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Abstract
Background  The therapeutic status of allogeneic stem cell transplantation (allo-SCT) as a post-remission treatment 
for patients with high-risk acute myeloid leukemia (AML) was well-accepted. However, the optimal treatment for 
patients with low/favorable- or intermediate-risk AML who achieve complete remission has remained controversial. 
Therefore, we conducted a network meta-analysis to discuss this disputed problem.

Methods  We compared the effects of treatment strategies including allo-SCT, autologous stem cell transplantation 
(auto-SCT) and consolidation chemotherapy (CT) for patients with low/favorable- or intermediate-risk AML. The 
pooled HRs and 95% CIs for overall survival and disease-free survival were estimated with Stata12 and R software. 
Thirty clinical studies with 6682 patients were included in the meta-analysis.

Results  The results indicated that the treatment outcome of allo-SCT was the best, followed by auto-SCT, and CT 
was likely the worst in the total AML patients. In patients with low/favorable-risk AML, the treatment outcome of 
auto-SCT was likely ranked first, followed by allo-SCT, and CT was the worst. In patients with intermediate-risk AML, 
the treatment outcome of haploidentical stem cell transplantation (haplo-SCT) was the best, followed by allo-SCT 
(excluding haplo-SCT), and auto-SCT and CT were the worst. However, the median age of the haplo-SCT group was 
much younger than that of the control group, which may be one of the reasons for the better prognosis of the haplo-
SCT group.

Conclusions  Patients with low/favorable- and intermediate-risk (non-high-risk) AML should prioritize allo-SCT if they 
are eligible for transplantation, and auto-SCT is optional. However, in the subgroup analysis, auto-SCT was the optimal 
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Background
Acute myeloid leukemia (AML) is one of the most com-
mon hematological malignancies. Although the devel-
opment of genetic risk stratification and new treatment 
strategies has improved outcomes in AML patients in 
certain subgroups, AML patients still have high mortality 
[1]. Most AML patients relapse after achieving complete 
remission (CR) with induction chemotherapy if they do 
not receive further treatments [2]. The post-remission 
treatments for patients with AML mainly included con-
solidated chemotherapy and autologous or allogeneic 
stem cell transplantation (auto or allo-SCT) [3]. Hemato-
poietic stem cell transplantation (HSCT) plays an impor-
tant role in patients with AML [4, 5] and is associated 
with transplantation-related morbidity and mortality 
even if it has a high cure rate for AML [6]. The advance-
ment of donor availability and transplantation technology 
has made allo-SCT the first choice of treatment regime 
for most adults with high-risk AML because of the high 
rate of refractory to conventional chemotherapy [7]. 
Patients with low/favorable-risk AML are usually treated 
with consolidation chemotherapy in clinical practice even 
if some studies showed a lower relapse rate with HSCT 
[8]. The status of HSCT as a post-remission treatment for 
patients with intermediate-risk AML who achieve CR has 
remained controversial [9]. There have been many stud-
ies comparing the efficacy of post-remission therapies for 
patients with low/favorable- or intermediate-risk AML, 
but no consistent conclusion has been formed. Therefore, 
we conducted this network meta-analysis that combined 
direct and indirect evidence to compare the curative 
effects of treatment strategies including allo-SCT, auto-
SCT and chemotherapy for patients with low/favorable- 
or intermediate-risk AML.

Methods
The study was conducted based on PRISMA statements, 
and the protocol was registered with CRD42023488606 
in PROSPERO.

Study inclusion and exclusion criteria
Inclusion criteria: patients were diagnosed with low/
favorable- or intermediate-risk acute myeloid leukemia 
(AML); the experimental group was treated with allo-
SCT or auto-SCT; the control group was treated with 
auto-SCT or consolidation chemotherapy (CT); the end-
points of overall survival (OS) and disease-free survival 
(DFS) were reported in the studies; and studies were clin-
ical trials.

Exclusion criteria: studies of childhood myeloid leu-
kemia; studies of umbilical cord blood stem cell trans-
plantation; studies published repeatedly; studies with 
incomplete data of results; studies with insufficient fol-
low-up time; studies with more than 20% of patients lost 
to follow-up.

The two authors independently read the titles and 
abstracts to screen for studies that may meet the inclu-
sion criteria; subsequently, the two authors indepen-
dently read the entire texts to select articles that met the 
inclusion criteria. If there were diverse opinions among 
the authors, they were resolved through negotiation with 
a third researcher.

Search strategy and screening
Study retrieval was conducted with databases including 
PubMed, Web of Science, Chinese Biomedical Database, 
Embase and Medline. The search terms and methods 
were as follows: (1) “stem cell transplantation” or “stem 
cell transplant”; (2) “acute myeloid leukemia” or “AML”; 
(3) the first and second terms were merged for retrieval.

Data extraction
Study information, including the first author, year of 
publication, age, number of total participants, number 
of experiment or control group, classification of French-
America-British (FAB), risk classification, and end-
points, was collected. All required data from studies were 
extracted independently by two authors, and if there 
were diverse opinions among the authors, they could be 
resolved through negotiation with a third researcher.

Endpoints of studies
The primary endpoint of the study was OS, and the sec-
ondary endpoint was DFS. OS was calculated from the 
date of using a certain treatment until the date of death 
(for any cause), and the last follow-up time was usually 
calculated as the date of death if patients were lost to fol-
low-up before death. DFS was measured from the date of 
CR until the date of first disease recurrence. The pooled 
hazard ratios (HRs) and 95% confidence intervals (CIs) 
for the endpoints were estimated. If the studies did not 
provide raw data or HRs for endpoints, we used Engauge 
Digitizer 4.1 software to extract data from the Kaplan-
Meier curve and the 1745-625-8-S1 worksheet to calcu-
late HRs and their corresponding 95% CIs.

treatment choice for patients with low/favorable-risk AML, and allo-SCT was the priority selection for patients with 
intermediate-risk AML, especially young patients. These findings could provide references for clinical practice.

Keywords  Acute myeloid leukemia, Allo-SCT, Auto-SCT, Chemotherapy, Network-comparison
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Quality assessment
The quality of randomized controlled trials (RCTs) was 
evaluated with the Cochrane risk-of-bias tool, including 
randomized methods, blind methods, allocation con-
cealment, incomplete outcome data, selective reporting, 
and other biases. The cohort studies were evaluated with 
the Newcastle‒Ottawa quality assessment scale (NOS), 
which contains three major categories and nine items, 
including selection (four items), comparability (two 
items), and exposure or outcome (three items); the scores 
of studies ranging from 1 to 9 points and with 7–9 points 
were regarded as high quality.

Statistical analysis
The pooled HRs and their 95% CIs for the endpoints 
were estimated with Stata12 and R software. Stata12 
software was used to estimate the direct comparison 
evidence. R software with the JAGS and gemtc pack-
ages was used to conduct network meta-analysis, which 
are based on Bayesian theory and can combine direct 
and indirect comparisons of evidence. Network meta-
analysis can simultaneously compare the differences 
in treatment effects among multiple interventions and 
rank them according to the size of the effects [10]. The 
Node-Splitting method was used to conduct inconsis-
tency test of the network meta-analysis. The pooled HRs 
of the experimental group versus the control group for 
endpoints were less than 1, and their 95% CIs did not 
overlap 1, which indicated that the treatment effect of 
the experimental group was better. The heterogeneity 
was calculated with the chi-square test, and there was 
significant heterogeneity among studies when p was less 
than 0.05 and I2 was greater than 50%. The pooled HRs 
and their 95% CIs for endpoints were calculated with the 
random-effects model when significant heterogeneity 
existed among studies; otherwise, the fixed-effects model 
was used. Subgroup analysis was adopted to identify the 
source of heterogeneity.

Publication biases
We adopted funnel plots and Begg’s and Egger’s tests to 
estimate the potential publication biases of the included 
studies. When the funnel plot was symmetrically inverted 
and funnel-shaped, there was no obvious publication 
bias. Publication bias was considered to exist when P was 
less than 0.05.

Results
Study identification and selection
A total of 10,821 studies were retrieved initially, and 1056 
studies remained when nonclinical studies were excluded, 
such as basic studies, review articles, case reports and 
letters. After reading the titles, abstracts, and full texts, 
there were remaining 34 studies when 1022 studies 

concerning children as the main research population, 
only high-risk groups or no risk stratification, umbilical 
cord blood transplantation, post-transplantation mainte-
nance treatment, insufficient data and no interesting out-
comes were excluded. After careful reading of the entire 
texts, 30 studies were included in the meta-analysis. The 
screening process of the included studies was performed 
with a flow chart (Fig. 1).

Characteristics of the included studies
Fourteen cohort studies and 16 randomized controlled 
trials [11–34], and 6682 patients were included [9, 35–
38]. The characteristics of the studies, including the first 
author, publication year, age, median follow-up time, 
treatments and etc. were shown in Table  1. Risk classi-
fications for patients with AML of the included studies 
were shown in Supplementary Table 1.

Quality assessment of the included studies
The quality of the RCTs was evaluated with the Cochrane 
risk-of-bias tool, and the results showed that the RCTs 
were considered to be of relatively high quality (Supple-
mentary Table 2). The quality of the cohort studies was 
evaluated with the NOS, and the mean score was 7.64, 
ranging from 7 to 8 points, indicating that the quality 
of the included cohort studies was high (Supplementary 
Table 3).

Direct comparison of OS
We estimated the pooled HRs and 95% CIs for OS with 
direct comparison using Stata12 software. The pooled 
HRs and 95% CIs of the allo-SCT group vs. the CT group, 
the auto-SCT group vs. the CT group, and the allo-SCT 
group vs. the auto-SCT group for OS in total patients 
with AML were 0.68 (95% CI 0.59–0.79), 1.04 (95% CI 
0.89–1.22), and 0.96 (95% CI 0.80–1.14), indicating that 
the OS of the allo-SCT group was longer than that of 
the CT group, while the OS of the auto-SCT group vs. 
the CT group and the allo-SCT group vs. the auto-SCT 
group had no significant difference; the heterogeneity of 
studies concerning the allo-SCT group vs. the CT group 
and the auto-SCT group vs. the CT group was not signifi-
cant, but that of studies concerning the allo-SCT group 
vs. the auto-SCT group was moderate (Fig. 2).

Direct comparison of DFS
We estimated the pooled HRs and 95% CIs for DFS with 
direct comparison using Stata12 software. The pooled 
HRs and 95% CIs of the allo-SCT group vs. the CT group, 
the auto-SCT group vs. the CT group, and the allo-SCT 
group vs. the auto-SCT group for DFS in total patients 
with AML were 0.51 (95% CI 0.37–0.71), 1.04 (95% CI 
0.82–1.32), and 1.08 (95% CI 0.72–1.62), respectively, 
indicating that the DFS of the allo-SCT group was better 
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than that of the CT group, while the DFS of the auto-SCT 
group vs. the CT group and the allo-SCT group vs. the 
auto-SCT group had no significant difference; the het-
erogeneity of studies concerning the allo-SCT group vs. 
the CT group and the auto-SCT group vs. the CT group 
was not significant, but that of studies concerning the 
allo-SCT group vs. the auto-SCT group was significant, 
resulting in the pooled HRs and 95% CIs estimated with a 
random model (Fig. 3).

Network-comparison of OS
We estimated the pooled HRs and 95% CIs for OS in 
AML patients with network-comparison combining 
direct and indirect evidence.

In the total patients with AML, the network plot 
showed that the comparison of the three groups formed 
a closed loop (Supplementary Fig. 1A). The median and 
97.5% values of the shrink factor tended to be 1 and 
reached stability after iterative calculation in the conver-
gence diagnostics plot; the number of iterations reached 
more than 0 in the trace plot, the Markov Chain Monte 
Carlo (MCMC) chain fluctuated stably and had good 
overlap; the number of iterations reached 5000 in the 
density plot, bandwidth tended to be 0 and reached sta-
bility; the above results showed that the consistency 

model of network-meta analysis was a satisfactory con-
vergent model (Supplementary Fig. 1B-C). The OS of the 
allo-SCT group was longer than that of the auto-SCT 
group and the CT group, while there was no difference 
in OS between the auto-SCT group and the CT group 
(Fig. 4A). The results of rank-probability for OS indicated 
that the OS of the allo-SCT group was the best, followed 
by the auto-SCT group, and the CT group was the worst 
(Table 2).

In the patients with low/favorable-risk AML, the net-
work plot showed that the comparison of the three 
groups formed a closed loop (Supplementary Fig.  2A). 
The convergence diagnostics, trace, and density plots 
showed that the consistency model of network meta-
analysis was a satisfactory convergent model (Supple-
mentary Fig.  2B-C). The OS of the allo-SCT group and 
the auto-SCT group was longer than that of the CT 
group, while there was no difference in OS between the 
auto-SCT group and the allo-SCT group (Fig.  4B). The 
results of rank-probability for OS indicated that the OS 
of the auto-SCT group was the best, followed by the allo-
SCT group, and the CT group was the worst (Table 2).

In the patients with intermediate-risk AML, the allo-
SCT group excluded haplo-SCT. The network-compar-
ison of the four groups including allo-SCT, haplo-SCT, 

Fig. 1  Flow diagram of study screening
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auto-SCT and CT was shown in Supplementary Fig. 3A. 
The convergence diagnostics, trace, and density plots 
showed that the consistency model of network meta-
analysis was a satisfactory convergent model (Supple-
mentary Fig.  3B-C). The OS of the allo-SCT group and 
the haplo-SCT group was longer than that of the auto-
SCT group and the CT group, and that of the haplo-SCT 
group was better than that of the allo-SCT group, while 
there was no difference in OS between the auto-SCT 
group and the CT group (Fig.  4C). The results of rank-
probability for OS indicated that the OS of the haplo-
SCT group was the best, followed by the allo-SCT group, 
and the auto-SCT group and the CT group were the 
worst (Table 2).

Network-comparison of DFS
In the total patients with AML, the network plot showed 
that the comparison of the three groups formed a closed 

loop (Supplementary Fig.  4A). The median and 97.5% 
values of the shrink factor tended to be 1 and reached 
stability after iterative calculation in the convergence 
diagnostics plot; the number of iterations reached more 
than 20,000 in the trace plot, the MCMC chain fluctuated 
stably and had good overlap; the number of iterations 
reached 5000 in the density plot, bandwidth tended to 
be 0 and reached stability; the above results showed that 
the consistency model of network meta-analysis was a 
relatively satisfactory convergent model (Supplementary 
Fig.  4B-C). The DFS of the allo-SCT group was better 
than that of the CT group, while there was no difference 
in DFS between the auto-SCT group and the CT group 
or the allo-SCT group and the auto-SCT group (Fig. 5A). 
The results of rank-probability for DFS indicated that 
the DFS of the allo-SCT group was the best, followed by 
the auto-SCT group, and the CT group was the worst 
(Table 3).

Fig. 2  Forest plots of pooled HRs and 95% CIs for OS with direct comparison evaluating the treatment outcomes of allo-SCT, auto-SCT and chemo-
therapy (CT) in patients with AML. The size of the blocks indicated the weight of the fixed effect model in the meta-analysis
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In the patients with low/favorable-risk AML, the net-
work plot showed that the comparison of the three 
groups formed a closed loop (Supplementary Fig.  5A). 
The convergence diagnostics, trace, and density plots 
showed that the consistency model of network meta-
analysis was a satisfactory convergent model (Supple-
mentary Fig. 5B-C). The DFS among the allo-SCT group, 
the auto-SCT group and the CT group was not different 
(Fig.  5B). The results of rank-probability for DFS indi-
cated that the DFS of the auto-SCT group was most likely 
to be ranked first, followed by the allo-SCT group and the 
CT group (Table 3).

In the patients with intermediate-risk AML, the allo-
SCT group excluded haplo-SCT. The network-compar-
ison of the four groups including allo-SCT, haplo-SCT, 
auto-SCT and CT was shown in Supplementary Fig. 6A. 
The convergence diagnostics, trace, and density plots 
showed that the consistency model of network meta-
analysis was a relatively satisfactory convergent model 
(Supplementary Fig. 6B-C). The DFS among the allo-SCT 
group, the haplo-SCT group, the auto-SCT group and the 
CT group was not different (Fig. 5C). The results of rank-
probability for DFS indicated that the DFS of the haplo-
SCT group was most likely to be ranked first, followed by 

Fig. 3  Forest plots of pooled HRs and 95% CIs for DFS with direct comparison evaluating the treatment outcomes of allo-SCT, auto-SCT and chemo-
therapy (CT) in patients with AML. The size of the blocks indicated the weight of the random effect model in the meta-analysis
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the allo-SCT group, and the auto-SCT group and the CT 
group were likely ranked last (Table 3).

Inconsistency and heterogeneity tests
We conducted an inconsistency test of the network meta-
analysis with the Node-Splitting method. The incon-
sistency test of OS and DFS in total patients with AML 
indicated that the direct, indirect and network compari-
sons of the allo-SCT group vs. the CT group, the auto-
SCT group vs. the CT group, and the allo-SCT group vs. 
the auto-SCT group could not meet the conditions of the 
consistency check. However, in the subgroups according 

to risk classification, the direct, indirect and network 
comparisons among groups satisfied the consistency test 
with P > 0.05 (Supplementary Figs. 7–8).

The global I-squared in heterogeneity test for OS indi-
cated that there was no significant heterogeneity in the 
total patients or subgroups (Supplementary Table  4a-c). 
The global I-squared in heterogeneity test for DFS indi-
cated that there was no significant heterogeneity in 
patients with low-risk AML, while there was significant 
heterogeneity in total patients or in patients with inter-
mediate-risk AML (Supplementary Table 4d-f ).

Publication bias
The funnel plots of the included studies for OS and DFS 
were symmetrically inverted and funnel-shaped, indicat-
ing that there was no obvious publication bias (Fig.  6). 
Begg’s test (P = 0.722) and Egger’s test (P = 0.715) of the 
included studies for OS showed that no publication bias 
existed (Supplementary Fig. 9). Begg’s test (P = 0.781) and 
Egger’s test (P = 0.632) of the included studies for DFS 

Table 2  Results of rank-probability for OS with preferred 
direction = -1

Total Low risk Intermediate risk
Allo-SCT 0.001 0.414 0.334
Auto-SCT 0.558 0.092 0.780
Chemotherapy 0.941 0.995 0.865
Haplo-SCT - - 0.002

Fig. 4  Forest plots of pooled HRs and 95% CIs for OS with network-comparison evaluating the treatment outcomes of allo-SCT including haplo-SCT, 
auto-SCT and chemotherapy (CT) in patients with AML. (A) in the total patients, (B) in the low/favorable-risk patients, (C) in the intermediate-risk patients
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showed that no publication bias existed (Supplementary 
Fig. 10).

Discussion
AML is a phenotypic and prognostic heterogeneous 
hematopoietic stem cell disease [39]. In recent years, 
the outcomes of AML patients have been continuously 
improved with the development of drug therapy, but 
HSCT is still an indispensable treatment with curative 
potential for patients [40, 41]. The therapeutic status of 
allo-SCT as a post-remission treatment for patients with 
high-risk AML is relatively recognized; however, the 
optimal treatment for patients with low/favorable- or 

intermediate-risk AML who achieve CR has remained 
controversial. Therefore, we conducted this network 
meta-analysis to discuss this disputed problem.

In the total AML patients, the OS of the allo-SCT 
group was longer than that of the auto-SCT group 
and the CT group, while there was no difference in OS 
between the auto-SCT group and the CT group. The 
results of rank-probability for OS indicated that the 
OS of the allo-SCT group was the best, followed by the 
auto-SCT group, and the CT group was likely to be the 
worst. The DFS of the allo-SCT group was better than 
that of the CT group, while there was no difference in 
DFS between the auto-SCT group and the CT group or 
the allo-SCT group and the auto-SCT group. The results 
of rank-probability for DFS indicated that the DFS of the 
allo-SCT group was likely to be the best, followed by the 
auto-SCT group, and the CT group may be the worst. In 
the patients with low/favorable-risk AML, the OS of the 
allo-SCT group and the auto-SCT group was longer than 
that of the CT group, while there was no difference in OS 
between the auto-SCT group and the allo-SCT group. 

Table 3  Results of rank-probability for DFS with preferred 
direction = -1

Total Low risk Intermediate risk
Allo-SCT 0.065 0.534 0.369
Auto-SCT 0.468 0.325 0.605
Chemotherapy 0.967 0.641 0.875
Haplo-SCT - - 0.151

Fig. 5  Forest plots of pooled HRs and 95% CIs for DFS with network-comparison evaluating the treatment outcomes of allo-SCT including haplo-SCT, 
auto-SCT and chemotherapy (CT) in patients with AML. (A) in the total patients, (B) in the low/favorable-risk patients, (C) in the intermediate-risk patients
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Fig. 6  Funnel plots of the included studies for OS (A) and DFS (B)
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The results of rank-probability for OS indicated that the 
OS of the auto-SCT group was likely to be the best, fol-
lowed by the allo-SCT group, and the CT group was the 
worst. The DFS among the allo-SCT group, the auto-SCT 
group and the CT group was not different. The results of 
rank-probability for DFS indicated that the DFS of the 
auto-SCT group was most likely to be ranked first, fol-
lowed by the allo-SCT group and the CT group. In the 
patients with intermediate-risk AML, the allo-SCT group 
excluded haplo-SCT. The OS of the allo-SCT group and 
the haplo-SCT group was longer than that of the auto-
SCT group and the CT group, that of the haplo-SCT 
group was better than that of the allo-SCT group, while 
there was no difference in OS between the auto-SCT 
group and the CT group. The results of rank-probability 
for OS indicated that the OS of the haplo-SCT group was 
the best, followed by the allo-SCT group, and the auto-
SCT group and the CT group were the worst. The DFS 
among the allo-SCT group, the haplo-SCT group, the 
auto-SCT group and the CT group was not different. 
The results of rank-probability for DFS indicated that the 
DFS of the haplo-SCT group was most likely to be ranked 
first, followed by the allo-SCT group, and the auto-SCT 
group and the CT group were likely ranked last. How-
ever, the median age of the haplo-SCT group was much 
younger than that of the control group in the included 
studies concerning haplo-SCT, which may be one of the 
reasons for the better prognosis of the haplo-SCT group. 
Therefore, the conclusion that haplo-SCT was the best 
treatment in intermediate-risk AML patients remained 
unreliable.

Our study was the first network meta-analysis to dis-
cuss the controversial problem of which was the most 
optimal treatment among allo-SCT, auto-SCT and CT for 
patients with low/favorable- or intermediate-risk AML. 
This article included a relatively large number of studies 
to compare three interventions, and there was no sig-
nificant publication bias in the included studies. Network 
meta-analysis integrated indirect and direct evidence, 
which could improve the efficiency of statistical analysis 
and form more reliable conclusions than individual stud-
ies [42, 43]. However, there were several limitations in 
our study. First, the pooled effects were estimated from 
the extracted data of RCTs and cohort studies instead 
of from the raw data. Second, we did not estimate other 
endpoints, such as treatment-related mortality or cumu-
lative incidence of relapse, due to the limited number of 
related studies.

Conclusions
The group of low/favorable- and intermediate-risk 
patients was the total population that was discussed in 
the meta-analysis. The part of clinical studies included 
in our meta-analysis did not conduct subgroup analysis 

based on risk stratification in the low/favorable- and 
intermediate-risk AML patients, which means that the 
study population of these clinical studies was non-high-
risk AML patients. Therefore, we first conducted a meta-
analysis in the total population and found that these 
patients should prioritize allo-SCT if they are eligible for 
transplantation, and auto-SCT is optional. However, in 
the subgroup analysis of the included studies that con-
ducted subgroup analysis based on risk stratification, the 
results indicated that auto-SCT was the optimal treat-
ment choice for patients with low/favorable-risk AML, 
and allo-SCT was the priority selection for patients with 
intermediate-risk AML, especially young patients. These 
findings could provide references for clinical practice.
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