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Risk factors for post-transplant
relapse and survival in younger
adult patients with t(8;21)(q22;
q22) acute myeloid leukemia
undergoing allogeneic
hematopoietic stem cell
transplantation: A multicenter
retrospective study
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School of Biomedical Engineering, Shenzhen University Medical School, Shenzhen, Guangdong, China,
3Department of Endoscopy, National Clinical Research Center for Cancer, Key Laboratory of Molecular
Cancer Epidemiology of Tianjin, Key Laboratory of Cancer Prevention and Therapy, Tianjin’s Clinical
Research Center for Cancer, Tianjin Medical University Cancer Institute and Hospital, Tianjin, China,
4Department of Hematology, Chinese PLA No. 965 Hospital, Jilin, China, 5School of Biomedical
Engineering, Shenzhen University Medical School, Shenzhen, Guangdong, China, 6Department of
Hematology and Oncology, International Cancer Center, Shenzhen Key Laboratory of Precision
Medicine for Hematological Malignancies, Shenzhen University General Hospital, Shenzhen University
Clinical Medical Academy, Shenzhen University Medical School, Shenzhen, Guangdong, China
Background: Outcomes of patients with t(8;21)(q22;q22) acute myeloid leukemia

(AML) after allogeneic hematopoietic stem cell transplantation (allo-HSCT) remain

heterogeneous.

Methods: To identify the risk factors for relapse and survival after allo-HSCT in t

(8;21) AML patients, we retrospectively evaluated the clinical and prognostic

information of 142 patients with t(8;21) AML undergoing allo-HSCT between

January 2002 and September 2018 at 15 hematology research centers in China.

Results: Twenty-nine patients (20%) relapsed after undergoing allo-HSCT. A > 1-

log reduction in RUNX1/RUNX1T1-based minimal residual disease (MRD) directly

before allo-HSCT and a > 3-log reduction within the first 3 months after allo-HSCT

were associated with a significantly lower post-transplant 3-year cumulative

incidence of relapse (CIR, 9% vs. 62% and 10% vs. 47%,all P < 0.001), whereas

transplantation during the second complete remission (CR2, 39% vs. 17% during

CR1, P = 0.022), during relapse (62% vs. 17% during CR1, P < 0.001) and KIT D816

mutations at diagnosis (49% vs. 18%, P = 0.039) were related to a significantly

higher 3-year CIR. Multivariate analysis demonstrated that a > 1-log reduction in

MRD directly before transplantation (CIR: hazard ratio(HR), 0.21 [0.03–0.71], P =
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0.029; overall survival (OS): HR = 0.27 [0.08–0.93], P = 0.038) and a > 3-log

reduction in post-transplant MRD within the first 3 months (CIR: HR = 0.25 [0.07–

0.89], P = 0.019; OS: HR = 0.38 [0.15–0.96], P = 0.040) were independent

favorable prognostic factors, and transplantation during relapse (CIR: HR = 5.55

[1.23–11.56], P = 0.041; OS: HR = 4.07 [1.82–20.12], P = 0.045) were independent

adverse prognostic factors for post-transplant relapse and survival in patients with t

(8;21) AML.

Conclusion:Our study suggests that for patients with t(8;21) AML undergoing allo-

HSCT, it would be better to receive transplantation during CR1 with a MRD directly

before transplantation achieving at least 1-log reduction. MRD monitoring in the

first 3 months after allo-HSCT might be robust in predicting relapse and adverse

survival after allo-HSCT.
KEYWORDS

RUNX1/RUNX1T1, allogeneic hematopoietic stem cell transplantation, acute myeloid
leukemia, relapse, minimal residual disease, t(8;21)
Introduction

Acute myeloid leukemia (AML) with chromosomal translocation

t(8;21)(q22;q22) is a common type of AML that occurs in

approximately 7–8% of adult patients with AML (1, 2). Although

patients with t(8;21) AML have been reported to have favorable

prognosis, the outcomes for these patients remain heterogeneous.

Approximately 30–40% of patients relapse after achieving complete

remission (CR) (3–5). Furthermore, additional gene mutations

(especially KIT mutations), other cytogenetic abnormalities, and

several clinical features such as age and white blood cell counts at

diagnosis, have been identified to be associated with a high risk of

relapse and poor survival in t(8;21) AML patients (4, 6). Several

studies have demonstrated that allogeneic hematopoietic stem cell

transplantation (allo-HSCT) can significantly improve the outcomes

of high-risk patients with t(8;21) AML (7). However, post-transplant

relapse still occurs in approximately 10–20% of patients who have

received allo-HSCT, thus resulting in poor survival outcomes (8, 9).

Therefore, it is important to determine potential risk factors for

relapse and survival after allo-HSCT in patients with t (8;21) AML.

Owing to the relatively lower application rates of allo-HSCT in t

(8;21) AML, there have been few studies on the prognostic factors

after allogeneic transplantation in t(8;21) AML. To date, several

studies have consistently reported that the minimal residual disease

(MRD) status after allo-HSCT, detected via RUNX1-RUNX1T1

transcript levels, might be a powerful biomarker for predicting

post-transplant relapse (8, 10). However, some discrepancies

remain in research results from different clinical centers. Whether

pre-transplant MRDmeasurements immediately before allo-HSCT or

KIT mutations can predict relapse after transplantation remains

controversial (8, 10). Therefore, we conducted a multicenter
02
retrospective study to identify potential risk factors for relapse and

survival after allo-HSCT in patients with t(8;21) AML.
Materials and methods

Patients

A total of 651 patients with t(8;21) AML, who were diagnosed

between January 2002 and September 2018, were retrospectively

collected from 15 AML study groups in China, as described in our

previous studies (11, 12). The exclusion criteria for this study were as

follows: (1) 37 patients who had no treatment information; (2) 54

patients aged < 14 years or > 60 years; (3) 418 patients who did not

receive allo-HSCT. Finally, 142 consecutive patients with t(8;21) AML

aged 14–60 years who underwent allo-HSCT were included in this

study. This study was conducted in accordance with the principles of

the Declaration of Helsinki and the Institutional Review Board

guidelines of the participating institutions.
Pre-transplant treatment

All patients received 1–2 cycles of the standard ‘7 + 3’ induction

chemotherapy regimen and achieved the first CR (CR1). The post-

remission consolidation therapy was either single intermediate- to

high-dose cytarabine or cytarabine combined with an anthracycline.

The patients received at least two cycles of consolidation therapy

before undergoing allo-HSCT. The details of the therapeutic protocols

have been reported previously (11). Patients who met the following

criteria were recommended for allo-HSCT: (1) KIT mutations at
frontiersin.
org
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diagnosis, (2) bone marrow relapse, and (3) MRD reduction of < 3-log

after 2–4 cycles of consolidation chemotherapy.
Conditioning regimens and graft-versus-
host disease (GVHD) prophylaxis

Conditioning regimens were classified as myeloablative (MAC) or

reduced-intensity (RIC) as recommended (13). MAC primarily

included modified busulfan (1 mg/kg/6h × 3 days) +

cyclophosphamide (50 mg/kg/day × 2 days), and total body

irradiation (TBI) of 800–1000 cGy over one or two doses +

cyclophosphamide (50 mg/kg/day × 2 days). RIC primarily

included fludarabine at 30 mg/m2/d for 5 days + busulfan at 3.2

mg/kg/d for 2 days or reduced-dose TBI.
KIT mutation screening and
MRD monitoring

KIT gene mutations in exons 17 and 8 were detected using direct

sequencing. MRD was monitored via RUNX1/RUNX1T1 and ABL

transcripts levels, which were quantified using TaqMan-based real-time

quantitative reverse transcription polymerase chain reaction (RT-PCR)

according to the recommendations of the Europe Against Cancer

program (14). MRD was regularly assessed after every cycle of

chemotherapy, directly before transplantation and serially at the 1, 2

and 3, 6, 9, 12, 24, 36, and 60 months after allo-HSCT. The MRD log

reduction were calculated with the pretreatment RUNX1/RUNX1T1 level

at diagnosis as baseline. In this study, the pre-transplant MRD was

defined as the MRD assessed directly before allo-HSCT.
Statistics

The primary endpoint of interest was cumulative incidence of relapse

(CIR) after transplantation. Event-free survival (EFS) and overall survival

(OS) following transplantation were secondary endpoints of interest. The

CIR, EFS, and OS were calculated from the date of stem cell reinfusion.

Survival probabilities were determined using Kaplan-Meier plots, and a

log-rank test was used to assess the differences in EFS and OS between

groups. Gray’s method was used to assess differences in CIR (15).

Univariate and multivariate analyses for EFS and OS were performed

using the Cox proportional hazards regression model (16) and a Fine-

Gray proportional hazards model was used to estimate the CIR. The

multivariate model was built by backward selection of significant factors

at P < 0.10 in the univariate analysis. Statistical significance was defined as

a two-sided P value of < 0.05. Statistical analyses were conducted using

Stata Statistical Software, version 15.1 (StataCorp) and R (version 3.3.3).
Results

Clinical characteristics of the patients

Table 1 summarizes the clinical characteristics at diagnosis and

transplant-related events of 142 t(8;21) AML patients who underwent
Frontiers in Oncology 03
TABLE 1 The clinical characteristics at diagnosis and transplant-related
events of 142 patients undergoing allo-HSCT.

Factor n = 142

Age, median (range) 30 (14, 54)

Sex

Male 86/142 (60.6%)

Female 56/142 (39.4%)

WBC, × 109/L 9.6 (1.0, 68.0)

HB (g/L), median (range) 75 (20, 138)

PLT (×109/L), median (range) 30 (2, 170)

Blasts in BM (%) 46 (7, 91)

Karyotype

Sole t(8;21) 41/103 (39.8%)

Additional abnormalities other than t(8;21) 62/103 (60.2%)

KIT mutation

Negative 66/91 (72.5%)

Positive 25/91 (27.5%)

D816 12/25 (48.0%)

Others 5/25 (20.0%)

Unknown 8/25 (32.0%)

Time from diagnosis to transplant, months

Median (range) 7 (2, 67)

<6 62/142 (43.7%)

6 - 12 56/142 (39.4%)

>12 24/142 (16.9%)

Disease status prior to transplantation

CR1 116/142 (81.7%)

CR2 18/142 (12.7%)

Relapse 8/142 (5.6%)

Conditioning regimen

MAC 98/107 (91.6%)

RIC 9/107 (8.4%)

Type of donor

HLA-identical sibling 62/142 (43.7%)

HLA-mismatched related 61/142 (42.9%)

HLA-matched unrelated 10/142 (7.1%)

HLA-mismatched unrelated 9/142 (6.3%)

Graft type

BM 22/142 (15.5%)

PB 90/142 (63.4%)

PB + BM 30/142 (21.1%)
WBC, white blood cell counts; HB, hemoglobin; PLT, platelets; BM, bone marrow; CR1, first
complete remission; CR2, second complete remission; MAC, myeloablative conditioning; RIC,
reduced intensity conditioning; HLA, human leukocyte antigen.
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allo-HSCT. The median age of the patients at diagnosis was 30 years

(range: 14–54 years). The median follow-up time after allo-HSCT was

31.2 months (range: 0.9–135.6 months). Twenty-nine patients (20%)

relapsed after allo-HSCT. The median relapse time after allo-HSCT

was 6.4 months (range: 0.7–88.1 months) in the 29 relapsed patients.

The 3-year CIR, EFS, and OS rates were 21% (95% confidence interval

(CI): 15–29%), 63% (95% CI: 54–71%), and 69% (95% CI: 60–

76%), respectively.
Undergoing allo-HCST in CR2 and
relapse are associated with worse
transplantation outcomes

Overall, 116 patients (81.7%) underwent allo-HSCT during CR1,

18 (12.7%) during the second CR (CR2), and 8 (5.6%) during relapse
Frontiers in Oncology 04
(Table 1). Compared with patients who underwent allo-HSCT in CR2

and relapse, patients who underwent allo-HSCT in CR1 had a

significantly lower incidence of post-transplant relapse (3-year CIR,

17% vs. 39% and 62%, respectively, P < 0.001; Figure 1A), better EFS

(3-year EFS, 71% vs. 38% and 24%, respectively, P < 0.001; Figure 1B),

and better OS (3-year OS, 78% vs. 31% and 25%, respectively, P <

0.001; Figure 1C).
The role of pre-transplant MRD directly
before allo-HSCT in predicting post-
transplant relapse

To explore the prognosis of pre-transplant MRD for the outcomes

after allo-HSCT, 109 patients with data of MRD directly before

transplantation were involved in this analysis. For the patients

achieving > 4-log (n = 31), 3-log to 4-log (n = 12), 2-log to 3-log,

1-log to 2-log (n =16), and <1-log (n = 14) MRD reduction assessed

directly before transplantation, the 3-year CIR were 17%, 0%, 0%,

20%, and 61%, respectively (Figure 2). The estimated CIR showed no

significant differences among patients with MRD > 1-log reduction

(MRD > 4-log reduction (n = 31) vs. 2–4-log reduction (n = 40), 14%

vs. 0%, P = 0.078; MRD > 2-log reduction (n = 71) vs. 1–2-log

reduction (n = 16), 6% vs. 20%, P = 0.080, Figure 2). However,

patients with pre-transplant MRD <1-log reduction (n = 14, 62% vs.

9%, P < 0.001) and patients in relapse (n = 8, 63% vs. 9%, P < 0.001)

were both associated with significantly higher CIR than those with

pre-transplant MRD > 1-log reduction (n = 87, Figure 2). We noticed

that among patients with pre-transplant MRD > 4-log reduction, four

patients experienced post-transplant relapse. However, it is

noteworthy that all of them experienced extramedullary relapse

(EMR) instead of bone marrow relapse (BMR). And two of them

had extramedullary infiltration at the time of diagnosis. This might
A

B

C

FIGURE 1

Prognostic impact of disease status at transplantation on outcomes.
(A) Cumulative incidence of relapse (CIR), (B) event-free survival (EFS),
and (C) overall survival (OS).
FIGURE 2

CIR rates of the patients grouped by the MRD log reduction directly
before allo-HSCT.
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suggest that the status of pre-transplant MRD might not be strongly

associated with the post-transplant EMR.
A > 3-log reduction in MRD within the first 3
months after allo-HSCT may predict post-
transplant relapse

The value of MRD monitoring after transplantation was further

explored in 89 patients with complete data of MRD within the first 3

months after transplantation. We found that patients achieving MRD

> 3-log reduction at each of the first three months after

transplantation (n = 73) had significantly lower CIR (3-year CIR,

10% vs. 47%, respectively, P < 0.001), better EFS (3-year EFS, 77% vs.

42%, respectively, P = 0.002), and better OS (3-year OS, 78% vs. 47%,
Frontiers in Oncology 05
respectively, P = 0.005) than those who did not achieve > 3-log

reduction at least once during the first 3 months after transplantation

(n = 16, Figures 3A–C). For the 16 patients with a < 3-log MRD

reduction in the first 3 months after all-HSCT, 8 of them (50.0%)

received donor lymphocyte infusions (DLI) and 3 of them (18.7%)

received azacytidine as interventional therapy. Seven (7/16, 43.7%) of

the 16 patients relapsed during the follow-up period, among whom 1

had received DLI and 1 received azacytidine. When the cut-off value

was set at 4-log reduction, the results demonstrated that patients with

MRD > 4-log reduction (n = 63) showed slightly, but not significantly,

lower CIR (3-year CIR, 12% vs. 30%, respectively, P = 0.063), better

EFS (3-year EFS, 75% vs. 59%, respectively, P = 0.084), and better OS

(3-year OS, 77% vs. 58%, respectively, P = 0.070) than those without >

4-log reduction (n = 26, Figures 3D–F).
A

B

D

E

FC

FIGURE 3

Prognostic impact of MRD within the first 3 months after allo-HSCT on outcomes. (A–C) CIR, EFS, and OS with cut-off value set at 3-log reduction,
(D–F) CIR, EFS, and OS with cut-off value set at 4-log reduction.
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Patients with KIT-D816 mutations is
likely to be correlated with worse
transplantation outcomes

Among the 91 consecutive patients screened for KITmutations at

diagnosis, 25 (27.5%) had KIT mutations, among which 12 had KIT-

D816 mutations and 5 had other KIT mutations (Table 1). The CIR

(3-year CIR, 36% vs. 19%, respectively, P = 0.197), EFS (3-year EFS,

56% vs. 66%, respectively, P = 0.477) and OS (3-year OS, 62% vs. 69%,

respectively, P = 0.629) were not significantly different between

patients with and without KIT mutations (Figures 4A–C). However,

patients with KIT-D816 mutations were associated with significantly

higher CIR (3-year CIR, 49% vs. 18%, respectively, P = 0.039), worse

EFS (3-year EFS, 32% vs. 66%, respectively, P = 0.033), and worse OS

(3-year OS, 42% vs. 69%, respectively, P = 0.041) than those without

KIT mutations; patients with other KIT mutations showed no

significant differences compared with patients without KIT

mutations in CIR (3-year CIR, 20% vs. 18%, respectively, P =

0.903), EFS (3-year EFS, 80% vs. 66%, respectively, P = 0.644), and

OS (3-year OS, 75% vs. 69%, respectively, P = 0.661, Figures 4D–F).
Frontiers in Oncology 06
Univariate and multivariate analysis

The univariate analyses for post-transplant CIR and EFS and OS

are shown in Table 2. Apart from the disease status at

transplantation, pre-transplant MRD, post-transplant MRD and

KIT-D816 mutations, HLA-identical sibling donor was another

favorable factor influencing EFS and OS, but not CIR (HLA-

identical sibling donor vs. alternate donor, hazard risk [HR], 2.07

[1.12–3.83], P = 0.020 for EFS and 2.11 [1.09–4.07], P = 0.026 for

OS). Considering that only 91 patients had information of KIT

mutation status, and 8 of them had missing data of detailed

mutation sites, the KIT-D816 mutation status was finally not

involved as a risk factor in the multivariate models. The

multivariate analyses showed that the pre-transplant MRD

directly before allo-HSCT >1-log reduction, and the post-

transplant MRD within the first 3 months after allo-HSCT > 3-log

reduction were independent favorable factors, whereas

transplantation during relapse was an independent adverse

prognostic factor for post-transplant CIR, EFS, and OS in t(8;21)

AML patients undergoing allo-HSCT (Table 3).
A

B

D

E

FC

FIGURE 4

Prognostic impact of KIT mutation at diagnosis on outcomes. (A–C) CIR, EFS, and OS between patients with and without KIT mutation, (D–F) CIR, EFS,
and OS between patients with KIT-D816 mutation, other KIT mutation, and without KIT mutation.
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Discussion

In this multicenter study, we retrospectively evaluated 142 t(8;21)

AML patients undergoing allo-HSCTwith amaximum follow-up time of

over ten years. The 3-year CIR, EFS, and OS rates after allo-HSCT were

21%, 63% and 69%, respectively, which is consistent with the results of

previous studies (10). The present study demonstrated that pre-

transplant MRD directly before allo-HSCT > 1-log reduction and post-

transplant MRD within the first 3 months > 3-log reduction were

independent favorable prognostic factors, and transplantation during

relapse was an independent adverse prognostic factor for post-transplant

relapse and survival in patients with t(8;21) AML. In addition,
Frontiers in Oncology 07
transplantation in CR2 and with KIT-D816 mutations at diagnosis

might also be adverse prognostic factors to predict relapse and survival

after allo-HSCT, but might not be as robust as MRD assessment.

The value of MRD assessment via quantitative qRT-PCR in

predicting relapse after chemotherapy has been widely reported (7, 17).

Furthermore, Huang and colleagues identified a 3-log reduction of post-

transplant MRD assessed in the first 3 months after allo-HSCT to be a

robust biomarker for predicting relapse after allo-HSCT in t(8;21) AML

(8, 10, 18). Our results also supported the prognostic value of post-

transplant MRD in t(8;21) AML. And we further confirmed that,

compared with 4-log reduction, 3-log reduction might be a better cut-

off value for post-transplant MRD in predicting the outcomes after allo-
TABLE 2 Univariate analysis of post-transplant CIR, EFS, and OS in t(8;21) AML patients undergoing allo-HSCT.

CIR EFS OS

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age above median, years 0.49 (0.21–1.13) 0.116 0.83 (0.45–1.50) 0.531 0.92 (0.48–1.73) 0.796

Female 0.85 (0.40–1.82) 0.680 0.63 (0.34–1.18) 0.151 0.64 (0.33–1.24) 0.186

WBC > 20 × 109/L 0.51 (0.19–1.35) 0.170 0.97 (0.52–1.85) 0.940 0.99 (0.51–1.95) 0.987

HB > 100 g/L 0.69 (0.27–1.78) 0.440 1.30 (0.69–2.46) 0.419 1.53 (0.78–3.01) 0.210

PLT > 20 × 109/L 1.34 (0.57–3.17) 0.500 1.19 (0.63–2.24) 0.600 1.17 (0.60–2.30) 0.640

Blasts in BM > 60% 0.46 (0.18–1.15) 0.108 1.15 (0.63–2.08) 0.651 0.98 (0.53–1.83) 0.954

KIT-D816 mutations 2.64 (1.01–6.87) 0.047 2.73 (1.21–6.14) 0.015 2.72 (1.14–6.47) 0.024

MRD directly before allo-HSCT > 1-log reduction 0.09 (0.04–0.22) <0.001 0.12 (0.06–0.25) <0.001 0.17 (0.08–0.36) <0.001

Post-transplant MRD in first 3 months > 3-log reduction 0.19 (0.07–0.52) <0.001 0.29 (0.13–0.66) 0.003 0.31 (0.14–0.73) 0.007

Disease status at transplantation

CR2 vs. CR1 2.84 (1.12–7.19) 0.028 3.58 (1.73–7.37) 0.001 4.26 (2.03–8.94) <0.001

Relapse vs. CR1 7.35 (2.93–18.44) <0.001 6.46 (2.62–15.93) <0.001 7.76 (2.82–21.27) <0.001

HLA-identical sibling donor (vs. Alternate donor) 1.62 (0.73–3.59) 0.240 2.07 (1.12–3.83) 0.020 2.11 (1.09–4.07) 0.026

MAC (vs. RIC) 1.35 (0.46–3.96) 0.590 1.37 (0.48–3.91) 0.553 0.32 (0.04–2.38) 0.268

II-IV aGVHD 1.10 (0.46–2.62) 0.830 0.69 (0.31–1.53) 0.361 0.84 (0.38–1.90) 0.684

cGVHD 1.61 (0.74–3.48) 0.220 1.59 (0.83–3.06) 0.165 1.24 (0.60–2.60) 0.561
fron
CIR, cumulative incidence of relapse; EFS, event-free survival, OS, overall survival; WBC, white blood cell counts; HB, hemoglobin; PLT, platelets; BM, bone marrow; MRD: minimal residual disease;
CR1, first complete remission; CR2, second complete remission; HLA, human leukocyte antigen; MAC, myeloablative conditioning; RIC, reduced intensity conditioning; aGVHD, acute graft-versus-
host disease; cGVHD, chronic graft-versus-host disease; HR, hazard ratio. P-value < 0.05 is marked in bold.
TABLE 3 Multivariate analysis of post-transplant CIR, EFS, and OS in t(8;21) AML patients undergoing allo-HSCT.

CIR EFS OS

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

MRD directly before allo-HSCT > 1-log reduction 0.21 (0.03–0.71) 0.029 0.21 (0.06–0.78) 0.020 0.27 (0.08–0.93) 0.038

Post-transplant MRD in first 3 months > 3-log reduction 0.25 (0.07–0.89) 0.019 0.31 (0.12–0.81) 0.017 0.38 (0.15–0.96) 0.040

Disease status at transplantation

CR2 vs. CR1 1.52 (0.49–4.70) 0.460 1.69(0.38–7.42) 0.485 2.90 (0.74–11.38) 0.125

Relapse vs. CR1 5.55 (1.23–11.56) 0.041 3.02 (1.39–9.66) 0.048 4.07 (1.82–20.12) 0.045

HLA-identical sibling donor (vs. Alternate donor) - - 0.81 (0.29–2.28) 0.696 0.65 (0.25–1.70) 0.379
CIR, cumulative incidence of relapse; EFS, event-free survival, OS, overall survival; WBC, white blood cell counts; HB, hemoglobin; PLT, platelets; BM, bone marrow; MRD: minimal residual disease;
CR1, first complete remission; CR2, second complete remission; HLA, human leukocyte antigen; HR, hazard ratio. P-value < 0.05 is marked in bold.
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HSCT. As for the pre-transplant MRD, its prognostic significance

remains to be controversial. Qin et al. found that a pre-transplant

MRD < 3-log reduction might be associated with a higher incidence of

relapse after allo-HSCT in t(8;21) AML (10). Halaburda et al. reported

similar results in patients with core-binding factor AML undergoing allo-

HSCT during CR2 (19). Conversely, Wang et al. found no significant

differences in post-transplant CIR and leukemia-free survival between

patients with and without an MRD reduction of > 3-log before

transplantation in patients with t(8;21) AML (8). In the present study,

we found that patients with a pre-transplant MRD directly before allo-

HSCT < 1-log reduction, but not 3-log reduction, showed a significantly

worse post-transplant outcome. And the 3-year CIR rate of patients with

a pre-transplant MRD < 1-log reduction was even as high as that of

patients transplanted during relapse (62% vs. 63%, respectively). This

suggests that for patients achieving CR, it would be better to further

achieve at least a >1-log MRD reduction before undergoing allo-HSCT.

Additionally, we explored the prognostic role of KIT mutations

after allo-HSCT. Two previous studies have found that KIT mutation

at diagnosis is also an adverse prognostic factor for post-transplant

relapse in t(8;21) AML (8, 10), but it may not be as strong as post-

transplant MRD when analyzed in a multivariate model (8).

Somewhat differently, our results showed that KIT-D816 mutations,

rather than other types of KIT mutations, were associated with a

significantly higher incidence of relapse and worse survival after allo-

HSCT. In fact, many studies have indicated that, for patients with t

(8;21) AML, KIT-D816 gene mutations at diagnosis, rather than other

KIT mutations, are more likely to predict relapse after chemotherapy

(20–23). Our results might further suggest the adverse prognostic role

of KIT-D816 mutations in post-transplant relapse and survival.

Transplantation in CR1 has been widely proved to be a significant

favorable prognostic factor for post-transplant relapse and survival in

patients with AML (24). However, whether transplantation in CR2

affects the outcomes after allo-HSCT in t(8;21) AML patients remains

debatable (25–27). Qin et al. demonstrated that, in t(8;21) AML

patients, patients transplanted in CR2 trended toward a higher 3-year

CIR (33.3% vs. 18.8%) compared with that in CR1, but the difference

was not statistically significant (P = 0.071). However, the present

study demonstrated that transplantation in CR2 was associated with a

significantly higher risk of relapse and shorter OS after allo-HSCT in

patients t(8;21) AML. Our results might further suggest the

importance of rapid identification of patients with high-risk relapse

and treating them with allo-HSCT or other aggressive therapies

before they experience bone marrow relapse.

One limitation of our study was its retrospective nature. In

addition, next-generation sequencing was performed in only a few

patients; thus, we could not further explore the role of additional

genetic co-mutations in t(8;21) AML patients after allo-HSCT.

In summary, our results suggest that for patients with t(8;21) AML

who plan to receive allo-HSCT, it would be better to perform

transplantation during CR1 with a pre-transplant MRD directly before

allo-HSCT of at least >1-log reduction. MRD in the first 3 months after

allo-HSCTmight be robust prognostic factors for post-transplant relapse

and survival in patients with t(8;21) AML. In addition, KIT-D816

mutations at diagnosis and transplantation in CR2 may also be useful

in predicting the potential risk of relapse after allo-HSCT. These results

should be investigated further in larger clinical trials.
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