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Abstract: Objective: To systematically assess the efficacy of hematopoietic stem cell transplantation (HSCT) and 
bone marrow transplantation (BMT) in treating acute myeloid leukemia (AML). Methods: PubMed, EMBASE, 
ScienceDirect, Cochrane Library, China National Knowledge Infrastructure (CNKI), China VIP database, Wanfang 
database and China Biomedical Literature Database (CBM) were searched for case-control trials of bone marrow 
HSCT and peripheral HSCT (PHSCT) for treating AML. Two independent researchers extracted the data between 
January 2000 and May 2022. Each retrieved article was assessed according to the bias risk defined in Cochrane 
Handbook 5.3, and data were analyzed by meta-analysis using RevMan5.3. Results: Through computer database 
retrieval, 7 clinical controlled studies were included, with 1280 samples. A meta-analysis was conducted on the 
survival rates. The PHSCT and the BMT groups showed no noticeable difference in overall survival (OS) and disease-
free survival (DFS) rates (P>0.05). The incidence of acute graft-versus-host disease (GVHD) and chronic GVHD in 
the BMT group was noticeably lower (P<0.05). The disease recurrence rate in tthe BMT group was lower (P<0.05), 
but no noticeable differences were found in recurrence-related mortality (P>0.05). Furthermore, there was also no 
noticeable difference in non-relapse-related mortality (P>0.05). Funnel charts were drawn on the basis of OS rate, 
DFS rate, incidences of acute GVHD and chronic GVHD, and recurrence. Afterwards publication bias analysis was 
carried out. Symmetry presented in the majority of the funnel charts and asymmetry was seen in a few, suggesting 
possible publication bias in the selected literature because of the small sample and the heterogeneity. Conclusion: 
BMT can be used as an effective treatment for patients with AML, because it can reduce the recurrence rate and the 
incidence of complications while ensuring a curative effect, suggesting that BMT is worth popularizing in the clinic. 
Longer follow-up studies are needed to provide more support for the clinical application of BMT in AML patients.
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Introduction

Leukemia is known as an abnormal clonal 
growth produced by hematopoietic stem cells 
[1]. According to the main cell types involved in 
leukemia, acute leukemia can be divided into 
two categories, acute myeloid leukemia (AML) 
and acute lymphoblastic leukemia. AML is a 
group of heterogeneous diseases originating 
from hematopoietic stem cells [2]. Uncontrolled 
proliferation of bone marrow cells can seriously 
damage hematopoietic function and invade 
other tissues and organs, resulting in severe 
anemia, bleeding, infection and central inva-
sion. Today, the treatment for AML is still facing 
great challenges even with the vigorous devel-

opment of medical technology. How to reduce 
the occurrence of adverse reactions and im- 
prove the patient’s tolerance while achieving a 
good therapeutic effect is still an urgent prob-
lem to be solved in the clinic.

Standard chemotherapy and hematopoietic 
stem cell transplantation (HSCT) are the main 
treatments for AML patients under 60 years 
old. The “3-7 regimen” (3-d daunorubicin + 7-d 
cytarabine) proposed in 1970s has long been 
regarded as a standard treatment, which can 
cure 30% to 40% of young AML patients [3-5]. 
An AML study [6] mainly focused on patients 
aged 50 to 55 years and reported a 5-year sur-
vival rate of 40% to 45%. Researchers reported 
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a 30-35% 5-year survival rate in patients with 
AML aged 60 and older, and the 5-year survival 
rate was less than 10-15% for elderly patients 
over 60 years old receiving intensive chemo-
therapy regimens [6, 7]. This may be because 
elderly patients have difficulty tolerating con-
ventional chemotherapy. In addition, conven-
tional chemotherapy does not seem to be 
effective in recurrent refractory patients and in 
patients with high cytogenetic risk. The biologi-
cal factors leading to these adverse therapeu-
tic effects may be the combination of multiple 
aspects, such as weak physical function, drug 
resistance, immune impairment and multiple 
organ dysfunction. Moreover, the cardiotoxi- 
city related to anthracyclines limits the wide 
application of anthracyclines to some extent. 
Therefore, for this large category of patients, it 
is of great significance to seek a chemotherapy 
regimen with better efficacy and safety.

The pathogenesis of AML is abnormal prolifera-
tion of bone marrow hematopoietic precursor 
cells. The main clinical manifestations of pa- 
tients are asthma, fatigue, weak motor ability 
etc [8]. Allogeneic hematopoietic stem cell 
transplantation (Allo-HSCT) is the only known 
method to completely cure AML. However, this 
therapeutic approach is bounded by limited 
Human leukocyte antigen (HLA)-matched do- 
nors, and some patients, especially older pa- 
tients, are not eligible for the transplantation 
[9]. Due to the lack of tolerable treatments that 
can improve survival and life quality in this 
group of patients, disease management is chal-
lenging. Historical data indicates that the over-
all survival (OS) of patients who do not meet the 
standard intensive chemotherapy conditions is 
only about 5 months [10]. In addition, consider-
ing the heterogeneity of patients’ disease biol-
ogy, age-related complications, potential toxici-
ty, and choice of patients, doctors’ preferences 
and other factors, there is no general standard 
approach to treat AMI.

Some studies [11] have pointed out that bone 
marrow transplantation (BMT) can not only 
enhance the clinical symptoms of patients, but 
also delay the recurrence time and prolong the 
survival period. In patients with AML, BMT can 
reduce the need for repeated chemotherapy, 
which greatly increases their acceptance of  
the treatment. Recent studies have shown that 
BMT is mostly used in patients who are sensi-

tive to chemotherapy or radiotherapy but can-
not be cured by ordinary doses [11]. The treat-
ment technology is widely used in clinical prac-
tice due to the relatively wide age limit of eli- 
gible patients and low transplantation-related 
mortality. Several case-control studies [11-14] 
have investigated the clinical efficacy of BMT in 
treating AMI patients. However, the conclusions 
of the studies are inconsistent, and there were 
great differences in study design and evalua-
tion indicators. The conclusions of a single 
study cannot be used to prove the value of BMT 
in patients with AMI, and the findings still need 
to be supported by high quality research evi-
dence. Therefore, more authoritative scientific 
studies are needed to demonstrate the feasi- 
bility and safety of BMT for AMI, in order to offer 
a theoretical basis for the promotion and appli-
cation of this treatment. Through Meta-analysis 
of similar independent studies, this study eval-
uated the efficacy of BMT for AML in a system-
atic, quantitative, and comprehensive manner.

Research content and methods

The sources and retrieval methods of docu-
ments

PubMed, EMBASE, ScienceDirect, Cochrane Li- 
brary, China National Knowledge Infrastruc- 
ture (CNKI), VIP full-text Database, Wanfang 
Database and Chinese Biomedical Literature 
data (CBM), as well as relevant conference 
papers, degree papers, supplemented by lite- 
rature review were searched, and we collected 
data of case-control trials that applied BMT 
and peripheral HSCT (PHSCT) for treating AML. 
The literature from January 2000 to May 2022 
was searched by free words + subject words, 
with the search terms of BMT, AML, curative 
effect analysis, systematic review; leukemia; 
efficacy analysis; system evaluation.

Literature inclusion and exclusion criteria

Literature inclusion criteria: (1) Study design: 
case-control trials using BMT and PHSCT to 
treat leukemia. (2) Subjects: patients with AML 
who had been diagnosed according to WHO 
diagnostic criteria [12], and there were no 
restrictions on clinical classification, sex, age 
and other biological characteristics. (3) Inter- 
vention: BMT or PHSCT was used. (4) Outcome 
measures: more than one of the following were 
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measured, OS rate, disease-free survival (DFS) 
rate, recurrence rate, incidence of acute graft-
versus-host disease (GVHD) and incidence of 
chronic GVHD.

Literature exclusion criteria: (1) Case-control 
studies were not conducted. (2) It is impossible 
to use the data because the report was incom-
plete. (3) The research content was repeated. 
(4) The evaluation of the curative effect of the 
study was not noticeable. (5) Review of related 
literature. (6) Case reports.

Quality evaluation and data extraction

1) As recommended in Chapter 5.3 of the 
Cochrane System Review Manual, bias risk 
assessment was performed in this study.

2) Literature retrieving and data extraction: an 
independent review of the literature was car-
ried out by two researchers (Ying Li and Fang 
Zhou). Data were extracted, and qualities were 
assessed. Disagreements were discussed and 
resolved, and a third researcher was included 
to assist in the decision-making process if 
needed. To manage and extract research data, 
Note Express document management software 
was used, as well as Excel. Whenever incom-
plete data were found in the literature, this 
article’s authors were contacted to complete it. 
The extracted data contained: (1) basic infor-
mation of the articles: author, publication time, 
number of cases; (2) intervention: scheme, 
course of treatment; (3) outcome indicators:  
OS rate, DFS rate, recurrence rate, incidence of 
acute GVHD and chronic GVHD.

Statistical process

Meta analysis was performed using RevMan5.3 
software. The mean difference was adopted to 
index counting data, and the relative risk (OR) 
was adopted to index measurement data. Point 
estimates and 95% confidence intervals (CIs) 
were provided for each effect. Heterogeneity 
was assessed by using I2 and the χ2 test. If 
P>0.05 and I2<50%, it is considered that the 
included study is homogeneous, and the modi-
fied impact model can be collected for Meta 
analysis. If P<0.05 and I2≥50%, the combined 
effect is needed to judge the homogeneity of 
the included study, then the random effect 
model was chosen. If P<0.05 and the source  
of heterogeneity could not be judged, Meta-

analysis was not performed, and descriptive 
analysis was used.

Results and analysis

Literature retrieval and inclusion

Through computer database retrieval, a total of 
632 articles were found, of which 387 repeat-
ed studies were removed. Following the exclu-
sion criteria, we obtained 86 articles, but 79 of 
them had incomplete data and failed to provide 
main outcomes, and finally 7 controlled trails 
were included [13-19], with 1280 samples. See 
Figure 1 for literature screening diagram and 
Table 1 for basic characteristics of the included 
articles.

Quality assessment of the literature’s method-
ology

All patients in the 7 case-control studies in this 
meta-analysis were reported to have baseline 
health status. Random methods and detailed 
interventions were described in detail in each 
of the articles. Some of the literature imple-
mented distribution hiding, so the selective 
bias was small. There was a small implementa-
tion bias because only 7 articles described in 
detail the numbers and reasons for blindness, 
loss of follow-up, or withdrawal. All the litera-
ture obtained their trial plans, so they were less 
biased. Some reports found other risks, so the 
bias was larger. The risk bias analysis is shown 
in Figures 2 and 3.

Results of meta analysis

OS rate: Meta-analysis was performed on the 
OS rates. Tests of heterogeneity revealed the 
following results: Chi2=9.14, df=6, P=0.17, 
I2=34%, indicating that the data contained in 
the study did not appear to be heterogeneous. 
The fixed-effect model analysis indicated that 
there was no noticeable difference in the OS 
rate (P>0.05). See Figure 4.

DFS rate: A meta-analysis was performed on 
the DFS rates. Tests of heterogeneity revealed 
the following results: Chi2=8.43, df=4, P=0.08, 
I2=53%, indicating that the data contained  
in the study did not appear to be heteroge-
neous. Analyses were conducted using a ran-
dom effect model. The DFS rates did not differ 
noticeably (P>0.05). See Figure 5.
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Table 1. Basic characteristics of the included literature

Include the  
literature

Year of 
publication

Sample size Age (years) Gender
Outcome 

indexBMT PHSCT BMT PHSCT BMT
(Male/female)

PHSCT
(Male/female)

Heldal [13] 2000 39 31 21.8 23 12/18 11/20 ① ③④⑤

Bensigner [14] 2001 91 81 42 42 62/29 56/25 ① ③④⑤

Vigorito [15] 2001 29 27 29.9 36 17/12 21/6 ① ③④

Oehler [16] 2005 40 32 43 43 Unknown Unknown ① ③④⑤

Friedrichs [17] 2010 166 163 37 37 52/114 44/119 ① ④⑤

Anasetti [18] 2012 278 273 Unknown Unknown 168/110 146/127
Zhong Yinghong [19] 2015 11 19 31.2±3.8 29.6±3.2 3/8 6/13 ① ②⑤

Note: BMT: bone marrow transplantation; PHSCT: peripheral blood stem cell transplantation. ① Overall survival (OS) rate; ② 
Disease-free survival (DFS) rate; ③ Acute graft-versus-host disease (GVHD); ④ Chronic GVHD; ⑤ Relapse rate.

Figure 1. Illustration of literature screening. *Consider, if feasible to do so, reporting the number of records identi-
fied from each database or register searched (rather than the total number across all databases/registers). **If 
automation tools were used, indicate how many records were excluded by a human and how many were excluded by 
automation tools. From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 
2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.
n71. For more information, visit: http://www.prisma-statement.org/.
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Acute GVHD: A meta-analysis was performed 
on the acute GVHD. Tests of heterogeneity 
revealed the following results: Chi2=1.00, df=4, 
P=0.91, I2=0%, indicating that the data con-
tained in the study did not appear to be he- 
terogeneous. BMT patients had a noticeably 
lower incidence of acute GVHD, according to 

incidence of chronic GVHD in the BMT group 
was noticeably lower (P<0.05). See Figure 7.

Relapse rate: A meta-analysis was performed 
on the recurrence rate after treatment. Tests of 
heterogeneity revealed the following results: 
Chi2=7.06, df=4, P=0.13, I2=43%, indicating 
that the data contained in the study did not 
appear to be heterogeneous. According to the 
fixed effect model analysis, the BMT group 
experienced a lower recurrence rate (P<0.05). 
See Figure 8.

Recurrence-related mortality: A meta-analysis 
of recurrence-related mortality was carried out. 
Tests of heterogeneity revealed the following 
results: Chi2=4.09, df=4, P=0.39, I2=2%, indi-
cating that the data contained in the study did 
not appear to be heterogeneous. The fixed-
effect model analysis indicated that there was 
no statistical difference in the recurrence-relat-
ed mortality (P>0.05). See Figure 9.

Non-relapse-related mortality: A meta-analysis 
of non-relapse-related mortality was conduct-
ed. Tests of heterogeneity revealed the follow-
ing results: Chi2=3.47, df=4, P=0.48, I2=0%, 
indicating that the data contained in the study 
did not appear to be heterogeneous. The fixed-
effect model analysis indicated that there was 
no statistical difference in the non-relapse-
related mortality (P>0.05). See Figure 10.

Publication bias analysis: Funnel charts were 
drawn on the basis of OS rate, DFS rate, inci-
dences of acute and chronic GVHD, and recur-
rence, and publication bias analysis was car-
ried out. There was a noticeable amount of 
symmetry and a small amount of asymmetry in 
the funnel charts, suggesting possible publica-

Figure 2. Risk bias chart.

the fixed-effect model analy-
sis (P<0.05). See Figure 6.

Chronic GVHD: Chronic GVHD 
was analyzed in a meta-analy-
sis. Tests of heterogeneity re- 
vealed the following results: 
Chi2=1.84, df=5, P=0.87, I2= 
0%, indicating that the data 
contained in the study did not 
appear to be heterogeneous, 
and the fixed-effect model 
analysis indicated that the 

Figure 3. Summary chart of risk bias.
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tion bias in the selected literature because of 
the small sample size and the heterogeneity. 
See Figures 11-17.

Analysis and discussion

AML is a hematological malignant tumor with 
abnormal proliferation of bone marrow hemato-
poietic germ cells (rather than lymphoid germ 
cells) [20]. At present, it is generally believed 
that most leukemias are caused by a combina-
tion of environmental factors and genetic mate-

rial in cells. When it comes to AML in adults, 
age is a determining factor. Symptoms of AML 
include fatigue, asthma, decreased motor abil-
ity, skin and mucosal bruising and bleeding 
[21]. HSCT is a difficult and high-tech clinical 
treatment technology. At present, it is recog-
nized as the most effective treatment for malig-
nant hematological diseases, malignant solid 
tumors sensitive to radiotherapy and chemo-
therapy, non-malignant hematological diseas-
es, hereditary diseases, autoimmune diseas- 
es and acute radiation sickness [22, 23]. HSCT 

Figure 4. Forest analysis of overall survival in patients who received bone marrow transplantation or peripheral 
hematopoietic stem cell transplantation.

Figure 5. Forest analysis of disease-free survival in patients who received bone marrow transplantation or periph-
eral hematopoietic stem cell transplantation.

Figure 6. Forest analysis map of incidence of acute graft-versus-host disease in patients who received bone marrow 
transplantation or peripheral hematopoietic stem cell transplantation.
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Figure 7. Forest analysis map of incidence of chronic graft-versus-host disease in patients who received bone mar-
row transplantation or peripheral hematopoietic stem cell transplantation.

Figure 8. Forest analysis map of recurrence rate in patients who received bone marrow transplantation or peripheral 
hematopoietic stem cell transplantation.

Figure 9. Forest analysis map of relapse-related mortality in patients that received bone marrow transplantation or 
peripheral hematopoietic stem cell transplantation.

Figure 10. Forest analysis chart of non-relapse-related mortality in patients that received bone marrow transplanta-
tion or peripheral hematopoietic stem cell transplantation.
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refers to the use of normal hematopoietic stem 
cells from various sources. The patients who 
received overdose radiotherapy/chemotherapy 
were infused intravenously to replace the origi-
nal pathological hematopoietic stem cells, so 
as to reconstruct normal hematopoietic and 
immune function of the recipients. The advan-
tages are that there is no GVHD, no donor is 
required and it is well tolerated in the elderly. 
The obvious disadvantage, however, is the re-
entry of leukemia cells.

With the improvement of a variety of in vitro 
purification methods, BMT may become the 
best scheme for early intensive therapy. BMT 
replaces diseased bone marrow by intravenous 

as human white blood cell antigens are the 
same. Currently, there have been many suc-
cessful cases. In the past, induction chemo-
therapy was the first choice for patients with 
AML to achieve complete remission of bone 
marrow, followed by multiple courses of con-
solidation chemotherapy to achieve continuous 
remission. However, in adult patients, relapse 
is often inevitable without autologous or allo- 
geneic stem cell transplantation. After the 
relapse of leukemia, patients often die within 
six months. In order to reduce drug resistance 
and relapse of leukemia and achieve long-term 
survival or cure, autologous BMT is required. 
This meta-analysis, included 7 clinical contro- 
lled studies with 1280 samples, showed that 

Figure 11. Funnel chart based on overall survival rate.

Figure 12. Funnel chart based on disease-free survival rate.

infusion of normal bone mar-
row into the patient. It is used 
to treat hematopoietic dys-
function, immune deficiency, 
hematological malignant tu- 
mors and some other malig-
nant tumors. The use of this 
therapy can improve the cura-
tive effect, improve the prog-
nosis, prolong survival and 
radically cure patients. BMT 
simply means to transplant 
normal bone marrow into the 
patient’s abnormal or lost 
hematopoietic bone marrow 
to restore the patient’s hema-
topoietic function [24]. Acc- 
ording to the various sources 
of bone marrow, BMT can be 
divided into allogeneic BMT 
and autologous BMT. Allo- 
geneic BMT is donated by  
the patient’s siblings or oth- 
er close relatives, whereas 
autologous BMT is from an 
individual’s own body. When 
the patient is in remission 
with chemotherapy, the pa- 
tient’s bone marrow is ex- 
tracted and frozen, and then 
BMT is carried out appropri-
ately [25]. Over the past few 
years, considerable progress 
has been made in the con- 
trol of bone marrow rejec- 
tion and GVHD. Many BMT 
centers have used unrelated 
bone marrow donors as long 
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there was no difference in the OS rate and the 
DFS rate between PHSCT and BMT. This has 
shown that both PHSCT and BMT have good 
therapeutic effects on AML patients with the 
similar curative effects, and both of them can 
successfully prolong the survival time of pa- 
tients and protect their physical health. There- 
fore, it is necessary to include more indictors  
to judge which treatment scheme has more 
advantages.

Our study found that the PHSCT and the BMT 
groups showed no noticeable difference in OS 
rates and DFS rates (P>0.05). The incidence of 

advantages over BMT, including rapid implan- 
tation, low immediate mortality caused by stem 
cell extraction, short hospital stays and rapid 
immune reconstruction. However, it was also 
reported that PHSCT led to an increased inci-
dence of GVHD [29, 30]. We carried out meta-
analysis of acute and chronic GVHD, and our 
analysis suggested that the incidences of acu- 
te and chronic GVHD in the BMT group were 
noticeably lower compared to the PHSCT group, 
implying that BMT can noticeably reduce the 
incidence of acute GVHD and risk of chronic 
GVHD in AML patients, showing higher safety. 
To some extent, the Th2-regulated immune 

Figure 13. Funnel diagram based on incidence of acute graft-versus-host 
disease.

Figure 14. Funnel diagram based on incidence of chronic graft-versus-host 
disease.

acute and chronic GVHD in 
the BMT group were notice-
ably lower (P<0.05). Also, the 
recurrence rate of the BMT 
group was lower (P<0.05), but 
no noticeable difference was 
found in recurrence-related 
mortality and non-relapse-re- 
lated mortality (P>0.05). Fun- 
nel charts were drawn on the 
basis of OS rate, DFS rate, 
acute GVHD incidence, chron-
ic GVHD incidence and recur-
rence, and publication bias 
analysis was carried out. Th- 
ere was symmetry in the 
majority of funnel charts and 
asymmetry in a few, suggest-
ing possible publication bias 
in the selected literature be- 
cause of the small sample 
size and the heterogeneity. 
Xue et al. [26] reported that 
the main causes of early 
death after allogeneic HSTC 
were poor implantation and 
early complications. Serious 
complications in the early st- 
age of transplantation inclu- 
de organ failure related to 
preconditioning toxicity, hepa- 
tic vein occlusion syndrome, 
acute GVHD, transplantation-
related infections (such as 
bacteria, fungi or viruses) and 
thrombotic microangiopathy. 
A large number of clinical 
data indicated that PHSCT 
could be the first choice for 
auto-transplantation instead 
of BMT [27, 28]. It has definite 
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machinery of GVHD can lead to autoimmune 
disease. In contrast, BMT contains noticeably 
fewer Th2 cells than PHSCT mobilized by G-CSF 
and is therefore has a lower risk of GVHD, sh- 
owing more application advantages and clinical 
value.

Meta-analysis was performed on the recur-
rence rate, recurrence-related mortality and 
non-relapse-related mortality after treatment. 
The recurrence rate of the BMT group was 
lower, suggesting that BMT treatment could 
noticeably reduce the risk of relapse in AML 
patients, but no noticeable difference was 
found in recurrence-related mortality and non-
relapse-related mortality (P>0.05). Namely, no 
noticeable effect on the mortality of patients 

ble. There is no noticeable difference in OS, 
DFS, recurrence-related mortality and non-
relapse mortality between patients receiving 
BMT and PHSCT. However, BMT can noticeably 
reduce the disease recurrence rate and the 
occurrence of acute GVHD in AML patients. In 
order to verify the results, more studies with 
higher methodological standards and longer 
intervention time are need.
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Figure 15. Funnel chart based on recurrence rate.

Figure 16. Funnel chart based on recurrence-related death.

was discovered, which is con-
sistent with the previous an- 
alysis conclusion. Different 
disease stages and the me- 
dian number of transplanted 
CD34+ cells are related. In 
this analysis, due to incom-
plete data and small sample 
size, the different stages of 
the disease are not explain- 
ed. This study had a number 
of limitations. Firstly, because 
of a relatively strict inclusion 
and exclusion criteria, even 
though the search scope of 
this study included a number 
of authoritative databases, 
only 7 articles were included 
in the final analysis, and the 
heterogeneity was strong, but 
there was no detailed sub-
group analysis of studies with 
heterogeneity. Secondly, fol-
low-up times in all studies 
were not consistent, which 
restricted the results. In view 
of the above, we used a ran-
dom effect model to analyze 
the heterogeneity of the arti-
cle. Also, the search scope 
will be expanded in future 
research to reduce the article 
heterogeneity and publication 
bias.

Conclusions

To sum up, the efficacy of 
BMT and PHSCT is compara-
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