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Objective: We retrospectively compared the outcomes of patients 
with severe aplastic anemia (SAA) who received haploidentical 
hematopoietic stem cell transplantation (haplo-HSCT) combined or 
not combined with umbilical cord-derived mesenchymal stem cells 
(UC-MSCs). 

Materials and Methods: A total of 101 patients with SAA were 
enrolled in this study and treated with haplo-HSCT plus UC-MSC 
infusion (MSC group, n=47) or haplo-HSCT alone (non-MSC group, 
n=54). 

Results: The median time to neutrophil engraftment in the MSC 
and non-MSC group was 11 (range: 8-19) and 12 (range: 8-23) days, 
respectively (p=0.049), with a respective cumulative incidence (CI) of 
97.82% and 97.96% (p=0.101). Compared to the non-MSC group, the 
MSC group had a lower CI of chronic graft-versus-host disease (GVHD) 
(8.60±0.25% vs. 24.57±0.48%, p=0.048), but similar rates of grades II-
IV acute GVHD (23.40±0.39% vs. 24.49±0.39%, p=0.849), grades III-IV 
acute GVHD (8.51±0.17% vs. 10.20±0.19%, p=0.765), and moderate-
severe chronic GVHD (2.38±0.06% vs. 7.45±0.18%, p=0.352) were 
observed. The estimated 5-year overall survival (OS) rates were 
78.3±6.1% and 70.1±6.3% (p=0.292) while the estimated 5-year 
GVHD-free, failure-free survival (GFFS) rates were 76.6±6.2% and 
56.7±6.9% (p=0.045) in the MSC and non-MSC groups, respectively. 

Conclusion: In multivariate analysis, graft failure was the only adverse 
predictor for OS. Meanwhile, graft failure, grades III-IV acute GVHD, 
and moderate-severe chronic GVHD could predict worse GFFS. Our 
results indicated that haplo-HSCT combined with UC-MSCs infusion 
was an effective and safe option for SAA patients.

Keywords: Severe aplastic anemia, Haploidentical, Hematopoietic 
stem cell transplantation, Mesenchymal stem cells

Amaç: Göbek kordonundan elde edilen mezenkimal kök hücrelerin (UK-
MKH’ler) infüzyonu ile kombine edilmiş ve edilmemiş,  haploidentik 
hematopoietik kök hücre nakli (haplo-HKHN) yapılan şiddetli aplastik 
anemili (ŞAA) hastalarının sonuçları geriye dönük olarak  karşılaştırıldı.

Gereç ve Yöntemler: Bu çalışmaya ŞAA’lı toplam 101 hasta alındı 
ve hastalar haplo-HSCT ile birlikte UK-MKH infüzyonu (MKH grubu, 
N=47) ve tek başına haplo-HKHN (MKH olmayan grup, N=54) şeklinde 
iki gruba ayrıldı.

Bulgular: MKH alan ve almayan gruplarda nötrofil engraftmanı için 
medyan süreler sırasıyla, 11 (aralık, 8-19) ve 12 (aralık, 8-23) gün 
(p=0,049) ve kümülatif insidans (CI) sırası ile %97,82 ve %97,96 
(p=0,101) bulundu. MKH almayan grupla karşılaştırıldığında, MKH 
alan grupta daha düşük kronik graft-versus-host hastalığı (cGVHD) 
CI saptandı (%8,60±0,25’e karşı %24,57±0,48, p=0,048), ancak II-
IV akut GVHD (aGVHD) (%23,40±0,39-%24,49±0,39, p=0,849), III-
IV aGVHD (%8,51±0,17 ve %10,20±0,19, p=0,765) ve orta-şiddetli 
cGVHD (%2,38±0,06 vs. %7,45±0,18, p=0,352) gruplarında fark 
görülmedi. MKH alan ve MKH almayan gruplarda tahmini beş yıllık 
genel sağkalım oranları %78,3±6,1 ve %70,1±6,3 (p=0,292) iken, 
GVHD’siz, hastalıksız sağkalım (GFFS) oranları sırasıyla, %76,6 ±%6,2 
ve %56,7±6,9 (p=0,045) idi.

Sonuç: Çok değişkenli analizde greft yetmezliği, OS için tek olumsuz 
gösterge idi. Bu arada, greft yetmezliği, III-IV aGVHD ve orta-şiddetli 
cGVHD arasında daha kötü GFFS’yi öngörebilir. Sonuçlarımız, UC-MKH 
infüzyonu ile birlikte haplo-HKHN’nin ŞAA hastaları için etkili ve 
güvenli bir seçenek olduğunu gösterdi.
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Introduction

Severe aplastic anemia (SAA) is a rare, life-threatening bone 
marrow (BM) failure syndrome characterized by pancytopenia 
and hypoplastic bone marrow. The incidence is 2-2.4 per million 
per year in Europe but higher in China, affecting 7.4 patients 
per million [1].

Although hematopoietic stem cell transplantation (HSCT) from 
a human leukocyte antigen (HLA)-matched related donor (MRD) 
is the first choice for SAA patients who are <40 years old, it 
is difficult to search for HLA-matched siblings in China [2]. 
Immunosuppressive therapy (IST) with antithymocyte globulin 
(ATG) and cyclosporin A (CsA) is recommended as the first-line 
treatment for SAA patients who lack an appropriate MRD and 
those aged >40 years [3]. However, most patients cannot be 
cured by IST. Previous studies showed that response rates were 
in the range of 40%-60% and 25% of responders subsequently 
relapsed [4,5,6]. Therefore, the treatment of SAA patients 
who lack sibling donors or fail to respond to IST is extremely 
challenging.

Stem cells from haploidentical family donors have become the 
most common source of HSCT in China due to the advantage of 
immediate availability for almost any patient [7]. Haploidentical 
HSCT (haplo-HSCT) has greatly developed in recent years. With 
improvements in donor selection, conditioning regimens, and 
graft-versus-host disease (GVHD) prophylaxis, studies comparing 
haplo-HSCT with MRD-HSCT in young patients have revealed 
limited differences in overall survival (OS) [6,8,9]. However, the 
higher incidence of graft failure (GF) and GVHD has limited the 
clinical application of haplo-HSCT for SAA patients [6,10,11,12].

Mesenchymal stem cells (MSCs) have been shown to support 
hematopoiesis and display potent immunomodulatory 
properties for treating GVHD after HSCT [13,14]. It was reported 
that human umbilical cord-derived MSCs (UC-MSCs) have 
higher activity levels of proliferation and differentiation in 
comparison with bone marrow-derived MSCs (BM-MSCs) [11]. 
Thus, UC-MSCs are highly promising for use in haplo-HSCT. In 
recent years, some studies have reported the co-transplantation 
of haplo-HSCT and UC-MSCs with favorable outcomes in cases 
of SAA [11,12,15,16]. To the best of our knowledge, there are 
still no head-to-head studies exploring the efficiency and 
safety of haplo-HSCT with and without UC-MSCs. In the present 
study, we report the outcomes of haplo-HSCT with or without  
third-party UC-MSCs for the treatment of SAA patients in our 
centers from June 2014 to June 2021.

Materials and Methods

Patients

Between June 2014 and June 2021, 101 consecutive SAA 
patients who underwent haplo-HSCT in our transplant unit 

were enrolled in this study. Informed consent was obtained from 
all patients or their parents and the study was approved by the 
Ethics Committee of the First Affiliated Hospital of Zhejiang 
Chinese Medical University. All patients met the following 
inclusion criteria: (1) diagnosed with SAA or very severe aplastic 
anemiaSAA according to the guidelines of the International 
Aplastic Anemia Study Group; (2) no HLA-identical sibling 
donor; (3) no serious infectious disease or acute hemorrhaging; 
(4) absence of severe liver, renal, lung, and heart diseases; 
(5) Eastern Cooperative Oncology Group score of 0-2 points. 
HLA compatibility was determined by high-resolution DNA 
techniques for the HLA-A, B, C, DRB1, and DQB1 loci. Donors 
were ranked on the basis of HLA match, age (younger preferred), 
gender (same preferred), and health status (better preferred).

Conditioning Regimen 

Patients who underwent haplo-HSCT were placed on regimens 
including fludarabine (Flu)/cyclophosphamide (Cy)/ATG or  
Bu/Cy/ATG. Patients with acute SAA received the following 
regimen: intravenous fFlu at 30 mg/m2/day on days -5 and 
-2; intravenous c (Cy) at 50 mg/kg/day on days -5 to -2; and 
intravenous ATG (rabbit, Genzyme Polyclonals SAS, Lyon, France) 
at 2.5 mg/kg/day on days -5 to -2. For patients with chronic 
SAA (SAA-II), or, in other words, patients who had progressed to 
SAA from non-SAA [17], the same protocol for Cy and ATG was 
applied as above with the addition of busulfan (Bu) at 3.2 mg/
kg/day from day -7 to -6.

All patients underwent testing for donor-specific anti-HLA 
antibodies (DSA) before transplantation. If the DSA results were 
positive (MFI >5000), the patient received rituximab (once a 
week, 4 times) and plasmapheresis (2-3 times). The DSA results 
were then reviewed again and transplantation occurred if the 
value dropped below 5000. Among the 101 patients enrolled in 
this study, 5 patients had positive DSA results. After treatment, 
all of these patients had negative DSA results.

Stem Cell Collection and Infusion

All donors were injected with granulocyte colony-stimulating 
factor (G-CSF) subcutaneously at 10 µg/kg/day for 4-5 
continuous days. BM grafts were collected by BM aspiration in 
an operating room on day +1. The target volume was 10 to 20 
mL/kg of the recipient’s weight. In cases of ABO incompatibility, 
red blood cells were removed by sedimentation with Hespan. 
Peripheral blood stem cells (PBSCs) were collected with a COBE 
Spectra device (Gambro BCT, Lakewood, CO, USA) on day +2. The 
target mononuclear cell) count from BM and peripheral blood 
was ≥5x108/kg and the target CD34+ cell count was ≥2x106/kg 
of the recipient’s weight. An additional collection of PBSCs was 
performed on day +3 if the initial cell numbers were insufficient. 
UC-MSCs were purchased from the Shanghai Cord Blood Bank. 
A total of 1x106/kg UC-MSCs was infused 4 h before the infusion 
of the graft on day +1.
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GVHD Prophylaxis

In the protocol applied for these patients, prophylaxis for acute 
GVHD (aGVHD) included CsA, mycophenolate mofetil (MMF), 
and short-term methotrexate (MTX). CsA was administrated 
intravenously twice daily at a dose of 1.5 mg/kg/day from day 
-7 until bowel function returned to normal, at which time 
patients received oral CsA. A target trough blood concentration 
of 200-300 ng/mL was maintained for ≥1 year after  
haplo-HSCT. CsA was gradually tapered thereafter and was 
withdrawn completely in the following 2-3 months. MMF was 
given orally at 500 mg every 12 h (250 mg for children) from 
day -7 to +30 and subsequently at 250 mg from day +30 to 
+90. MTX was administrated intravenously at a dose of 15 
mg/m2 on day +1 and 10 mg/m2 on days +3, +6, and +11. If 
GVHD occurred in any organ, CsA and MMF were continued and 
adjusted to therapeutic concentrations.

Definitions and Post-transplantation Evaluations

Neutrophil engraftment was defined as occurring on the first 
of 3 consecutive days with an absolute neutrophil count of  
>0.5x109/L. Platelet engraftment was defined as occurring on the 
first day of a platelet count of  >20x109/L without transfusion 
for 7 consecutive days. Short-tandem repeat polymerase chain 
reaction of peripheral whole blood was performed monthly to 
assess hematopoietic chimerism from the time of neutrophil 
recovery. 

Primary GF (PGF) was defined as the failure to achieve 
neutrophil engraftment before day +28 after transplantation. 
Secondary GF was defined as graft loss after initial engraftment, 
with the recipient experiencing pancytopenia and hypocellular 
BM without moderate to severe aGVHD [15]. Delayed platelet 
recovery was defined as platelet engraftment achieved after day 
+28. aGVHD was defined according to the criteria proposed by 
the 1994 Consensus Conference on aGVHD Grading [18], while 
chronic GVHD (cGVHD) was defined according to the National 
Institutes of Health Consensus Conference on cGVHD [19]. 

Diagnoses of cytomegalovirus (CMV) infection, CMV pneumonia, 
Epstein-Barr virus (EBV) infection, and EBV-associated post-
transplant lymphoproliferative disorders (PTLDs) were based on 
standard clinical criteria.

OS was defined as the time from the date of haplo-HSCT to the 
date of death or last follow-up. GVHD-free, failure-free survival 
(GFFS) was defined as survival without grades III-IV aGVHD, 
moderate-severe cGVHD, or HSCT failure. Death, primary or 
secondary GF, and relapse were considered as HSCT failures. 

Supportive Care 

All patients were admitted to class 100 laminar flow clean 
wards after a skin-care bath. Patients received oral antibiotics 

(levofloxacin for adults, gentamycin for children) for 
gastrointestinal decontamination before transplantation. 
Fluconazole, acyclovir, and trimethoprim/sulfamethoxazole 
were administered to prevent fungal, viral, and Pneumocystis 
pneumonia infection, respectively. Heparin and prostaglandin E1 
were administrated to prevent veno-occlusive disease. Human 
immunoglobulin was administered intravenously at a dose of 10 
g once a week from day 0 to day +100 after the transplantation.  

Recombinant human G-CSF was given at a dose of 5 µg/kg/day 
from day +3 until neutrophil recovery. Irradiated erythrocytes 
and platelets were given to maintain a hemoglobin level of >60 
g/L and a platelet count of >20x109/L.

Statistical Analysis

The date of last follow-up for all surviving patients was December 
31, 2021. Patient baseline characteristics were compared by  
chi-square test for categorical variables and by Mann-Whitney U 
and Kruskal-Wallis tests for continuous data. OS and GFFS were 
calculated using the Kaplan-Meier method and the groups were 
compared using the log-rank test. The cumulative incidence 
(CI) method was used to calculate the incidence of aGVHD and 
cGVHD with death and GF as competing risks according to the 
competing risk model. We used univariate and multivariate 
analyses to determine whether any of the selected factors were 
predictive of OS and GFFS. In multivariate analysis, all factors 
with values of p<0.1 in univariate analysis were included in the 
Cox regression model. Values of p<0.05 were considered to be 
significant. SPSS 19.0 (IBM Corp., Armonk, NY, USA) was used 
for statistical analyses.

Results

Characteristics of Patients and Donors

SAA patients undergoing haplo-HSCT with UC-MSC infusion 
(MSC group, n=47) or without UC-MSC infusion (non-MSC 
group, n=54) were enrolled in this study. Characteristics of the 
patients and their donors were compared between groups as 
shown in Table 1. The two cohorts were similar with regard to 
age distribution, sex ratio, disease severity, interval between 
diagnosis and transplantation, and previous treatments. No 
differences were found in the baseline characteristics of donors 
and grafts between the two groups.

Engraftment

Forty-seven patients (100%) in the MSC group and 49 patients 
(90.74%) in the non-MSC group survived for 28 days. The five 
patients who experienced early mortality before engraftment 
were not considered in the subsequent analysis. One patient 
in each group experienced PGF. Two patients died suddenly 
before a second HSCT could be performed. The CIs of 28-day 
neutrophil engraftment were 97.82±0.06% and 97.96±0.06% 
in the MSC and non-MSC groups, respectively (p=0.101).  
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Table 1. Characteristics of patients with severe anaplastic anemia, their donors, and grafts.
Variable MSC group (n=47) Non-MSC group (n=54) p
Median age, years (range)
  ≤20 years, n (%)
  21-39 years, n (%)
  ≥40 years, n (%)

25 (8-56)
15 (31.9)
26 (55.3)
6 (12.8)

33 (9-55)
14 (25.9)
24 (44.4)
22 (21.8)

0.134
0.123

Sex, n (%)
  Male
  Female

24 (51.1)
23 (48.9)

33 (61.1)
21 (38.9)

0.310

Disease severity, n (%)
  SAA
  VSAA
  SAA-PNH

23(48.9)
21 (44.7)
3 (6.4)

35 (64.8)
17 (31.5)
2 (3.7)

0.256

Median time from diagnosis to HSCT, months (range) 3 (1-300) 7 (1-120) 0.502
Previous treatment, n (%)
  CsA ± Andriol
  ATG/ALG ± CsA ± Andriol
  Supportive care

34 (72.3)
7 (14.9)
6 (12.8)

43 (79.6)
2 (3.7)
9 (16.7)

0.145

Donor-recipient sex match, n (%)
  Male-male
  Male-female
  Female-male
  Female-female

15 (31.9)
11 (23.4)
9 (19.1)
12 (25.5)

18 (33.3)
7 (13.0)
15 (27.8)
14 (25.9)

0.505

Donor-recipient relationship, n (%) 0.574
Mother-child 5 (10.6) 5 (9.3)
Father-child 12 (25.5) 10 (18.5)
Child-mother 6 (12.8) 10 (18.5)
 Child-father
  Siblings

5 (10.6)
19 (40.4)

11 (20.4)
18 (33.3)

HLA mismatched, n (%) 0.950
Haplo 5 locus mismatched
  Haplo 4 locus mismatched
  Haplo 3 locus mismatched
  Haplo 2 locus mismatched
  Haplo 1 locus mismatched

30 (63.8)
8 (17.0)
7 (14.9)
1 (2.1)
1 (2.1)

31 (57.4)
12 (22.2)
9 (16.7)
1 (1.9)
1 (1.9)

ABO blood types match, n (%)
  Matched
  Major unmatched
  Minor unmatched
  Major and minor unmatched 

27 (57.4)
6 (12.8)
10 (21.3)
4 (8.5)

33 (61.1)
9 (16.7)
8 (14.8)
4 (7.4)

0.815

Conditioning regimen, n (%)
  Flu/Cy/ATG
  Bu/Cy/ATG

35 (74.5)
12 (25.5)

45 (83.3)
9 (16.7)

0.273

Graft type, n (%)
  BM + PB
  PB
Stem cells
  MNCs, x108/kg, median (range)
  CD34+, x106/kg, median (range)

47 (100.0)
0

8.68 (2.49-21.80)
4.90 (1.92-12.70)

52 (96.3)
2 (3.7)

7.33 (2.35-26.00)
5.21 (1.98-16.86)

0.497

0.251
0.817

MSCs: Mesenchymal stem cells; SAA: severe aplastic anemia; VSAA: very severe aplastic anemia; PNH: paroxysmal nocturnal hemoglobinuria; HSCT: hematopoietic stem cell 
transplantation; CsA: cyclosporin A; ATG: antithymocyte globulin; ALG: antilymphocyte globulin; HLA: human leukocyte antigen; Haplo: haploidentical; Flu: fludarabine; Cy: 
cyclophosphamide; Bu: busulfan; BM: bone marrow; PB: peripheral blood; MNCs: mononuclear cells. Values of p<0.05 were considered to be significant.
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The median times to neutrophil engraftment were 11  
(range: 8-19) and 12 (range: 8-23) days, respectively (p=0.049). 
Forty-three and 48 patients achieved platelet engraftment in 
the MSC and non-MSC groups, respectively, with respective 
CIs of platelet engraftment of 91.49±0.19% and 91.84±0.16%  
(p=0.345). The median times to platelet engraftment were 12 
(range: 7-43) and 14 (range: 6-70) days, respectively (p=0.047). 
In the MSC group, 2 patients (4.26%) experienced secondary 
GF and 3 patients (6.38%) had delayed platelet recovery. In the 
non-MSC group, 3 (6.12%) and 6 (12.24%) patients experienced 
secondary GF and delayed platelet recovery, respectively. The 
patients who experienced secondary GF subsequently died due 

to infection or cerebral hemorrhage. No significant differences 
were observed between groups in terms of PGF, secondary GF, or 
delayed platelet recovery (p>0.05, Table 2). 

GVHD

Table 2 presents the incidence and severity of GVHD for both 
groups. Patients with primary engraftment were included in 
the aGVHD analysis. In the MSC group, 17 patients experienced 
aGVHD after HSCT. These included 6 patients with grade I, 7 
with grade II, 3 with grade III, and 1 with grade IV aGVHD. Of 
the 49 patients in the non-MSC groups, 21 experienced aGVHD 
after HSCT, including 9 with grade I, 7 with grade II, 4 with 

Table 2. Comparison of clinical outcomes between the groups after haploidentical hematopoietic stem cell transplantation.
Variable MSC group  (n=47) Non-MSC group (n=54) p

Patients surviving longer than 30 days, n (%) 47 (100) 49 (90.7) 0.059

Engraftment

 Median myeloid recovery, days (range) 11 (8-19) 12 (8-23) 0.049

 Median platelet recovery, days (range) 12 (7-43) 14 (6-70) 0.047

 Primary graft failure, n (%) 1 (2.1) 1 (2.0) 1.000

 Secondary graft failure, n (%) 2 (4.3) 3 (6.1) 1.000

 Delayed platelet recovery, n (%) 3 (6.4) 6 (12.2) 0.526

Acute GVHD n=47 n=49

 None, n (%) 30 (63.8) 28 (57.1) 0.503

 II-IV, n (%) 11 (23.4) 12 (24.5) 0.901

 III-IV, n (%) 4 (8.7) 5 (10.2) 1.000

Patients surviving longer than 100 days, n (%) 42 (89.4) 44 (81.5) 0.267

Chronic GVHD n=42 n=44

 None, n (%) 38 (90.5) 34 (77.3) 0.097

 Mild, n (%) 2 (4.8) 7 (15.9) 0.182

 Moderate to severe, n (%) 2 (4.8) 3 (6.8) 1.000

Infection, n (%) n=47 n=54

 Viremia

  CMV 14 (29.8) 15 (27.8) 0.824

  EBV 31 (66.0) 30 (55.6) 0.286

  EBV-associated PTLD 3 (6.4) 4 (7.4) 1.000

 Pulmonary infections 14 (29.8) 16 (29.6) 0.986

 Septicemia 7 (14.9) 11 (20.4) 0.473

 Herpes zoster 2 (4.3) 10 (18.5) 0.027

Causes of death, n (%) n=47 n=54

 Infection 4 (8.5) 5 (9.3) 1.000

 RRTs 0 3 (5.6) 0.246

 GF 2 (4.3) 3 (5.6) 1.000

 GVHD 3 (6.4) 2 (3.7) 0.873

 TMA 1 (2.1) 0 0.465

 Leukoencephalopathy syndrome 0 1 (1.9) 1.000

Median follow-up time among living patients, months (range) 30.8 (6.5-91.0) 28.1 (6.8-84.5) 0.427

MSCs: Mesenchymal stem cells; GVHD: graft-versus-host disease; CMV: cytomegalovirus; EBV: Epstein-Barr virus; PTLD: post-transplant lymphoproliferative disorder; RRTs: regimen-
related toxicities; GF: graft failure; TMA: thrombotic microangiopathy. Values of p<0.05 were considered to be significant.
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grade III, and 1 with grade IV. At 100 days after transplantation, 
the CIs of grade II-IV aGVHD for the MSC and non-MSC groups 
were 23.40±0.39% and 24.49±0.39%, respectively (p=0.849, 
Figure 1a). The CIs of grade III-IV aGVHD in the MSC and  
non-MSC groups were 8.51±0.17% and 10.20±0.19%, 
respectively (p=0.765, Figure 1b). 

Forty-two patients in the MSC group and 44 in the non-MSC 
group with survival longer than 100 days after transplantation 
were assessed for cGVHD. In the MSC group, 2 patients had mild 
cGVHD, 2 had moderate cGVHD, and none had severe cGVHD. In 
the non-MSC group, 7 patients had mild cGVHD, 2 had moderate 
cGVHD, and 1 had severe cGVHD. Patients in the MSC group 
had a lower CI of cGVHD than the non-MSC group (8.60±0.25% 

vs. 24.57±0.48%, p=0.048, Figure 1c). However, there was no 
significant difference in the CIs of moderate-severe cGVHD 
between the two groups (2.38±0.06% vs. 7.45±0.18%, p=0.352, 
Figure 1d).

Infectious Complications

The most common infections after transplantation were the 
reactivation of CMV and EBV, pulmonary infections, septicemia, 
and herpes zoster (Table 2). 

Fourteen of the 47 patients (29.8%) in the MSC group 
experienced CMV reactivation following transplantation as 
detected by DNA testing. In the non-MSC group, 15 of 54 
patients (27.8%) experienced CMV reactivation. There was no 

Figure 1. Cumulative incidences of graft-versus-host disease (GVHD) for the two groups. a) Cumulative incidences of grade II-IV acute 
GVHD (aGVHD): mesenchymal stem cell (MSC) group 23.40±0.39% vs. non-MSC group 24.49±0.39% (p=0.849). b) Cumulative incidences 
of grade III-IV aGVHD: MSC group 8.51±0.17% vs. non-MSC group 10.20±0.19% (p=0.765). c) Cumulative incidences of chronic GVHD 
(cGVHD): MSC group 8.60±0.25% vs. non-MSC group 24.57±0.48% (p=0.048). d) Cumulative incidences of moderate-severe cGVHD: 
MSC group 2.38±0.06% vs. non-MSC group 7.45±0.18% (p=0.352). 

HSCT: Hematopoietic stem cell transplantation.
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significant difference in CMV reactivation between the two 
groups (p=0.824, Table 2). Viral infections were treated with 
foscarnet or ganciclovir and gamma globulin. In the non-MSC 
group, one patient developed CMV retinitis and recovered with 
an infusion of CMV-specific cytotoxic T lymphocytes. Other 
patients who did not develop CMV disease were mostly cured 
after antiviral treatment.

As shown in Table 2, 31 patients in the MSC group (66.0%) 
and 30 patients in the non-MSC group (55.6%) experienced 
EBV reactivation (p=0.286). Nineteen patients (10 in the MSC 
group and 9 in the non-MSC group) who were not successfully 
treated with antiviral drugs were treated with rituximab. EBV 
copy numbers decreased to the normal range in most cases. 
However, one patient in the non-MSC group only recovered with  
EBV-specific cytotoxic T lymphocytes. Three patients (6.4%) 
and 4 patients (7.4%) progressed to EBV-associated PTLD, 
respectively, in the MSC and non-MSC groups (p=1.000). All 
patients with PTLD received rituximab treatment, and some 
patients received it in combination with chemotherapy. Three 
patients with PTLD in the non-MSC group died of complications 
resulting from immunochemotherapy on day +274, day +205, 
and day +134, respectively. Others recovered from PTLD with the 
regression of enlarged lymph nodes and EBV copy numbers that 
declined to normal values.

In the MSC group, 14 patients (29.8%) experienced pulmonary 
infections, 7 patients (14.9%) experienced septicemia, and 
2 patients (4.3%) experienced herpes zoster. In the non-MSC 
group, 16 patients (29.6%) experienced pulmonary infections, 
11 patients (20.4%) experienced septicemia, and 10 patients 
(18.5%) experienced herpes zoster. The incidence of herpes 
zoster was higher in the non-MSC group than the MSC group 
(p=0.027), but there was no significant difference in the 
incidence of pneumonia or sepsis between the groups (p>0.05, 
Table 2).

Transplantation-Related Mortality

During a median follow-up period of 29.5 (range: 6.5-91) 
months, 10 and 14 patients died of transplantation-related 
mortality (TRM) in the MSC and non-MSC groups, respectively, 
with a median time to death of 91 (range: 31-270) and 76 
(range: 1-274) days (p=0.334). The CIs of TRM in the MSC and 
non-MSC groups were 21.7±6.1% and 27.2±6.2% (p=0.424, 
Figure 2). Severe infection was the primary cause of death in 
both groups (Table 2). In the MSC group, 4 patients died of 
infection (3 pulmonary infections and 1 case of septicemia), 3 
died of GVHD (1 severe aGVHD and 2 severe cGVHD), 2 of GF  
(1 PGF and 1 secondary GF), and 1 of thrombotic microangiopathy. 
In the non-MSC group, the causes of TRM included infection in 
5 cases (4 pulmonary infections and 1 case of septicemia), GF in 
3 cases (1 PGF and 2 secondary GF), regimen-related toxicities in 

3 cases, GVHD in 2 cases (1 each of severe aGVHD and cGVHD), 
and leukoencephalopathy syndrome in 1 case. 

Survival

The estimated 5-year OS rates in the MSC and non-MSC groups 
were 78.3±6.1% and 70.1±6.3%, respectively, and the difference 
was not significant (p=0.292, Figure 3a). However, the estimated 
5-year GFFS rate in the MSC group was significantly higher 
than that of the non-MSC group (76.6±6.2% vs. 56.7±6.9%, 
respectively, p=0.045) (Figure 3b). In univariate analysis, age, 
disease severity, donor-recipient relationship, graft type, and GF 
significantly predicted OS and GFFS (Tables 3 and 4). Meanwhile, 
grade II-IV aGVHD, grade III-IV aGVHD, and moderate-severe 
cGVHD also predicted worse GFFS (Table 4). In multivariate 
Cox regression analysis, only GF was found to be predictive 
of worse OS (p=0.000, Table 3), while GF, grade III-IV aGVHD, 
and moderate-severe cGVHD were significantly associated with 
lower GFFS (p<0.05, Table 4). 

Discussion  

Haplo-HSCT is usually considered as a salvage treatment option 
for SAA patients after failed IST. In recent years, some studies 
have evaluated haplo-HSCT as an upfront therapy for newly 
diagnosed SAA patients [6,20,21]. The currently available data 
reflect a favorable survival outcome of haplo-HSCT in China. 
However, higher incidences of GF and GVHD have limited its 
clinical applications [7]. Numerous trials have been undertaken 
to overcome these challenges, including the co-transplantation 
of MSCs [13,22,23,24]. MSCs possess the capacity to differentiate 
into various types of cells, modulate immune response, and 

Figure 2. Cumulative incidences of transplantation-related 
mortality (TRM) during follow-up in the mesenchymal stem 
cell (MSC) group and non-MSC group were 21.7±6.1% and 
27.2±6.2%, respectively (p=0.424). 

HSCT: Hematopoietic stem cell transplantation.
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support hematopoiesis. They are currently widely used in cases 
of hematological disease, and especially in treating aplastic 
anemia and GF, promoting HSC engraftment, and preventing 
and suppressing GVHD [25]. Given the encouraging results, 
some researchers have tried co-transplanting MSCs with HSCs 
in haplo-HSCT for SAA patients [9,12,13,14,26,27]. Due to the 
rarity of SAA, however, there are still no trials directly evaluating 
the role of MSCs in haplo-HSCT for SAA patients. To the best 
of our knowledge, we present the first prospective, head-to-
head study comparing the efficacy and safety of haplo-HSCT 
combined with or not combined with MSC infusion. Our results 
have demonstrated that co-transplantation of MSC could 
shorten the engraftment time, reduce the incidence of cGVHD, 
and extended the GFFS.

GF is always a major risk of HSCT in cases of SAA, occurring 
more frequently in these cases than in other malignant diseases. 
In earlier years, the GF rate was as high as 70% [28]. In recent 
years, the GF rate has significantly fallen to less than 10% due 
to improved conditioning regimens, the use of G-CSF-mobilized 
grafts, and cell therapy strategies such as cord-blood units 
and MSC infusions [27,29,30,31,32]. MSCs have been shown to 
support hematopoiesis in vitro and in vivo [25]. Some researchers 
combined haplo-HSCT with MSC infusions in a series of single-
arm trials, and the promising results included engraftment rates 
ranging from 93.2% to 98.9% [9,11,12,13,14,15]. Although the 
current incidence of engraftment appears to be higher than 
the historically reported values, there are no head-to-head 
studies to date to confirm this. Our results showed no statistical 
differences in the CIs of neutrophil engraftment (97.82±0.06% 
vs. 97.96±0.06%, p=0.101) or platelet engraftment 
(91.49±0.19% vs. 91.84±0.16%, p=0.345) in the MSC and non-

MSC groups. However, patients in the MSC group experienced 
faster neutrophil engraftment (11 (range: 8-19) vs. 12 (range: 
8-23) days, p=0.049) and platelet engraftment (12 (range: 7-43) 
vs. 14 (range: 6-70) days, p=0.047) compared to those in the  
non-MSC group. Our results thus indicate that co-transplantation 
of MSCs could enhance engraftment in HSCT.

GVHD is another major challenge in haplo-HSCT for SAA. MSC 
applications in the field of GVHD treatment have achieved great 
success due to the immunoregulatory properties of these cells 
[33,34]. However, the efficacy of MSCs for GVHD prophylaxis 
varies in different reports [25,35]. In a phase II study, 37 patients 
with hematological malignant diseases were randomly divided 
into a standard GVHD prophylaxis group (Group 1) and a group 
receiving standard GVHD prophylaxis combined with MSCs 
(Group 2). Results showed that the incidence of grade II-IV 
aGVHD was lower in Group 2 compared to Group 1 (5.3% vs. 
38.9%, p=0.002) [36]. There have been no controlled studies 
to date to confirm the efficacy of MSCs for GVHD prophylaxis 
in SAA patients, although some studies reported that co-
transplantation of haplo-HSCs and MSCs in SAA patients was 
safe and effective [12,13,14,15]. The reported CIs of grade II-IV 
aGVHD, grade III-IV aGVHD, and cGVHD were previously found 
to be approximately 23.5%-29.3%, 4.9%-11.4%, and 18.2%-
26.8%, respectively [12,13,14,15]. These results did not appear 
to differ significantly from the historical findings. On the other 
hand, a meta-analysis concluded that MSCs may make little 
or no difference for the risk of GVHD compared to treatment 
without MSCs in haplo-HSCT for SAA patients [16]. Our results 
showed that the CI of cGVHD in the MSC group was significantly 
lower compared to that of the non-MSC group (8.60±0.25% 
vs. 24.57±0.48%, p=0.048). However, there were no statistical 

Figure 3. Overall survival and graft-versus-host disease (GVHD)-free, failure-free survival of the two groups. a) Comparison of estimated 
5-year overall survival between mesenchymal stem cell (MSC) group and non-MSC group (78.3±6.1% vs. 70.1±6.3%, p=0.292). b) 
Comparison of estimated 5-year GVHD-free, failure-free survival between MSC group and non-MSC group (76.6±6.2% vs. 56.7±6.9%, 
p=0.045). 

HSCT: Hematopoietic stem cell transplantation.
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differences in the CIs of grade II-IV aGVHD, grade III-IV aGVHD, 
or moderate-severe cGVHD between the two groups. Another 
phase II multicenter, randomized, double-blind controlled 
study similarly demonstrated that prophylactic infusion of 
MSCs after haplo-HSCT may reduce the incidence of cGVHD 
in hematological malignant diseases (27.4% vs. 49%, p=0.021) 
[37]. Our data and previous studies thus suggest that MSCs co-
transplanted during HSCT decrease the incidence of cGVHD to 
some extent.

Infection is another major obstacle to survival, and particularly 
lethal viral infections. Accordingly, another issue of concern 

is whether MSCs increase the incidence of infection. In the 
past, some studies suggested that MSCs did increase the risk 
of infection by suppressing T-cell response and increasing the 
secretion of some proinflammatory cytokines [38,39]. However, 
our results showed that the incidences of all types of infections 
did not increase after MSC administration. The incidence of 
CMV and EBV reactivation in the MSC group was 29.8% and 
66.6%, respectively, and these values were consistent with some 
recent studies [14,40]. However, other studies reported a higher 
risk of CMV reactivation (51.7% to 65.9%) and a lower risk 
of EBV reactivation (22.7% to 31.8%) [2,12,13], which seems 
to be contrary to our results. This may be related to different 

Table 3. Univariate and multivariate analysis of factors associated with overall survival. 
Variable OS

Univariate Multivariate

HR (95% CI) p HR (95% CI) p

Age, years

 21-39 vs. ≤20 0.544 (0.235-1.285) 0.011 0.296 (0.052-1.671) 0.168

≥40 vs. ≤20 0.185 (0.050-0.684) 0.155 0.674 (0.216-2.106) 0.497

Gender

 Male vs. female 1.331 (0.616-2.873) 0.467

Disease severity

 VSAA vs. SAA 0.275 (0.078-0.966) 0.044 0.443 (0.100-1.958) 0.283

SAA-PNH vs. SAA 0.346 (0.095-1.258) 0.107 0.418 (0.103-1.691) 0.221

Time from diagnosis to HSCT

 ≤2 vs. > 2 months 0.767 (0.355-1.654) 0.499

Previous treatment

 ATG/ALG vs. CsA 0.843 (0.287-2.479) 0.757

 Supportive care vs. CsA 1.280 (0.286-5.719) 0.747

Donor-recipient relationship

 Mother-child vs. siblings 0.269 (0.082-0.883) 0.030 0.580 (0.157-2.149) 0.415

 Father-child vs. siblings 0.684 (0.171-2.735) 0.591 2.246 (0.448-11.262) 0.325

 Child-mother vs. siblings 0.381 (0.107-1.350) 0.135 0.933 (0.214-4.064) 0.927

 Child-father vs. siblings 1.186 (0.411-3.420) 0.752 1.042 (0.314-3.455) 0.946

Graft type

 PB vs. BM + PB 0.168 (0.040-0.715) 0.016 0.165 (0.025-1.094) 0.062

Treatment group

 MSC vs. non-MSC 1.524 (0.691-3.359) 0.296

GF

Yes vs. no 0.073 (0.027-0.197) 0.000 0.080 (0.027-0.237) 0.000

Grade II-IV aGVHD

 Yes vs. no 0.831 (0.349-1.978) 0.676

Grade III-IV aGVHD

 Yes vs. no 0.491 (0.169-1.426) 0.191

Moderate-severe cGVHD

 Yes vs. no 0.712 (0.168-3.014) 0.645

SAA: Severe aplastic anemia; VSAA: very severe aplastic anemia; PNH: paroxysmal nocturnal hemoglobinuria; HSCT: hematopoietic stem cell transplantation; ATG: antithymocyte 
globulin; ALG: antilymphocyte globulin; CsA: cyclosporin A; BM: bone marrow; PB: peripheral blood; MSC: mesenchymal stem cell; aGVHD: acute graft-versus-host disease; cGVHD: 
chronic GVHD; OS: overall survival; HR: hazard ratio; CI: confidence interval. Values of p<0.05 were considered to be significant.
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conditioning regimens and protocols for GVHD prophylaxis. 
No significant differences were observed between the MSC 
and non-MSC groups in the present study in terms of EBV-
associated PTLD, pulmonary infections, septicemia, and other 
non-infection complications. Thus, our data indicate that MSC 
applications are safe.

The rate of TRM in the MSC group was 21.7%, comparable to 
the rate observed in the non-MSC group (27.2%, p=0.424). 
Infection, GF, and GVHD were the most common causes of 
death. We also observed comparable rates of OS between 

the two groups (78.3±6.1% vs. 70.1±6.3%, p=0.292), with GF 
being the main adverse factor. These findings were consistent 
with previous reports [12,31]. Surprisingly, we found that 
the estimated 5-year GFFS was significantly improved in the 
MSC group compared to the non-MSC group (76.6±6.2% vs. 
56.7±6.9%, p=0.045). Possible explanations for this finding 
include the MSCs promoting faster engraftment to reduce 
the chance of infection or MSCs reducing the risk of cGVHD 
to improve the quality of life. GF, grade III-IV aGVHD, and 
moderate-severe cGVHD were the factors that predicted worse 

Table 4. Univariate and multivariate analysis of factors associated with graft-versus-host disease-free, failure-free survival.
Variable GFFS

Univariate Multivariate

HR (95% CI) p HR (95% CI) p

Age, years

 21-39 vs. ≤20 0.152 (0.049-0.467) 0.001 0.634 (0.133-3.026) 0.567

≥40 vs. ≤20 0.387 (0.187-0.799) 0.010 1.033 (0.363-2.936) 0.951

Gender

 Male vs. female 1.291 (0.659-2.530) 0.457

Disease severity

 VSAA vs. SAA 0.351 (0.102-1.208) 0.097 0.461 (0.099-2.137) 0.322

SAA-PNH vs. SAA 0.577 (0.167-1.994) 0.384 0.500 (0.116-2.164) 0.354

Time from diagnosis to HSCT

 ≤2 vs. >2 months 0.633 (0.323-1.241) 0.183

Previous treatment

 ATG/ALG vs. CsA 0.866 (0.331-2.263) 0.769

 Supportive care vs. CsA 1.331 (0.357-4.958) 0.670

Donor-recipient relationship

 Mother-child vs. siblings 0.228 (0.085-0.612) 0.003 0.403 (0.123-1.320) 0.133

 Father-child vs. siblings 0.537 (0.165-1.745) 0.301 0.594 (0.120-2.941) 0.523

 Child-mother vs. siblings 0.220 (0.068-0.716) 0.012 0.649 (0.149-2.830) 0.565

 Child-father vs. siblings 0.949 (0.385-2.335) 0.909 1.495 (0.487-4.583) 0.482

Graft type

 PB vs. BM + PB 0.222 (0.053-0.929) 0.039 0.504 (0.086-2.940) 0.446

Treatment group

 MSC vs. non-MSC 2.053 (1.001-4.212) 0.050 1.694 (0.731-3.925) 0.219

GF

Yes vs. no 0.125 (0.051-0.311) 0.000 0.049 (0.015-0.162) 0.000

Grade II-IV aGVHD 

 Yes vs. no 0.447 (0.221-0.906) 0.025 1.022 (0.254-4.110) 0.975

Grade III-IV aGVHD

 Yes vs. no 0.064 (0.025-0.161) 0.000 0.023 (0.004-0.137) 0.000

Moderate-severe cGVHD

 Yes vs. no 0.242 (0.093-0.629) 0.004 0.128 (0.039-0.414) 0.001
SAA: Severe aplastic anemia; VSAA: very severe aplastic anemia; PNH: paroxysmal nocturnal hemoglobinuria; HSCT: hematopoietic stem cell transplantation; ATG: antithymocyte 
globulin; ALG: antilymphocyte globulin; CsA: cyclosporin A; BM: bone marrow; PB: peripheral blood; MSC: mesenchymal stem cell; aGVHD: acute graft-versus-host disease; cGVHD: 
chronic graft-versus-host disease; GFFS: graft-versus-host disease-free, failure-free survival; HR: hazard ratio; CI: confidence interval. Values of p<0.05 were considered to be 
significant.
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GFFS. These findings suggest the need to reduce GF and GVHD, 
which may improve survival outcomes. Co-transplantation of 
MSCs during HSCT is a good attempt in this direction, although 
some results were not satisfactory. 

Our study has several limitations. First, certain shortcomings are 
inherent in retrospective, single-center studies. A prospective, 
multicenter, head-to-head clinical trial should be performed 
to confirm our results. Second, other factors that may affect 
engraftment and GVHD, such as variables of the patient 
populations and conditioning regimens, should be controlled in 
future studies. Third, many factors may influence the effects 
of MSC treatment, such as the source of the MSCs (BM-MSCs 
versus UC-MSCs), the frequency of MSC infusions (once, 
twice, or more), therapeutic schedules, and the timing of MSC 
administrations. All of these factors require more studies to 
explore their impacts on efficacy. Despite these limitations, 
however, our study offers remarkable comparative evidence 
of the value of the prophylactic use of MSCs in haplo-HSCT 
treatment for SAA patients.

Conclusion

The work presented here is the first head-to-head, retrospective 
study to date to explore the efficacy and safety of the co-
transplantation of UC-MSCs during haplo-HSCT for the 
treatment of patients with SAA. The encouraging results 
suggest that infusion of MSCs after haplo-HSCT can promote 
engraftment, reduce the incidence of cGVHD, and improve 
GFFS. The prophylactic use of MSCs combined with haplo-HSCT 
was found to be an effective and safe method for the treatment 
of patients with SAA.
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