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IntroductIon

New targeted therapy drugs and improved risk 
stratification strategies have increased the rate of complete 
remission (CR) among patients with primary acute myeloid 
leukemia (AML).[1‑6] However, relapse after CR and refractory 
leukemia are still major challenges to achieving high cure 
rates.[7‑12] Despite aggressive and effective chemotherapeutic 
strategies, many patients with AML who experience 
relapse or refractory disease, particularly relapse after a 
second CR2, succumb to the disease.[13‑23] For this reason, 
researchers have concluded that allogeneic hematopoietic 
stem cell transplantation (allo‑HSCT) should be offered 
to eligible patients with refractory AML or relapsed AML 

after the first CR1 whenever feasible.[24‑29] Unfortunately, 
many patients are unable to receive an allo‑HSCT due to 
the absence of a matched related or unrelated donor (URD) 
and the time required to find a phenotypically matched 
URD as well as the time involved in identifying, typing, and 

Efficacy and Safety of Unmanipulated Haploidentical Related 
Donor Allogeneic Peripheral Blood Stem Cell Transplantation 
in Patients with Relapsed/Refractory Acute Myeloid Leukemia

Li‑Ping Dou, Hong‑Hua Li, Lu Wang, Fei Li, Wen‑Rong Huang, Li Yu, Dai‑Hong Liu

Department of Hematology, Chinese PLA General Hospital, Medical School of Chinese PLA, Beijing 100853, China

Background: Studies of haploidentical‑related donor (HRD) stem cell transplantation using a combination of peripheral blood stem 
cells (PBSCs) and bone marrow as the graft have reported encouraging results for patients with hematological diseases. However, 
few studies specifically reported transplantation of only PBSCs from HRDs among patients with relapsed or refractory  acute myeloid 
leukemia (AML). Here, the long‑term outcomes and side effects of unmanipulated HRD PBSC transplantation (HRD‑PBSCT) for 
relapsed/refractory AML were analyzed.
Methods: We performed a retrospective analysis of the outcomes in relapsed/refractory AML patients who underwent PBSCT from 
HRDs (n = 36).
Results: Thirty‑one (86.1%) patients in the HRD‑PBSCT group achieved platelet recovery. The cumulative incidence of acute 
graft‑versus‑host disease (aGVHD) in the HRD‑PBSCT group was 40.00%, and the cumulative incidence of grades 2–4 aGVHD in this 
group was 13.33%. A total of 13 patients in the HRD‑PBSCT group had recurrent disease at a median of 183 days after transplantation 
(range: 10–1700 days), reaching cumulative incidences of relapse of 50.28% at 5 years. On multivariate analysis, donor age and patient 
age >40 years were independent risk factors for inferior disease‑free survival or overall survival (P < 0.05). The results of the present 
study demonstrate rapid and complete neutrophil engraftment, a low incidence of grade 2–4 aGVHD, and promising survival rates in 
patients after HRD‑PBSCT. Thus, granulocyte colony‑stimulating factor–primed PBSCs may be a reliable graft source in unmanipulated 
HRD‑HSCT under myeloablative conditioning when no matched sibling donor is available.
Conclusions: Our results support the feasibility, effectiveness, and tolerability of PBSCs as a graft source in unmanipulated HRD 
transplantation under myeloablative conditioning in patients with leukemia.

Key words: Acute Myeloid Leukemia; Haploidentical Transplantation; Peripheral Blood Stem Cell Transplantation; Recurrence

Access this article online

Quick Response Code:
Website:  
www.cmj.org

DOI:  
10.4103/0366‑6999.228243

Address for correspondence: Dr. Dai‑Hong Liu, 
Department of Hematology, Chinese PLA General Hospital, Medical 

School of Chinese PLA, 28 Fuxing Road, Beijing 100853, China 
E‑Mail: daihongrm@163.com

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work non‑commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

© 2018 Chinese Medical Journal ¦ Produced by Wolters Kluwer ‑ Medknow

Received: 05‑12‑2017 Edited by: Yi Cui
How to cite this article: Dou LP, Li HH, Wang L, Li F, Huang WR, 
Yu L, Liu DH. Efficacy and Safety of Unmanipulated Haploidentical 
Related Donor Allogeneic Peripheral Blood Stem Cell Transplantation 
in Patients with Relapsed/Refractory Acute Myeloid Leukemia. Chin 
Med J 2018;131:790‑8.

Abstract



Chinese Medical Journal ¦ April 5, 2018 ¦ Volume 131 ¦ Issue 7 791

harvesting cells from an URD.[30‑35] The goal of achieving 
immediate availability of a suitable haploidentical donor 
for virtually all patients, particularly those who urgently 
need transplantation, has led us to focus on haploidentical 
hematopoietic cell transplantation (HCT) for patients with 
relapsed/refractory AML.

Unmanipulated haploidentical‑related donor (HRD) 
HCT has yielded encouraging outcomes in the treatment 
of hematologic malignancies, making it an alternative 
option for patients who do not have an HLA‑matched 
sibling donor (MSD).[36‑40] One study even reported 
that unmanipulated HRD‑HCT from granulocyte 
colony‑stimulating factor (G‑CSF)‑mobilized bone marrow 
and peripheral blood stem cells (PBSCs) achieved a stronger 
graft‑versus‑leukemia (GVL) effect than MSD‑HCT in 
patients with high‑risk acute leukemia.[36] Moreover, PBSC 
transplantation is less invasive for the donor and easy to 
perform. Recent studies demonstrated the feasibility of 
unmanipulated HRD‑HCT from G‑CSF‑mobilized PBSCs 
for the treatment of hematological malignancy.[41,42] However, 
the long‑term outcomes of unmanipulated HRD‑PBSC 
transplantation (HRD‑PBSCT) for relapsed/refractory AML, 
particularly compared with those achieve with MSD‑HCT, 
remain unclear.

Here, we report the results of the retrospective cohort study 
on the efficacy and toxicity of HRD‑PBSCT for the treatment 
of relapsed/refractory AML. In addition, we analyzed the 
results of allo‑HSCT from HRDs to illustrate the similar 
benefits of HSCT from MSDs in this multicenter study.

Methods

Ethical approval
All study procedures were approved by the Chinese PLA 
General Hospital Review Board in accordance with the 
Declaration of Helsinki. Informed consent form was 
obtained from all the patients.

Patients
This study included all cases diagnosed with AML according 
to the World Health Organization classification, expect 
those diagnosed with acute promyelocytic leukemia. Their 
diagnoses were defined by the French–American–British 
and World Health Organization criteria. 

The study population consisted of patients who received 
either HRD‑PBSCT or MSD‑PBSCT at the Chinese PLA 
General Hospital, Beijing, China, between July 2007 and 
February 2016. Prior to transplantation, the enrolled patients 
had been diagnosed with AML beyond CR1 or were in 
nonremission (NR), regardless of cytogenetics; notably, 
no patients with t (15;17) were included in this study. The 
policy of donor choice was based on donor availability. The 
order of preference for donor selection was MSD, matched 
URD, and finally HRD. Patients with any uncontrolled 
infections or with severe pulmonary, renal, hepatic, or 
cardiac diseases were not eligible for transplantation. 

For this comparative analysis, we excluded patients who 
received only chemotherapy (n = 44) and included patients 
who received HRD and MSD transplantation (n = 62), as 
shown in Figure 1.

Transplantation procedures
Note that numbers of days before the transplantation are 
preceded by “−” and numbers of days after the last stem cell 
infusion day are preceded by “+.”

High‑resolution DNA techniques were used to evaluate 
the HLA‑A, B, DRB1, DQB1, and C loci. Donors were 
preferentially ranked according to HLA‑matched loci, 
male sex, younger age, and better performance status. 
Donors were subcutaneously treated with recombinant 
human G‑CSF (5 µg·kg−1·d−1; Filgrastim, Kirin, Japan) 
for 5–6 consecutive days starting on day 4. PBSCs were 
collected with a COBE Blood Cell Separator (Spectra LRS; 
COBEBCT Inc., Lakewood, CO, USA), and on the same day, 
the unmanipulated PBSCs were infused into the recipients. 
The target mononuclear cell count and CD34+ cell count 
were 5–15 × 108/kg and 2–10 × 106/kg of recipient weight, 
respectively.

All patients were given myeloablative conditioning. 
The conditioning regimen for HRD‑PBSCT consisted 
of busulfan (Otsuka Pharmaceutical Company in 
C h i n a ,  3 . 2  m g · k g − 1· d − 1  i n t r a v e n o u s l y  [ I V ] , 
days −10 to −8), carmustine (Jinyao Tianjin Pharmaceutical 
Company, China, 250 mg/m2, day 5), cytarabine 
(Pfizer Pharmaceutical Company, USA, 4  g·m−2·d−1, days 
−7 to −6), cyclophosphamide (Baxter Pharmaceutical 
Company, USA, 60 mg·kg−1·d−1, days −4 to −3), and 
antithymocyte globulin (ATG; thymoglobuline, rabbit; 
Genzyme Pharmaceutical Company, USA, 2.5 mg·kg−1·d−1, 
days −5 to −2). Patients receiving MSD‑PBSCT received 
the same conditioning regimen but without ATG.

All transplant recipients received cyclosporine A (CsA, 
Novartis Pharmaceutical Company, Switzerland), 
mycophenolate mofetil (Roche Pharmaceutical Company, 

Figure 1: Patient selection for analysis. AML: Acute myeloid 
leukemia; CR: Complete remission; PBSCT: Peripheral blood stem cell 
transplantation; HRD: Haploidentical‑related donor; MSD: Matched 
sibling donor; MUD: Matched unrelated donor.
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Switzerland), and short‑term methotrexate (MTX, Pfizer 
Pharmaceutical Company, USA) for GVHD prophylaxis. 
CsA (3 mg/kg, every 12 h, IV) was used from day 9, and 
the concentration was adjusted to 180–200 ng/ml. IV CsA 
was switched to oral administration when the patient’s bowel 
function recovered. From day 9, 0.5 g mycophenolate mofetil 
was administered orally every 12 h and was withdrawn on 
day +45 for HRD‑PBSCT or day +30 for MSD‑PBSCT. After 
graft infusion, MTX was given to all patients at 15 mg/m2 
on day +1 and 10 mg/m2 on days +3, +6, and +11. Patients 
who relapsed after transplantation received modified donor 
lymphocyte infusion (DLI) for the prevention of relapse 
if they showed no signs of acute GVHD. G‑CSF–primed 
PBSCs were used for DLI, and the modified DLI regimen 
was described previously.[43]

Definitions and endpoints
Patients were included if they fulfilled at least one of 
the following criteria defining relapsed/refractory AML: 
(1) primary induction failure after 2 or more cycles of 
chemotherapy, (2) first early relapse after a remission 
duration of fewer than 6 months, (3) first relapse after a 
remission duration of more than 6 months and refractory to 
salvage combination chemotherapy that was useful in the 
first induction therapy, (4) second or subsequent relapse, 
and (5) extramedullary leukemia. Acute GVHD was graded 
according to modified Glucksberg criteria. The endpoint of the 
last follow‑up for all surviving patients was February 1, 2016. 
Engraftment, GVHD, overall survival (OS), disease‑free 
survival (DFS), transplantation‑related mortality (TRM), and 
relapse were calculated from day +1. The primary endpoint 
was DFS. Only patients with successful engraftment were 
included in the analysis of aGVHD. Patients who survived at 
least 100 days were analyzed for chronic GVHD (cGVHD). 
TRM was defined as death from any cause without evidence 
of disease recurrence in the first 28 days post‑HSCT or death 
beyond day +28. The date of neutrophil recovery was defined 
as the first of 3 consecutive days with an absolute neutrophil 
count of 0.5 × 109/L. The date of platelet recovery was defined 
as the first of 7 consecutive days with an absolute platelet 
count of 20 × 109/L without the aid of transfusion. For OS, 
patients were considered to have an event at the time of 
death from any cause. DFS was defined as the time to either 
relapse or death from any other causes. Relapse included 
hematologic, molecular, and cytogenetic relapse.

Statistical analysis
The incidences of aGVHD, cGVHD, leukemia relapse, 
engraftment, and TRM were evaluated with cumulative 
incidence curves, taking into account competing risks. 
Assessments of risk factors for outcomes were calculated 
by multivariate analysis using Cox proportional hazards 
regression. The prognostic value of the following variables 
was investigated: treatment strategy (HRD vs. MSD), patient 
or donor age (<40 vs. ≥40 years), CD34‑positive (+) cells in 
the graft, mononuclear cells in the graft, Eastern Cooperative 
Oncology Group (ECOG) score, cytogenetics risk status, 
molecular abnormalities risk status, CR duration time after 

the first induction therapy, blasts in peripheral blood before 
transplantation, blasts in bone marrow before transplantation, 
donor–recipient sex match, and occurrence of GVHD. 
Probabilities of survival and DFS were calculated via the 
Kaplan–Meier method using log‑rank tests. Multivariate 
analyses were conducted to identify independent predictors 
of NRM, relapse, DFS, and OS. The SAS statistical software 
package version 8.2 (SAS Institute, Cary, NC, USA) was 
used for all analyses.

results

Characteristics of patients and transplantations
The final study population consisted of the 36 patients who 
received HRD‑PBSCT and the 26 patients who received 
MSD‑PBSCT [Figure 1]. The median follow‑up times were 
2177 days for the HRD group and 2673 days for the MSD 
group. The characteristics of patients and donors in these 
transplantation cases are listed in Table 1. No significant 
differences were observed in patient characteristics between 
the two groups, and for both groups, donor age was distributed 
evenly above and below 40 years old. There were also no 
significant differences in terms of underlying disease, time from 
diagnosis to PBSCT, disease status at PBSCT, or conditioning 
regimen between the two groups. In the HRD‑PBSCT cohort, 
patients received PBSCs from a direct family member for 
whom more than 3 of 10 HLA‑A,‑B,‑C,‑DRB1, and‑DQB1 
allele loci (>3/10) were mismatched from the patient.

Engraftment
Sustained myeloid engraftment was achieved in both 
groups (100%) at a median of 16 (10–26) days. During the 
follow‑up period, 31 patients (86.1%) in the HRD‑PBSCT 
group achieved platelet recovery in a median of 25 (10–90) 
days, and all patients in the MSD‑PBSCT group achieved 
platelet recovery in a median of 20 (9–36) days.

Graft‑versus‑host disease
By day +100, 15 patients in the HRD‑PBSCT group and 
5 patients in the MSD‑PBSCT group had experienced 
aGVHD at a median of 42 (10–100) days after transplantation. 
The cumulative incidence of aGVHD in the HRD‑PBSCT 
group was little higher than that in the MDS‑PBSCT 
group [40.00% vs. 18.18%, respectively; Table 2 and 
Figure 2]. The cumulative incidence of grades 2–4 aGVHD 
was 13.33% in the HRD‑PBSCT group and 9.091% in the 
MDS‑PBSCT group. On univariate analysis, no risk factors 
were found for the occurrence of grades 2–4 aGVHD.

By 2‑year post‑HCT, recurrent or late‑onset aGVHD had 
developed in 13.5% (n = 6) of HCT recipients, including 
4 patients in the HRD‑PBSCT group and 2 patients in 
the MSD‑PBSCT group. The median time to onset was 
5.8 months (range, 0.9–24.0 months) and was similar in 
both groups.

After a median of 586 (90–2010) days, the cumulative 
incidences of cGVHD were 17.90% (n = 6) and 33.78% (n = 5) 
after HRD‑PBSCT and MSD‑PBSCT, respectively 
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[Table 2 and Figure 3]. According to NIH criteria, 2 (33.3%) 
of the HRD‑PBSCT recipients had mild cGVHD, 3 (50%) 
had moderate cGVHD, and 1 (16.7%) had severe cGVHD. 
Among the MSD‑PBSCT recipients, 1 (33%) had moderate 
cGVHD and 2 (67%) had severe cGVHD. The mouth was 
the most common site involved (n = 7, 63.6%), followed by 
skin (n = 6, 54.5%) and liver (n = 4, 36.4%).

Relapse
As of February 1, 2016, a total of 13 patients in the 
HRD‑PBSCT group and 10 patients in the MSD‑PBSCT 
group had recurrent  disease after  a median of 

183 days (range: 10–1700 days), reaching cumulative 
incidences of relapse of 50.28% and 33.79% at 5 years, 
respectively [Figure 4]. Six patients in the HRD‑PBSCT 
group and 4 patients in the MSD‑PBSCT group relapsed 
within 100 days after transplantation. The incidences of 
relapse after transplantation from HRDs or MSDs in AML 
patients in NR and CR2 as well as in primary refractory 
patients are shown in Table 3.

On univariate analysis, the incidence of relapse was 36.1% 
in the HRD‑PBSCT group and 38.4% in the MSD‑PBSCT 
group. The incidence of relapse in patients who were beyond 

Table 1: Patient and donor characteristics at the time of allogeneic‑HCT

Characteristics HRD‑HPBSCT (n = 36) MSD‑HPBSCT (n = 26) P
Gender, n (%)

Receipt (male) 26 (73.3) 15 (57.6) 0.372
Donor (male) 26 (73.3) 14 (53.8) 0.239

Donor, n (%)
Mother 2 (5.5)
Father 13 (36.1)
Brother 7 (19.4) 14 (53.8)
Sister 5 (13.8) 12 (46.1)
Son 4 (11.1)
Daughter 3 (8.3)
Other relative 2 (5.5)

Age, n (%)
Patient <40 years 25 (69.4) 14 (53.8) 0.382
Donor <40 years 16 (44.4) 13 (50.0) 0.779

Hematologic malignancy, n (%)
AML

CR2 6 (16.7) 4 (15.4) 0.665
CR3 1 (2.8) 2 (7.7)
NR 29 (80.5) 20 (76.9)

Percentage of bone marrow blasts before stem cell transplantation (%) 13.7 15.2
Cytogenetic risk group, n (%)

Favorable 4 (11.1) 3 (11.5)
Intermediate 26 (72.2) 21 (58.3)
Poor 4 (11.1) 1 (2.8)
No results 2 (5.6) 1 (2.8)

Molecular abnormalities, n (%)
Favorable 4 (11.1) 3 (8.3)
Intermediate 29 (80.6) 18 (50)
Poor 3 (8.33) 3 (8.3)
Not determined 2 (5.6)

Time to transplantation (from diagnosis), n (%)
<7 months 19 (52.8) 13 (50) 0.829
>7 months 17 (47.2) 13 (50)

Conditioning regimen, n (%)
BuCy 26 (72.2) 17 (65.4) 0.664
TBIcy 5 (13.9) 3 (11.5)
FB 5 (13.9) 6 (23.1)

HCT graft
CD34+

<4.77 × 106/kg 15 (41.7) 17 (65.4) 0.171
>4.77 × 106/kg 21 (58.3) 9 (34.6)

HCT: Hematopoietic cell transplantation; HRD‑PBSCT: Unmanipulated haploidentical‑related donor peripheral blood stem cell transplantation; 
MSD‑PBSCT: Matched sibling donors peripheral blood stem cell transplantation; CR: Complete remission; NR: Nonremission; AML: Acute myeloid 
leukemia.
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CR2 (10/20, 50.0%) before transplantation was higher 
than that among those in CR2 (3/10, 33%; P = 0.328). The 
incidence of relapse was lower in recipients of PBSCT from 
a donor aged <40 years (relative risk = 0.25, 95% confidence 
interval: 0.067–0.937; P = 0.04).

Transplantation‑related mortality and causes of death
The incidence of 3‑year TRM was 16.7% after HRD‑PBSCT 
and 4.5% after MSD‑PBSCT. In the HRD‑PBSCT group, 

three patients died of infection (one of cytomegalovirus, one 
of diffuse alveolar hemorrhage, and one of septic shock), and 
two patients died of severe cGVHD. In the MSD‑PBSCT 
group, one patient died of secondary graft failure. A low 
number of CD34+ cells (<4.77 × 106/kg infused in the graft) 
was identified as a risk factor for TRM [P = 0.083, Table 4].

Survival
The probabilities of DFS at 5 years after HRD‑PBSCT and 
MSD‑PBSCT were 29.0% and 50.0%, respectively. The 5‑year 
probability of OS in the HRD‑PBSCT group tended to be 
lower than that in the MSD‑PBSCT group, but the difference 
was not significant [39% vs. 55%; P = 0.125; Figure 5]. To 
assess the prognostic significance of the factors, we focused 
on treatment strategy (HRD vs. MSD) and considered 
factors including patient or donor age (<40 vs. ≥40 years), 
CD34+ cells in the graft, mononuclear cells in the graft, ECOG 
score, cytogenetics risk status, molecular abnormalities risk 
status, CR duration time after the first induction therapy, blasts 
in peripheral blood before transplantation, blasts in bone 
marrow before transplantation, donor–recipient sex match, 
and occurrence of GVHD. Univariate analysis identified 
a CD34+ cell count <4.77 × 106/kg (P = 0.046), patient 
age > 40 years (P = 0.035), and donor age >40 years (P = 0.004) 
as risk factors for lower DFS or OS [Table 5]. On 
multivariate analysis, donor age or patient age >40 years 
was an independent risk factor for inferior DFS or OS 
[P < 0.05, Table 5].

dIscussIon

The current study provides a retrospective analysis 
of HRD‑PBSCT and MSD‑PBSCT in an unselected 
disease‑specific population of patients with relapsed/
refractory AML, particularly those in the NR phase.[11,14,16‑18,20] 
The results of the present study demonstrate the clinical 

Figure 2: Cumulative incidence of grades 2–4 acute GVHD 
af ter HRD‑PBSCT or MSD‑PBSCT. PBSCT: Peripheral blood 
stem cel l  transplantat ion; MSD: Matched sibl ing donor ; 
HRD: Haploidentical‑related donor; GVHD: Graft‑versus‑host disease.

Figure 3: Cumulative incidence of chronic GVHD after HRD‑PBSCT 
or MSD‑PBSCT. PBSCT: Peripheral blood stem cell transplantation; 
MSD: Matched sibling donor; HRD: Haploidentical‑related donor; 
GVHD: Graft‑versus‑host disease.

Table 2: Cumulative incidence of GVHD after HRD‑PBSCT 
or MSD‑PBSCT in patients with relapsed/refractory AML

Items HRD‑PBSCT (n = 36) MSD‑PBSCT (n = 26)

n Percentage n Percentage
Acute GVHD

Grade 1–4 14 40.00 ± 9.09 6 18.18 ± 8.44
Grade 2–4 5 13.33 ± 6.33 3 9.091 ± 6.68

Chronic GVHD 6 17.90 ± 7.47 5 33.78 ± 14.03
HRD‑PBSCT: Unmanipulated haploidentical‑related donor peripheral 
blood stem cell transplantation; MSD‑PBSCT: Matched sibling donors 
peripheral blood stem cell transplantation; GVHD: Graft‑versus‑host 
disease; AML: Acute myeloid leukemia.

Table 3: Cumulative incidence of relapse after 
HRD‑PBSCT or MSD‑PBSCT in patients with refractory/
relapsed AML

Relapse HRD‑PBSCT MSD‑PBSCT

n/n Percentage n/n Percentage
NR 6/13 60.0 2/4 50.0
CR2/3 3/7 33.3 2/6 33.3
Primary refractory 4/16 36.4 6/16 37.5
HRD‑PBSCT: Unmanipulated haploidentical‑related donor peripheral 
blood stem cell transplantation; MSD‑PBSCT: Matched sibling donors 
peripheral blood stem cell transplantation; AML: Acute myeloid 
leukemia; CR: Complete remission; NR: Nonremission.
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potential of HRD‑PBSCT for the treatment of relapsed/
refractory AML.

HRD‑PBSCT has become increasingly attractive as an 
alternative therapy in the past few years; however, it 
remains unclear whether HRDs should be used when MSDs 
are available.[6,11,14] Our results support four important 
conclusions regarding HRD‑PBSCT. First, for patients with 
high‑risk leukemia, HRD‑PBSCT provided almost the same 
GVL effect as MSD‑PBSCT. Second, PBSCT from HRDs 
was equally efficacious as that from suitably matched MSDs, 
resulting in comparable rates of grades 2–4 and severe 
aGVHD, TRM, OS, and DFS. Although the TRM did not 
differ significantly between HRD and MSD, this result may 
need more patients to be confirmed. Third, compared with 
MSD‑PBSCT, patients receiving PBSCs from an HRD and 
a total dose of 10 mg/kg ATG were less likely to suffer 
grades 2–4 aGVHD and severe cGVHD. Finally, donor 
age >40 years was an independent risk factor for inferior 
DFS, particularly in the HRD‑PBSCT group.

Recently, a promising approach to HRD‑PBSCT was 
developed in which ATG is used to achieve depletion of infused 
donor T lymphocytes in vivo.[15,19,24,35] For URD‑PBSCT, the 
recommended dose of ATG is typically 6–8 mg/kg. For 

ATG‑F (Fresenius), a dose of 30–60 mg/kg is recommended. 
Recommended doses of ATG for HRD‑PBSCT need to be 
established. Kharfan et al.[24,35‑37,40] reported that in patients 
with leukemia receiving PBSCs and a dose of 10 mg/kg 
ATG‑F (Fresenius), HRD resulted in an inferior OS (60.8%) 
and DFS (58.3%) compared with HCT from an MSD (OS, 
77.2% and DFS, 63.6%). The cumulative incidences of 
grades 2–4 aGVHD at 3 months were 42.4% and 15.6% for 
recipients of PBSCs from HRDs and MSDs, respectively. 
The incidences of cGVHD at 2 years were 41.4% and 24.3% 
in patients receiving transplants from HRDs and MSDs, 
respectively. Song et al.[41] used a total dose of 10 mg/kg 
ATG (Genzyme, rabbit) in patients receiving haploidentical 
bone marrow plus PBSCs and observed rates of 43% for 
grades 2–4 aGVHD and 53% for 2‑year cGVHD. Our data 
suggest that HRD‑PBSCT with in vivo T‑cell depletion (10 
mg/kg ATG, Genzyme) for relapsed/refractory AML could 
yield improved OS and DFS with acceptable incidences of 
grades 2–4 aGVHD and cGVHD, superior to the findings 
of the previous two studies. The incidence of cGVHD was 
slightly lower in HRD‑PBSCT patients than in MSD‑PBSCT 
patients.

The good outcomes of HRD‑PBSCT in the present study may 
be explained by several factors. First, we used a myeloablative 
conditioning regimen that efficiently reduced the number of 
leukemia cells and achieved full immune suppression in the 
recipient to prevent graft rejection. Second, we used 10 mg/kg 
ATG (Genzyme) to balance GVHD toxicity and the risk of 
relapse and infections and found similar incidences of relapse 
but low rates of aGVHD and cGVHD compared with those 
obtained using low doses of ATG.[24,35‑37,40,41] Different doses 
of ATG exhibit different immunomodulatory potencies; very 
low doses may have reduced immunosuppressive effects, 
whereas very high doses of ATG may aggravate the delay 
in immune recovery and increase the risk of relapse and 
infection. Patients in our study and the study by Holtick 

Table 4: Death after HRD‑PBSCT or MSD‑PBSCT in 
patients with relapsed/refractory AML

Cause HRD‑PBSCT (n = 36) MSD‑PBSCT (n = 26)

Cases, n (%) Cases, n (%)
Relapse 12 (33.3) 8 (30.8)
Infection 5 (13.9)
cGVHD 1 (2.8) 1 (3.8)
HRD‑PBSCT: Unmanipulated haploidentical‑related donor peripheral 
blood stem cell transplantation; MSD‑PBSCT: Matched sibling donors 
peripheral blood stem cell transplantation; GVHD: Graft‑versus‑host 
disease; cGVHD: Chronic GVHD; AML: Acute myeloid leukemia.

Figure 4: Cumulative incidence of relapse after HRD‑PBSCT or 
MSD‑PBSCT. PBSCT: Peripheral blood stem cell transplantation; 
MSD: Matched sibling donor; HRD: Haploidentical‑related donor.

Figure 5: Overall survival after HRD‑PBSCT or MSD‑PBSCT. 
PBSCT: Peripheral blood stem cell transplantation; MSD: Matched 
sibling donor; HRD: Haploidentical‑related donor.
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et al. received PBSCT;[19,24,35‑37,40,41] however, we used a 
higher dose of ATG and obtained better outcomes. Although 
future clinical studies are needed to determine the possibility 
of further improvement in HRD‑PBSCT outcomes with 
appropriate doses of ATG, our results showed that patients 
with relapsed/refractory AML receiving HRD‑PBSCT with 
10 mg/kg ATG experienced statistically similar outcomes as 
patients receiving MSD‑PBSCT.

HRD‑HSCT may potentially exert a strong GVL effect. 
However, comparative clinical studies to confirm the 
potential beneficial effects of HRD‑HSCT have not yet been 
performed. Kanate et al. reported that the incidence of relapse 
was dramatically decreased after one‑locus‑mismatched 
HSCT compared with matched HSCT for high‑risk 
diseases.[22] Yu et al. reported that the relapse rate for 
high‑risk patients after HRD‑HSCT (26%) was lower than 
that after MSD‑HSCT (49%). Other studies have shown 
that the 5‑year incidence of relapse is significantly affected 
by donor type (34.0% in a MSD cohort vs. 14.2% in a HRD 
cohort).[19,24,35‑37,40,41] Given that many factors, such as disease 
type, remission status before HSCT, infused T‑cell number, 
conditioning regimen, GVHD prophylaxis regimen, presence 
of aGVHD and cGVHD, patient age, and other factors, can 
influence the relapse rate after HSCT, the GVL effects in 
these previous studies are difficult to interpret because of 
the heterogeneity of the included diseases, e.g., AML and 
ALL.[19,24,35‑37,40,41] In the present study, the disease type was 
relapsed/refractory AML, primarily in the NR phase, which 
resulted in relatively uniform subpopulations. In addition, 
all patients in this study were treated with same conditioning 
regimen, and the occurrence of grade 2–4 aGVHD was similar 
in both groups. The only disparity in the GVHD prophylaxis 
schedule was that patients receiving HRD‑PBSCT were given 
ATG for additional immune suppression. Although this is a 
distinguishing feature between the groups, we believe that this 
did not affect the conclusions of this study. The requirement 
for more intense immune suppression in patients undergoing 
HRD‑HSCT is an integral requirement for the prevention 
of GVHD and facilitation of engraftment. For patients with 
relapsed/refractory AML, HRD‑PBSCT carried a similar 
probability of GVL as MSD‑PBSCT.

The results of the present study demonstrate rapid and 
complete neutrophil engraftment, a low incidence of 
grade 2–4 aGVHD, and promising survival rates in patients 
after HRD‑PBSCT. Thus, G‑CSF–primed PBSCs may be a 

reliable graft source in unmanipulated HRD‑HSCT under 
myeloablative conditioning when no MSD is available.
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单倍体相合外周血干细胞移植治疗复发难治急性髓系白
血病的疗效和安全性研究

背景: 目前的报道关于采用外周血干细胞和骨髓联合输注的单倍体相合移植治疗恶性血液病取得了很好的疗效，而单用外周
血干细胞的单倍体相合移植治疗复发难治急性髓系白血病的研究较少。本文分析了单用外周血干细胞单倍体相合移植治疗复
发难治急性髓系白血病长期疗效和毒副反应。
方法: 回顾性分析接受单倍体相合外周血干细胞的36例复发难治急性髓系白血病的疗效。
结果: 36例患者中有31例单倍体移植患者血小板植入，植入率为86.7%。急性移植物抗宿主病的累积发生率为40%，2‑4度急
性移植物抗宿主病的累积发生率为13.33%。移植后13例患者出现疾病复发，平均复发时间为移植后183天（10 ‑1700天），5
年的累积复发率为50.28%。多因素分析显示，供者年龄或患者年龄≥ 40岁是复发难治急性髓系白血病患者单倍体移植预后不
良（总生存率和无疾病生存率）的独立危险因素(P < 0.05)。 单倍体相合外周血干细胞移植治疗复发难治急性髓系白血病，
移植后中性粒细胞和血小板重建迅速，2‑4度急性移植物抗宿主病发生率低，总体生存预后较好。由此，当复发难治急性髓
系患者缺乏同胞全合供者时，粒细胞集落刺激因子动员的外周血干细胞单倍体相合移植可以作为治疗该类患者的较好选择。
结论: 本研究证明了粒细胞集落刺激因子动员的外周血干细胞用于单倍体相合清髓移植治疗急性白血病的可行性、有效性和
安全性。

摘要


