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Abstract  

Backgrounds: Regarding patients with severe aplastic anemia (SAA) who fail 

immunosuppressive therapy and lack an HLA-matched sibling donor (MSD), the best 

alternative donor including unrelated (URD) and haploidentical (HAPLO) donors for 

allogeneic stem cell transplantation (SCT) remains to be established.  

Methods: We analyzed the comprehensive outcomes of 153 consecutive adult SAA patients 

treated with SCT from alternative donors: 73 HLA-well matched (8/8) URDs (WM-URDs), 34 

mismatched (6-7/8) URDs (MM-URDs), and 46 HAPLOs. 

Results: Neutrophil/platelet engraftments were achieved at a median of 11/15 days for WM-

URDs, 13/16.5 days for MM-URDs, and 12/14 days for HAPLOs, respectively. The 3-year 

overall survival (OS), failure-free survival, cumulative incidence of graft-failure, and 

transplant-related mortality were statistically not different among the 3 groups: 90.3%, 87.5%, 

2.7%, and 9.8% for WM-URDs; 85.3%, 81.7%, 0%, and 14.7% for MM-URDs, and 84.4%, 

82.3%, 6.5%, and 11.2% for HAPLOs, respectively. The rates of other complications, including 

graft-versus-host disease, cytomegalovirus DNAemia, hemorrhagic cystitis, invasive fungal 

disease, secondary malignancies, and sinusoidal obstruction syndrome, were also statistically 

not different. Subgroup analysis of the MM-URD group showed that the 3-year OS of patients 

receiving SCTs from 6/8-URDs were worse than those receiving SCTs from 7/8-URDs (75.0% 

vs. 94.4%, p=0.26).  

Conclusion: There was no significant difference in the SCT outcomes with WM-URDs, MM-

URDs, or HAPLO donors. The clinician can make the best choice among these alternative 

donor sources based on the host/donor features and the urgency of the need for SCT. However, 

the selection of 6/8-URDs should be avoided due to inferior survival outcomes. 
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Introduction 

Severe aplastic anemia (SAA) is a hematopoietic stem cell disorder characterized by 

pancytopenia and hypocellular bone marrow. It can be life-threatening because of fatal 

infections and/or hemorrhage related to the disease course. The standard treatments for SAA 

include allogeneic hematopoietic stem cell transplantation (SCT) from an HLA-matched 

sibling donor (MSD) or immunosuppressive therapy (IST).1,2 SCT from an alternative donor, 

including an unrelated (URD) or haploidentical related donor (HAPLO), is considered a 

treatment option for patients who fail to respond to IST and who lack an MSD.2,3 

In accordance with the classic principle that HLA compatibility is a major factor 

determining the outcomes of SCT, a well-matched (WM)-URD has been suggested as an 

alternative donor choice for SCT for various hematological diseases.4 Even with specific cohort 

of SAA patients, the superiority of the use of HLA-matched donors over that of HLA-

mismatched donors has been reported in several previous studies.5 However, the search for a 

WM-URD can be time-consuming, and the probability of finding a WM-URD is approximately 

50%.6 Unlike URD SCT, HAPLO SCT could be a favorable option because of the ready 

availability of a related donor for SCT without the need to search for a donor and the subsequent 

use of adoptive cellular immunotherapy.7 Moreover, the current results of HAPLO SCT are 

promising. A European group reported an average 1-year survival rate of approximately 74%.2 

Our previous study also demonstrated good outcomes, as indicated by an 88.2% 1-year overall 

survival (OS) rate in a prospectively designed study.8 Nevertheless, HAPLO SCTs are still 

regarded as experimental owing to the relatively limited number of studies and uncertain long-

term outcomes.9 

Considering the increased ease in securing a HAPLO donor than a URD, the 

technological advances in HAPLO SCTs, and the classical importance of HLA compatibility, 

a study identifying optimal alternative donors needs to be performed. Thus, to compare and 
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investigate the most optimal alternative donors among WM-URDs, mismatched (MM)-URDs, 

and HAPLOs for adult patients with acquired SAA, we conducted a retrospective cohort study. 

Materials and Methods 

Patient selection 

Among 338 consecutive adult patients with SAA who received allogeneic SCTs 

between March 2002 and May 2018 at our center, 153 patients who received SCTs from 

alternative donors were enrolled in the study cohort: 73 with WM-URDs, 34 with MM-URDs, 

and 46 with HAPLOs. The data were analyzed in May 2019. This study was approved by the 

Institutional Review Board of the Catholic University of Korea (KC18RESI0765) and was 

conducted in accordance with the Declaration of Helsinki. 

The alternative donor types and stem cell sources for the SCTs in the current study 

were selected according to the strategy used at our center as follows.3,8,10 (i) All patients had 

failed IST prior to SCT and did not have a suitable MSD. (ii) A URD was first considered as 

the alternative donor according to a policy of the Korean Network for Organ Sharing. URDs 

with antigen mismatches at the level of HLA-A, B, or DR and the combined mismatch of the 

HLA-C antigen plus 2 alleles were strictly excluded as alternative SCT donors.10,11 (iii) 

Although bone marrow (BM) was our preferred graft source for URD SCTs, the choice of the 

stem cell source between BM and granulocyte colony-stimulating factor (G-CSF)-mobilized 

peripheral blood (PB) stem cells was solely determined according to the potential URD 

donor.10 (iv) For SCT with MM-URD and HAPLO SCT, all patients had been evaluated for the 

presence of donor specific HLA antibodies (DSA) since July 2013. We have excluded HLA-

mismatched donor whose HLA presented strong results for DSA since September 2013 (see 

Definitions). (v) HAPLO was allowed as a first-line treatment in cases requiring an urgent SCT, 

including those presented as very severe aplastic anemia (VSAA) with no MSD or potential 

URD donors.8 (vi) All HAPLO SCTs used T-cell-replete PB stem cells as a graft source.  
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Transplantation procedure, GVHD prophylaxis, and supportive care 

For patients receiving URD SCTs, a conditioning regimen consisting of total body 

irradiation (TBI, fractionated 800 or 600 cGy during D-4 and D-5) and cyclophosphamide (50-

60 mg/kg/day for 2 days on D-3 and D-2) was used for all patients. Based on our previous 

study10 and experience with de-escalating the conditioning intensity, the dose of 

cyclophosphamide was reduced from 120 mg/kg to 100 mg/kg in January 2010, and the TBI 

dose was also changed from 800 cGy to 600 cGy in December 2014. All patients who received 

HAPLO SCTs were administered a conditioning regimen with TBI (fractionated 800 or 600 

cGy during D-7 and D-8) and fludarabine (30 mg/m2/day for 5 days, on D-6, D-5, D-4, D-3, 

and D-2). The TBI dose in these patients was reduced from 800 cGy to 600 cGy in October 

2014 based on the results of our previous trial.8 

For graft-versus-host disease (GVHD) prophylaxis, tacrolimus was administered 

starting on D-1 in combination with a short-term course of methotrexate (5 mg/m2 IV bolus on 

days +1, +3, +6, and +11). During conditioning, antithymocyte globulin (ATG, 

Thymoglobulin®, Sanofi Genzyme, Lyon, France) at various doses was infused intravenously 

into all patients who received HAPLO SCTs (5-10 mg/kg) and a subset of patients who received 

URD SCTs (2.5-5 mg/kg). The use of ATG and the ATG dose were selected based on previous 

reports.8,10,11 During the transplantation procedures, all patients were treated in a designated 

room with laminar airflow isolation and received identical supportive treatments, including G-

CSF (5 μg/kg per day) that was administered subcutaneously from day +7 until an absolute 

neutrophil count (ANC) >3.0 x 109/L was reached, prostaglandin E1 and ursodeoxycholic acid, 

which were administered for the prophylaxis of sinusoidal obstructive syndrome (SOS), and 

prophylactic ciprofloxacin, itraconazole oral solution and intravenous acyclovir starting from 

the initiation of conditioning until engraftment was achieved. Prophylaxis against pneumonia 

caused by Pneumocystis jiroveci was performed by administering cotrimoxazole (Bactrim, 
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Roche, Basel, Switzerland) after engraftment until the end of post-SCT 1 year. 

Definitions 

The diagnosis of SAA was based on criteria proposed by previous reports.2,12 VSAA 

was diagnosed as SAA with a neutrophil count less than 0.2 x 109/L.13 DSA were measured by 

using a Luminex 200 system (Luminex Corp., Austin, TX): Beads with median fluorescence 

intensity (MFI) of greater than 1000 were defined as positive. DSA status were defined as weak 

(MFI 1000-3000), weak-moderate (MFI 3000-5000), moderate (MFI 5000–10 000), and strong 

(MFI >10 000) as described in our previous reports.8,14 The hematopoietic cell transplantation-

comorbidity index was assessed according to the method outlined by Sorror et al.15 Neutrophil 

engraftment was indicated by an ANC ≥ 0.5 x 109/L during the first 3 consecutive days. Platelet 

engraftment was indicated by a platelet count ≥ 20 x 109/L without transfusion support during 

the first 5 consecutive days. Primary GF was defined as the failure to achieve hematopoietic 

recovery of the ANC (≥ 0.5 x 109/L). Secondary GF was indicated by an ANC < 0.5 x 109/L 

despite prior hematopoietic recovery of the ANC.16 Nonhematological toxicity during 

transplantation was assessed according to the NCI Common Terminology Criteria for adverse 

events.17 Invasive fungal disease (IFD) was diagnosed based on the criteria outlined by the 

European Organization for the Research and Treatment of Cancer/Mycoses Study Group.18 

Acute and chronic GVHD were diagnosed and graded according to the most recent consensus 

criteria.19,20 

Statistics 

All categorical variables were assessed with chi-squared tests. The continuous 

variables among the 3 groups treated with WM-URDs, MM-URDs, and HAPLOs were 

compared by 1-way ANOVA. The cumulative incidences of neutrophil and platelet 

engraftment, acute and chronic GVHD, cytomegalovirus (CMV) DNAemia, grade II-IV 

hemorrhagic cystitis, IFD, secondary malignancies, posttransplant lymphoproliferative 
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diseases, and SOS were calculated by considering both GF and death by other causes as 

competing risks. The OS rate represents the proportion of patients who were alive at the 

specified time after the date of transplantation and was associated with death due to any cause. 

The failure-free survival (FFS) rate was indicated as the proportion of patients who were alive 

without primary or secondary GF or death from any cause after SCT. The OS and FFS rates 

were calculated using Kaplan–Meier survival analysis. The probability of GF and the 

transplant-related mortality (TRM) rate were calculated by cumulative incidence estimation by 

considering the competing risks, including treatment-related deaths and GF, respectively. The 

cumulative incidences of the abovementioned outcomes were compared using the Gray test 

with univariate analysis. Variables with p < 0.2 according to the univariate analyses were 

included in multivariate models, with the exception of factors related to donor type (WM-URD, 

MM-URD, and HAPLO). Finally, variables with p < 0.2 or those related to donor type 

regardless of the p-value were included in the multivariate models, which were generated based 

on the Fine and Gray regression model with a backward stepwise selection. All statistical 

analyses were performed using R statistical software (ver. 3.6.1, R Foundation for Statistical 

Computing, Vienna, Austria, 2019-07-05). Statistical significance was indicated at p-values < 

0.05. 

Results 

Baseline and transplant-related characteristics 

The pretransplantation characteristics were well balanced among the 3 groups, except 

for the patient and donor ages and variables related to specific considerations linked to donor 

choice, i.e., severity at diagnosis, HLA incompatibility, stem cell source, the content of the graft 

cells, and the use of ATG. The proportion of VSAA patients, the HLA mismatch level, patients 

who received transplant since 2012, TBI dose (800 vs. 600 cGy), use of ATG, use of PB stem 

cells, and dosages of CD34+ and CD3+ graft cells obtained from the PB stem cell sources were 
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significantly higher in HAPLO than in either WM-URD or MM-URD (all p<0.001). The 

median patient age at SCT in the HAPLO (33.5 years, range, 18 - 59) cohort was greater than 

that of the WM-URD (29 years, range, 18 - 59) or MM-URD cohorts (31 years, range 18 - 54) 

(p=0.038). The median age of the donor was also significantly older for the HAPLOs (40 years, 

range, 13 - 66) than the respective WM-URDs (28 years, range, 19 - 42) or MM-URDs (28 

years, range 20 - 46) (p < 0.001). Other details regarding the patient characteristics are shown 

in Table 1. 

Hematopoietic recovery, graft failure, and survival outcomes 

In terms of platelet engraftment, 1 patient in the WM-URD group, who died of sepsis 

6 weeks post-SCT, and 1 surviving patient in the HAPLO group did not achieve platelet 

engraftment until the last follow-up at 18.8 months. Neutrophil and platelet engraftment in 1 

patient in the MM-URD group could not be confirmed because he died of sepsis 1 week post-

SCT. The cumulative incidences of patients who achieved neutrophil and platelet engraftments 

showed no statistically significant intergroup differences (p = 0.611 for neutrophil engraftment 

and p = 0.269 for platelet engraftment) at medians of 11 (range, 8-30) and 15 (range, 8-230) 

days for the WM-URDs, 13 (range 9-21) and 16.5 (range 6-102) days for the MM-URDs, and 

12 (range 10-22) and 14 (range, 5-182) days for the HAPLOs, respectively (Figure 1). 

At corresponding median follow-up times of 70.8 (range, 0.9 - 173.2) months in the 

WM-URD patients, 75.3 months (range, 1.2 - 174.1) in the MM-URD patients, and 29.9 

months (range, 1.1 - 81.8) in the HAPLO patients, both the 3-year OS rates and FFS rates were 

not statistically different between the 3 groups. The 3-year OS rates were 90.3% (95% CI: 80.6-

95.2) for the WM-URDs, 85.3% (95% CI: 68.2-93.6) for the MM-URDs, and 84.4% (95% CI: 

70.0 - 92.3) for the HAPLOs (p = 0.659, Figure 2A). The 3-year FFS rates were 87.5% (95% 

CI: 77.3 – 93.3) for WM-URDs, 85.3% (95% CI: 68.2 – 93.6) for MM-URDs, and 82.3% (95% 

CI: 67.6 - 90.7) for HAPLOs (p = 0.8, Figure 2B). 
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The cumulative incidences of both GF and TRM were also not statistically different 

among the 3 groups. The 3-year cumulative incidence of GF was 2.7% (95% CI: 0.5 - 8.6) for 

WM-URDs, 0% for MM-URDs, and 6.5% (95% CI: 1.7 - 16.2) for HAPLOs (p = 0.253, Figure 

2C). The 3-year cumulative incidence of TRM was 9.8% (95% CI: 4.3 – 18.0) for WM-URDs, 

14.7% (95% CI: 5.3 – 28.7) for MM-URDs, and 11.2% (95% CI: 4.0 - 22.5) for HAPLOs (p = 

0.655, Figure 2D). 

Comparison of the incidence of GVHD and major complications 

The cumulative incidences of acute and chronic GVHD according to the donor type is 

shown in Figure 3. The 180-day cumulative incidence of grade II-IV acute GVHD showed a 

trend toward a higher rate in the MM-URD group than in the other groups (35.6%, 95% CI: 

24.8 - 46.6 for WM-URDs; 52.9%, 95% CI: 34.7 - 68.3 for MM-URDs; and 30.4%, 95% CI: 

17.8 - 44.0 for HAPLOs; p = 0.076, Figure 3A). Similarly, the 3-year cumulative incidence of 

moderate-to-severe chronic GVHD for MM-URDs was higher than that for either WM-URDs 

or HAPLOs (23.3%, 95% CI: 14.3 – 33.6 for WM-URDs; 32.5%, 95% CI: 17.4 – 48.6 for MM-

URDs; and 11.2%, 95% CI: 4.0 -22.6) for HAPLOs; p = 0.072, Figure 3D). According to the 

post hoc analyses of grade II-IV acute GVHD and moderate-to-severe chronic GVHD, the 

respective incidences were significantly higher for MM-URDs than HAPLOs (p = 0.032 for 

grade II-IV acute GVHD and p = 0.022 for moderate-to-severe chronic GVHD) (Figure 3A and 

3D). However, the donor type was not significantly associated with the development of grade 

II-IV acute GVHD and moderate-to-severe chronic GVHD in the multivariate analyses. ATG 

use was identified as the significant factor affecting the occurrence of grade II-IV acute GVHD 

(hazard ratio (HR) = 0.521, 95% CI: 0.314 - 0.866, p = 0.012, Table S1, SDC, 

http://links.lww.com/TP/B953), whereas the factor of transplant year significantly associated 

with development of moderate-to-severe chronic GVHD (HR = 0.307, 95% CI: 0.15 - 0.628, p 

= 0.001, Table S2, SDC, http://links.lww.com/TP/B953). 
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In contrast, the cumulative incidence of either grade III-IV acute GVHD or mild-to-

severe chronic GVHD was not significantly different among the 3 groups. The 180-day 

incidence of acute GVHD III-IV was 12.3% (95% CI: 6.0 - 21.0) for WM-URDs, 23.5% (95% 

CI: 10.9 - 38.9) for MM-URDs, and 15.2% (95% CI: 6.6 - 27.1) for HAPLOs (p = 0.308, Figure 

3B). The 3-year rate of mild-to-severe chronic GVHD was 41.1% (95% CI: 29.7 - 52.2) for 

WM-URDs, 41.2% (95% CI: 24.4 - 57.2) for MM-URDs, and 28.5% (95% CI: 16.2 - 42.2) for 

HAPLOs, (p = 0.425, Figure 3C). 

We compared the incidences of other major complications, including CMV DNAemia, 

posttransplant lymphoproliferative disease, IFD, secondary malignancies, grade II-IV 

hemorrhagic cystitis, and SOS, among the 3 groups. The incidences of these complications 

were not different among the 3 groups (Table 2 and Figure S1, SDC, 

http://links.lww.com/TP/B953). 

Subgroup analysis of mismatched unrelated donors 

The MM-URD patients were subgrouped according to the level of HLA mismatch, 

resulting in an MM-URD group with 7/8-HLA matches (1 allele MM-URD, n = 18) and a 6/8-

URD group including 2 mismatched alleles, and 1 mismatched HLA-C antigen with/without a 

1 allele mismatch (n = 16). The cumulative incidences of grade II-IV acute GVHD [55.6% 

(95% CI: 29.3-75.4) vs. 50.0% (95% CI: 23.3-71.9), p=0.724], grade III-IV acute GVHD 

[22.2% (95% CI: 6.6-43.6) vs. 25.0% (95% CI: 7.3-48.0), p=0.891], mild-to-severe chronic 

GVHD [44.4% (95% CI: 20.7-65.9) vs. 37.5% (95% CI: 14.4-60.8), p=0.664], and moderate-

to-severe chronic GVHD [27.8% (95% CI: 9.6-49.6) vs. 38.4% (14.6-62.1), p=0.912] showed 

no differences between the 7/8-URD and 6/8-URD groups (Figure S2, SDC, 

http://links.lww.com/TP/B953). Both the 3-year OS rates and the 3-year cumulative incidences 

of TRM were more favorable in the 7/8-URD group than in the 6/8-URD group [94.4% (95% 

CI: 66.6-99.2) vs. 75.0% (95 CI: 46.3-89.8) for OS, Figure 4A; 12.3% (95% CI: 1.8-33.3) vs. 
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25.0% (95% CI: 7.3-48.0) for TRM, Figure 4B], although the differences did not reach 

statistical significance (p=0.26 for OS, p=0.263 for TRM). 

Discussion 

In the current study, we comprehensively compared the major transplant outcomes in 

adult patients with acquired SAA who received grafts from MM-URDs, WM-URDs, and 

HAPLOs. To the best of our knowledge, this is the first report comparing the outcomes of SCT 

from the 3 different types of alternative donors. All outcomes compared in the current study 

did not show significant differences. However, subgroup analysis of the MM-URD group 

revealed that SCTs from 6/8-URDs, who had 2 mismatched alleles or 1 mismatched HLA-C 

antigen with/without a 1 allele mismatch, produced inferior survival outcomes and higher 

incidences of TRM compared to SCTs from 7/8-URDs. One major problem with our results 

was the unbalanced transplant characteristics that resulted from either the use of different 

selection criteria for the donor type or differences in the transplant procedures due to the donor 

type (i.e., severity at diagnosis, HLA incompatibility, follow-up times, TBI dose, ATG dose, 

stem cell type, and graft cell contents). Apart from the acceptable differences in terms of the 

baseline characteristics according to the donor type, there were significant differences in the 3 

factors, including patient age, donor age, and disease severity, among the WM-URD, MM-

URD, and HAPLO groups; both the patient and donor ages were greater in the HAPLO group 

than in the other 2 groups, and the disease severity was greater in the HAPLO group than in 

the WM-URD or MM-URD groups. Interestingly, all 3 factors that showed increases in the 

HAPLO groups have been well known to be adverse prognostic factors related to either a higher 

incidence of GVHD or poor survival outcomes.2,21-23 Therefore, we believe that the comparable 

SCT outcomes of the HAPLO group compared to those of the WM-URD or MM-URD groups 

may still be valid despite concern about potential selection bias associated with the unbalanced 

characteristics related to these 3 factors. 
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Regarding the clear advantages in terms of donor availability, the lack of the need for 

a donor search, and the decreased costs associated with HAPLOs compared to URDs,7 ongoing 

research is underway to demonstrate the effectiveness of HAPLO SCTs compared to URD 

SCTs, which have traditionally been considered the first alternative option for patients without 

MSDs. The results of recent studies have shown encouraging survival outcomes with 

acceptable levels of engraftment after HAPLO SCTs despite the small sample sizes.24-27 

Nevertheless, data comparing HAPLO and URD SCTs for acquired SAA are scarce, and it 

remains unclear whether HAPLO SCTs could fully replace URD SCTs. There has only been 1 

recent comparison report. Lu et al. observed no significant difference between HAPLO SCTs 

and WM-URD SCTs (median age of cohort: 11 years) after using uniform non–TBI-based 

conditioning regimens consisting of cyclophosphamide, fludarabine, and ATG (OS 80.3% vs. 

89.6%, FFS 76.4% vs. 89.4%, and GVHD-free failure-free survival 79% vs. 71.6%).28 In the 

current study, TBI plus cyclophosphamide for URD SCTs and TBI plus fludarabine for HAPLO 

SCTs were used as conditioning regimens for patients with a median age of 31 years. No 

optimal conditioning regimen has been established for either URD or HAPLO SCTs. Both 

URD and HAPLO SCTs produced acceptable outcomes with excellent engraftment compared 

to those in prior reports, which indicated survival rates of 49 - 85% for URD SCTs29 and 74% 

for HAPLO SCTs.2 Based upon the current data and the findings of Lu et al., we suggest that 

HAPLO SCTs should be considered a salvage option of a value equal to that of URD SCTs for 

acquired SAA patients who failed at least 1 course of IST and lack an MSD. 

Because recent results of HAPLO SCTs showed similar outcomes upon comparison 

not only to WM-URD SCTs but also to MSD SCTs for SAA,28,30 patients or clinicians might 

avoid choosing an MM-URD as an alternative donor. However, growing clinical evidence has 

indicated that 7/8-URDs produce SCT outcomes comparable to those of WM-URDs and 

significant superior impact on survival compared to 6/8-URDs in SAA.31,32 This was the first 
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report comparing the outcomes of consecutive patients undergoing HAPLO SCTs to those of 

patients undergoing MM-URD SCTs. As expected, SCTs with either WM-URDs or 7/8-URDs 

resulted in favorable impacts on survival outcomes and TRM compared to those with 6/8-

URDs in the current study. It was shown that HAPLO SCT produced superior survival 

outcomes compared to 6/8-URD SCT. We suggest that 6/8-URDs are the worst choice as 

alternative donors among WM-URDs, MM-URDs, and HAPLOs. 

This study had several limitations. The relatively small sample size and retrospective 

study design are important shortcomings. Because the patients of HAPLO group were 

transplanted more recently, the follow-up duration of HAPLO was shorter than those of the 

other groups. We were not able to compare the long-term clinical outcomes in HAPLO to those 

of other groups. In addition, another well-known alternative donor type (cord blood) was not 

included in the comparison of alternative donors.2 Thus, the most optimal alternative donor 

among URDs, HAPLOs, and cord blood has yet to be determined for SAA patients, although 

comparable transplant outcomes were identified among WM-URDs, 7/8-URDs, and HAPLOs 

in the current study. 

Despite these limitations, our data indicated that the host/donor features and urgency 

of the need for transplant should be considered by physicians when choosing the best 

alternative donor for adult patients with SAA who do not have an available MSD. However, 

the selection of 6/8-URDs is not recommended due to inferior survival outcomes. 
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Figure legends 

Figure 1. Cumulative incidences of (A) Neutrophil and (B) Platelet engraftment according to 

donor types. 

Figure 2. Transplant outcomes according to donor types. (A) Overall survival, (B) Failure-free 

survival, (C) Cumulative incidence of graft failure, and (D) Cumulative incidence of transplant-

related mortality. 

Figure 3. Cumulative incidences of acute and chronic GVHD according to donor types. (A) 

Grade II-IV acute GVHD, (B) Grade III-IV acute GVHD, (C) Mild-to-severe chronic GVHD, 

and (D) Moderate-to-severe chronic GVHD. * indicates statistical significance (p<0.05). 

Figure 4. Comparison of outcomes between 7/8-unrelated donors (URDs) and 6/8-URDs. (A) 

Overall survival, (B) Cumulative incidence of transplant-related mortality. * The 6/8-URD 

group included 2 mismatched alleles, and 1 mismatched HLA-C antigen with/without a 1 allele 

mismatch. 
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Table 1. Pretransplant patient characteristics 

Variables 
WM-URD 

(n=73) 

MM-URD 

(n=34) 

HAPLO 

(n=46) 

P 

(*<0.05) 

Patient age (years) (median, 

range) 
29 (18-59) 31 (18-54) 33.5 (18-59) 0.038* 

Donor age (years)  

(median, range) 
28 (19-42) 28 (20-46) 40 (13-66) <0.001* 

Sex    0.979 

  Male (n, %) 36 (49.3%) 17 (50.0%) 22 (47.8%)  

Severity at diagnosis    <0.001* 

Severe (n, %) 51 (69.9%) 27 (79.4%) 20 (43.4%)  

  Very severe (n, %) 22 (30.1%) 7 (20.6%) 26 (56.5%)  

Pre-SCT IST    0.324 

  ATG-cyclosporine (n, %) 34 (46.6%) 21 (61.8%) 25 (54.3%)  

  Others (n, %) 39 (53.4%) 13 (38.2%) 21 (45.7%)  

Time from diagnosis to SCT 

(months) (median, range) 
51.6 (2.1-335) 50.5 (3.2-250) 63.0 (1.6-503) 0.637 

Comorbidities (HCT-CI)    0.283 

0-2 (n, %) 56 (76.7%) 28 (82.4%) 31 (67.4%)  

≥3 (n, %) 17 (23.3%) 6 (17.6%) 15 (32.6%)  

Sex incompatibility    0.542 

 Female to male (n, %) 9 (12.3%) 2 (5.9%) 6 (13.0%)  

ABO-match    0.462 

  Identical (n, %) 30 (41.1%) 10 (29.4%) 19 (41.3%)  

  Mismatch (n, %) 43 (58.9%) 24 (70.6%) 27 (58.7%)  

HLA incompatibility    <0.001* 

  8/8 fully matched (n, %) 73 (100%) 0 (0%) 0 (0%)  

  Mismatch (n, %)     

  1 allele (n, %)  0 (0%) 18 (52.9%) 0 (0%)  

  2 alleles (n, %)  0 (0%) 1 (2.9%) 0 (0%)  

  1 antigen (n, %) 0 (0%) 10 (29.4%) 0 (0%)  

  1 antigen and 1 allele (n, %) 0 (0%) 5 (14.7%) 0 (0%)  

 ≥ 2 antigens (n, %) 0 (0%) 0 (0%) 46 (100%)  

Donor-specific HLA antibodya    - 

 Negative (n, %) - 6 (17.6%) 29 (63.0%)  

 Positive (n, %)a - 0 (0%) 11 (23.9%)  

   Weak (n, %) - 0 (0%) 6 (13.0%)  

   Weak-moderate (n, %) - 0 (0%) 2 (4.3%)  

   Moderate (n, %) - 0 (0%)) 2 (4.3%)  

   Strong (n, %) - 0 (0%) 1 (2.2%)  

 Unknown (n, %) - 28 (82.4%) 6 (13.0%)  

Transplant yearb    <0.001* 

  2002~2011 49 (67.1%) 23 (67.6%) 0  

  2012~2018 24 (32.9%) 11 (32.4%) 46 (100%)  

TBI dose     <0.001* 

  800 cGy (n, %) 59 (80.8%) 33 (97.1%) 10 (21.7%)  

  600 cGy (n, %) 14 (19.2%) 1 (2.9%) 36 (78.3%)  

ATG for conditioning    <0.001* 

  None (n, %) 41 (56.2%) 16 (47.1%) 0 (0%)  

  2.5 mg/kg (n, %) 32 (43.8%) 17 (50.0%) 0 (0%)  

  5.0 mg/kg (n, %) 0 1 (2.9%) 37 (80.4%)  

  7.5 mg/kg (n, %) 0 0 4 (8.7%)  

  10.0 mg/kg (n, %) 0 0 5 (10.9%)  

Stem cell type    <0.001* 

  BM (n, %) 34 (46.6%) 17 (50.0%) 0 (0%)  

PB (n, %) 39 (53.4%) 17 (50.0%) 46 (100%)  
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Graft cell content (median, 

range) 
    

  CD34+ cells (x106 /kg) 5.0 (0.6-11.4) 4.4 (0.9-14.4) 5.8 (1.4-17.0) <0.001* 

  CD3+ cells (x106 /kg) 144.5 (3.2-665.9) 94.3 (4.6-515.3) 411.4(117.8-870.8) <0.001* 

WM-URD, well-matched unrelated donor; MM-URD, mismatched unrelated donor; HAPLO, haploidentical related 
donor; IST, immunosuppressive treatment; SCT, stem cell transplantation; HCT-CI, hematopoietic cell 
transplantation-comorbidity index; TBI, total body irradiation; ATG, anti-thymocyte globulin; BM, bone marrow; 
PB, peripheral blood (G-CSF mobilized); 
aPositivity of donor specific HLA antibody (DSA) was classified according to degree of median fluorescence 

intensity (MFI); weak (MFI 1000-3000), weak-moderate (MFI 3000-5000), moderate (MFI 5000-10 000) and 
strong (MFI >10 000). DSA test has been performed since July 2013. We have excluded HAPLO donor 
presenting strong DSA since September 2013. 
bHAPLO SCT started since June 2012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A
C
C
E
P
T
E
D

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



 25 

Table 2. The cumulative incidence of posttransplant complications according to the donor-type 

groups 

Complications 
WM-URD (n=73) MM-URD (n=34) HAPLO (n=46) 

P 

Cumulative incidence at 3 years (95% CI) 

CMV DNAemia 41.1% (29.7-52.1) 52.9% (34.7-68.2) 45.7% (30.7-59.4) 0.337 

PTLD 1.4% (0.1-6.6) 0.0% 4.3% (0.8-13.2) 0.336 

Invasive fungal disease 9.6% (4.2-17.7) 8.8% (2.2-21.4) 10.9% (3.9-21.8) 0.94 

Secondary malignancy 5.5% (1.8-12.5) 0.0%  2.2% (0.2-10.1) 0.105 

Hemorrhagic cystitis (≥ 
grade II) 9.6% (4.2-17.7) 14.7% (5.3-28.7) 13.1% (5.2-24.6) 0.751 

Sinusoidal obstruction 
syndrome 

2.7% (0.5-8.6) 0.0% 2.2% (0.2-10.1) 0.632 

CI, confidence interval; WM-URD, well-matched unrelated donor; MM-URD, mismatched unrelated 
donor; HAPLO, haploidentical related donor; CMV, cytomegalovirus; PTLD, posttransplant 
lymphoproliferative disease 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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