some extent there is a poor prognosis 
for myeloid sarcoma recurrence.

GVHD is an important transplant-related comorbidity. In 
this study, due to the short observational follow-up period, 
the impact of chronic GVHD later on survival is not clear. 
Attention should be given to chronic GVHD, and its impact 
on the quality of survival should not be ignored.

This study was influenced by the small sample size due to 
the prevalence of AML in children, and future multicenter 
studies should include larger sample sizes and longer follow-
up to reduce bias. HSCT is an effective treatment for AML, 
especially refractory/relapsed AML. Post-transplant relapse 
is a major cause of death, and secondary transplantation after 
relapse is an effective means of salvage for such patients. It 
is believed that with the in-depth understanding of the patho-
genesis of AML, the improvement of chemotherapy regi-
mens and supportive therapy, and the advancement of 
transplantation technology, we can further reduce transplant 
infection-related mortality, explore post-transplant immuno-
therapy to reduce AML recurrence rates, and further improve 
overall AML survival.
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