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Abstract

Aims and objectives: Haploidentical transplants constitute a potential alternative therapy for patients who ur-
gently need transplantation in the absence of human leukocyte antigen-matched donors. We report a single-
center experience regarding the initial results of haploidentical peripheral blood stem cell transplantation
(haplo-PBSCT) using post-transplant cyclophosphamide (PTCy) at the HCMC Blood Transfusion Hematology (BTH)
Hospital.
Methods: We conducted a retrospective case series study of 23 patients who underwent haplo-PBSCT using PTCy
at the HCMC BTH Hospital between January 2014 and January 2021. The refined disease risk index (DRI) was
used to stratify the outcomes. We evaluated the engraftment rate, graft-versus-host disease (GVHD), and com-
plications during haploidentical transplantation. Overall survival (OS), disease-free survival (DFS), and GVHD-free
relapse-free survival (GRFS) were assessed.
Results: The majority of the patients in the present study were diagnosed with acute myeloid leukemia. All pa-
tients received reduced-intensity conditioning regimens. The engraftment rate was 86.9%. The median times to
neutrophil and platelet engraftment were 17 and 31 days, respectively. Two patients (8.7%) reported severe
acute GVHD (grade III-IV), while two patients (8.7%) had grade I-II acute GVHD. Three patients experienced lim-
ited chronic GVHD of the skin, requiring topical steroids. The most common complication was bloodstream in-
fection (60.9%). Cytomegalovirus reactivation occurred in 19 patients (82.6%) and 17.4% developed hemor-
rhagic cystitis. The 1-year relapse rate was 32.5%. The cumulative incidence of non-relapse mortality at 1 year
was 17.3%. The 1-year OS and DFS rates were 66.3% and 55.7%, respectively. The 1-year GRFS rate was 49.2%.
A high/very high DRI score was associated with worse OS after haplo-PBSCT (P=0.038).
Conclusion: Haploidentical transplant using PTCy is a feasible therapy for patients without suitably matched do-
nors in Vietnam. Infection after transplantation remains a challenge and requires effective management.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a

potentially curative treatment for a wide variety of ma-

lignant and non-malignant hematological diseases. A

human leukocyte antigen (HLA)-matched donor is the

optimal option, leading to the best outcomes. However,

HLA-matched siblings and unrelated donors are not al-

ways available, prompting various difficulties in treating

patients with hematologic disorders and aggressive ma-

lignancies that require urgent HSCT.

The earliest attempts with haploidentical HSCT had

significant problems due to high rates of graft rejection

and severe acute graft-versus-host disease (GVHD)1. To

overcome these disadvantages, experts from Johns Hop-

kins University initially evaluated the use of high-dose

post-transplant cyclophosphamide (PTCy), which was

shown to be an effective strategy with acceptable sur-

vival and low incidence of acute GVHD (aGVHD) and

chronic GVHD (cGVHD)2. The role of PTCy has been

extensively studied in recent years and has shown nu-

merous promising outcomes3. Therefore, the number of
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haploidentical HSCT procedures has increased dramati-

cally in many centers from the United States and

Europe4.

A haploidentical donor could be diversely available

among biological parents, siblings, aunts, uncles, and

nephews. Traditional extended families are predominant

in Vietnam and consist of many generations living to-

gether. Thus, it is relatively easy to find a donor for an

HLA-haploidentical transplant. In addition, finding an

unrelated donor is very challenging for many patients in

Vietnam due to the lack of donor registries and finan-

cial constraints. Therefore, transplantation with haploi-

dentical donors could be considered in developing

countries, since it is reasonably cost-effective compared

to other graft sources5.

The Blood Transfusion Hematology (BTH) Hospital

has performed haploidentical peripheral blood hema-

topoietic stem cell transplantation (haplo-PBSCT) since

2013. We conducted this study to assess the preliminary

results regarding the efficacy and complications of

haplo-PBSCT using PTCy.

Patients and Methods

Study design
The present retrospective case series study included

23 patients who underwent haplo-PBSCT at the BTH

Hospital, Hochiminh City, Vietnam between January

2014 and January 2021. HSCT was performed in both

children and adults. The patients were diagnosed with

malignant diseases such as acute myeloid leukemia

(AML), acute lymphoblastic leukemia (ALL), myelo-

dysplastic syndrome, and chronic myeloid leukemia. All

patients were routinely followed-up at the hospital. The

institutional review board of the BTH Hospital ap-

proved the protocol. In light of the retrospective medi-

cal record review, the requirement of informed consent

was waived. This study was approved on 3 May 2020

(IRB approval 443/TMHH-HĐĐĐ) to be in accordance

with the ethical standards and with the Declaration of

Helsinki.

Conditioning regimens, supportive care, and post-
transplant follow-up

Donors included HLA-haploidentical first-degree

relatives. Anti-HLA antibodies were detected by panel

reactive antibody bead-based testing using LABScan™
100 Flow analyser (Luminex Corporation, Texas, USA).

All patients received reduced-intensity conditioning

(RIC) (Supplementary Table). The present study in-

cluded three types of conditioning regimens. We devel-

oped a conditioning regimen of fludarabine and mel-

phalan based on allogeneic stem cell transplantation in

lymphoid neoplasms. Cytarabine was added to the regi-

men for cytoreduction before conditioning6. The regi-

men of fludarabine, busulfan, and cyclophosphamide

was developed based on myeloablative conditioning, as

introduced by Solomon et al.7. Reduced-dose busulfan

was modified to minimize toxicity. We combined

thiotepa with fludarabine/busulfan to penetrate the

blood-brain barrier and for antileukemic potential8.

High-dose cyclophosphamide (50 mg/kg/day) was ad-

ministered on days +3 and +4, which was followed by

oral tacrolimus (0.06 mg/kg/day) from day +5 (to reach

a concentration of 5-10 ng/mL) or intravenous cy-

closporin (3 mg/kg/day, to reach a concentration of

200-400 ng/mL)2. Calcineurin inhibitors were tapered

from day +100 and completely stopped on day +180

unless GVHD occurred. In addition, mycophenolate

mofetil (MMF) was administered at a dose of 15 mg/kg

three times a day and discontinued on day +35. Granu-

locyte colony-stimulating factor was administered from

day +5 until absolute neutrophil count (ANC) >0.5×
109/L was achieved for two consecutive days. All pa-

tients received fluconazole, acyclovir, quinolone, and

trimethoprim/sulfamethoxazole as prophylaxis for fun-

gal, viral, bacterial, and Pneumocystis jiroveci infec-

tions. Cytomegalovirus (CMV) DNA level was checked

via serum polymerase chain reaction (PCR) test once a

week until day +100. Bone marrow aspiration was per-

formed on day +30. Donor chimerism was evaluated on

days +30, +60, +90, +180, and +365.

Endpoints and definitions
The primary endpoints were overall survival (OS),

disease-free survival (DFS), and GVHD-free relapse-

free survival (GRFS). The secondary endpoints were

neutrophil engraftment, platelet recovery, aGVHD,

cGVHD, non-relapse mortality (NRM), relapse rate

(RR), and significant complications after transplantation

such as bacterial infections, CMV reactivation, and

hemorrhagic cystitis. Neutrophil recovery time was de-

fined as the time to first of the three consecutive days

with an ANC ≥0.5×109/L. Platelet recovery time was

defined as the time to first of the seven consecutive

days with platelet count ≥20×109/L without platelet

transfusion. We graded aGVHD according to the

IBMTR Severity Index9 and cGVHD was graded ac-

cording to the Revised Seattle Criteria10. OS was calcu-

lated until the date of death from any cause or the last

follow-up visit. DFS was defined as the date of first re-

lapse, death from any cause, or the last follow-up visit.

GRFS was defined as the absence of grade III-IV

aGVHD, cGVHD requiring systemic immunosuppres-

sive treatment, disease relapse, or death from any cause

during the first 12 and 24 months after haploidentical

HSCT.
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Table　1.　Patient characteristics

Characteristics Patients (n=23)
Median age (range) 40 (2-53)
Sex (male:female) 14:9
Diagnosis, n (%)
　AML
　CML
　ALL
　MDS

14 (60.9)
 2 (8.7)
 6 (26.1)
 1 (4.3)

HCT-CI score, n (%)
　侑 1
　2

22 (95.7)
 1 (4.3)

DRI score, n (%)
Low ‒ Intermediate
High ‒ Very high

17 (73.9)
 6 (26.1)

Type of donors, n (%)
Sibling
Father
Mother
Son
Daughter

12 (52.2)
 4 (17.4)
 1 (4.3)
 5 (21.8)
 1 (4.3)

Donor ‒ recipient sex mismatch, n (%) 10 (43.4)
Blood group incompatibility, n (%)
Major incompatibility
Minor incompatibility
Bidirectional incompatibility
Same blood group

 1 (4.3)
 5 (21.8)
 1 (4.3)
16 (69.6)

HLA matches, n (%)
5/10
6/10
7/10
8/10

14 (60.9)
 6 (26.1)
 2 (8.7)
 1 (4.3)

Anti-HLA testing, n (%)
Positive DSA
Negative DSA

 1 (4.3)
19 (82.6)

Median CD34+ (×106/kg) (range) 7.17 (5.7-8.11)
Conditioning regimen, n (%)
Flu/Bu/low dose Cy
Flu/Bu/Thiotepa
Flu/Mel±Ara-C

16 (69.6)
 5 (21.7)
 2 (8.7)

Calcineurin inhibitors, n (%)
Tacrolimus
Cyclosporin

22 (95.7)
 1 (4.3)

Data are displayed in n (%) for categorical variables and 
median (range) for continuous variables with non-normal 
distribution. ALL, acute lymphoblastic leukemia; AML, 
acute myeloid leukemia; Ara-C, arabinosylcytosine; Bu, bu-
sulfan; CML, chronic myeloid leukemia; Cy, cyclophospha-
mide; DSA, donor-specific anti-HLA antibodies; Flu, fludar-
abine; HCT-CI, hematopoietic cell transplantation-specific 
comorbidity index; HLA, human leukocyte antigen; MDS, 
myelodysplastic syndrome; Mel, melphalan.

Statistical analysis
OS and DFS were estimated using the Kaplan-Meier

method. Univariate analyses were performed using log-

rank tests. Cumulative incidences of RR, NRM, engraft-

ment, bacterial infections, GVHD, and CMV reactiva-

tion were estimated with competing-risk analysis using

Gray’s method. RR and NRM were considered mutu-

ally competing events. Death was treated as a compet-

ing event of engraftment and bacterial infections. Re-

lapse or death without relapse or graft failure was con-

sidered as competing events of GVHD and CMV reac-

tivation. The refined disease risk index (DRI) was used

to stratify the outcomes11. Classification of patients

based on disease risk status according to the DRI re-

sulted in low-intermediate and high-very high groups.

Statistical significance was set at p<0.05. Statistical

analysis was performed using SPSS version 13 (SPSS

Inc., Chicago, IL, USA).

Results

Patients and transplantation characteristics
The baseline characteristics of the patients are sum-

marized in Table 1. The median age at transplant was

40 years (range: 2-53 years). Most of the patients were

men (60%). The majority of the patients were diag-

nosed with AML. Twenty-two patients were in remis-

sion and had no history of HSCT before haploidentical

transplantation. One patient diagnosed with ALL was

refractory to chemotherapy before transplantation and

underwent fludarabine, melphalan, and cytarabine con-

ditioning regimen. The low-intermediate group based on

DRI comprised of more than 70% of the patients. Addi-

tionally, all donors and patients were positive for CMV

IgG antibody and negative for CMV IgM antibody.

Among twenty patients testing for anti-HLA, one devel-

oped donor-specific anti-HLA antibodies. We used oral

tacrolimus for most of the patients and intravenous cy-

closporine in a 2-year-old girl who could not tolerate

oral medication (Table 1).

Engraftment
Three patients died before engraftment due to septic

shock. The engraftment rate was 86.9% (95% confi-

dence interval [CI]: 64.8-95.6%), as confirmed by do-

nor chimerism at day +30 after transplantation (Figure
1). The median times to neutrophil and platelet engraft-

ment were 17 days (range: 14-23 days) and 31 days

(range: 17-93 days), respectively. There were no records

of primary graft failure or mixed chimerism. The pa-

tient who had a positive DSA donor was engrafted with

complete donor chimerism.

Complications
The estimated cumulative incidences of grade I-IV

aGVHD and grade III-IV aGVHD on day +100 were

17.4% (95% CI: 5.4-35%) and 8.7% (95% CI: 1.5-

24.2%), respectively (Figure 2A). Two patients devel-

oped severe aGVHD of the skin, gastrointestinal tract,

and liver. Systemic corticosteroid (prednisolone 1 mg/

kg per day) was initiated in these patients. Steroid

doses were tapered for 21 days after resolution of the

manifestations of aGVHD. Only three patients devel-



78 Blood Cell Therapy-The official journal of APBMT- Vol. 4 Issue 4 No. 1 2021

Figure 1. Cumulative incidences of neutrophil engraftment
Death is the competing event of neutrophil engraftment.

Figure 2. Cumulative incidences of (A) acute graft-versus-host disease and (B) chronic graft-versus-host disease

Table　2.　Causes of death

Cause of death Patients (n=23)
Relapse, n (%) 3 (13%)
Non-relapse, n (%)
Septic shock
Intracranial hemorrhage

3 (13%)
1 (4.3%)

oped limited cGVHD of the skin among the 19 patients

who survived for more than 100 days after transplanta-

tion, accounting for 15.8% (95% CI: 3.9-34.9%) (Fig-
ure 2B). These patients appeared to respond to topical

steroids for treating the symptoms of cGVHD.

Febrile neutropenia was observed in all enrolled pa-

tients. Bacterial bloodstream infection was documented

at 60.9% (95% CI: 38.3-77.4%). Gram-negative bacte-

rial isolates including Pseudomonas aeruginosa, Es-
cherichia coli, and Klebsiella pneumonia were identi-

fied in most of the samples.

In our study, the cumulative incidence of CMV reac-

tivation by day +100 after haplo-PBSCT was 82.6%

(95% CI: 60.1-93.1%). The median time from trans-

plant to reactivation was 26 days (range: 11-44 days).

Patients with CMV reactivation underwent pre-emptive

therapy with foscavir or ganciclovir. One patient exhib-

ited secondary graft failure due to uncontrolled reactiva-

tion and ganciclovir toxicity. Four patients (17.4%) de-

veloped grade II-III hemorrhagic cystitis and received

hyperhydration, platelet transfusion, and hyperbaric

oxygen therapy.

Altogether, seven patients died of both relapse and

non-relapse-related causes (Table 2). The estimated cu-

mulative incidence of 1-year NRM was 17.3% (95%

confidence interval [CI]: 1.9-32.5%) (Figure 3A).

Multidrug-resistant Pseudomonas aeruginosa infection

was the primary cause of death in three patients. One

patient died of intracranial hemorrhage following re-

fractory thrombocytopenia. The 1-year RR was 32.5%

(95% CI: 8.1-56.8%) (Figure 3A). No statistically sig-

nificant difference was observed in NRM and RR be-

tween the low-intermediate and the high-very high DRI

groups.

Survival
The median follow-up for survivors was 12.27

months (range: 5.26-57.26 months). The 1-year OS and

DFS rates were 66.3% (95% CI: 45.3-87.3%) and

55.7% (95% CI: 32.9-78.4%), respectively (Figure 3B).

Sixteen patients were alive at the last follow-up visit.

The 1-year GRFS rate was 49.2% (95% CI: 27.4-

70.9%) (Figure 3B). The 1-year OS in low-intermediate

DRI group tended to be better than that in the high-risk

group (78.4% vs. 33.3%, P=0.038) (Figure 4A and 4
B). However, no significant difference was observed in

the 1-year DFS.
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Figure 3. (A) Non-relapse mortality and relapse rate after haplo-PBSCT. (B) Overall survival, disease-free survival, 
and GVHD-free relapse-free survival after haplo-PBSCT
DFS, disease-free survival; NRM, non-relapse mortality; OS, overall survival.

Figure 4. (A) 1-year overall survival by DRI group. (B) 1-year disease-free survival by DRI group

Discussion

The present study has reported our initial experience

on haploidentical transplantation with high-dose cyclo-

phosphamide for GVHD prophylaxis. Our results

showed that haplo-PBSCT using PTCy resulted in a

high rate of engraftment (86.9%). Several studies based

on haplo-PBSCT with PTCy using peripheral blood

stem cells have been conducted worldwide12-14. These re-

ports exhibited good donor cell engraftment rate (87%

to 100%). The neutrophil recovery time in our patients

was similar to that reported in previously published re-

ports (17 to 20 days). Raj et al. performed a multicenter

study on haplo-PBSCT with PTCy using peripheral

blood stem cells in 55 high-risk patients14. The results

showed that neutrophil and platelet recovery times were

17 and 21 days, respectively. In our study, the median

platelet recovery time was relatively longer (31 days).

It appears that management of GVHD complications

in both bone marrow and peripheral blood graft sources

benefited from post-transplant high-dose cyclophos-

phamide14-18. In our study, two patients developed severe

aGVHD involving the skin, gut, and liver. All patients

responded to steroids at a dose of 1 mg/kg. The low in-

cidence of severe aGVHD in PTCy-based transplanta-

tion might be due to selective elimination and clonal

deletion of alloreactive T cells19. The cumulative inci-

dence of limited cGVHD at 1 year was 15.8%. Notably,

extensive cGVHD was not observed. The rate of

cGVHD observed in several published studies was also

significantly lower in haploidentical transplantation us-

ing PTCy when compared with matched related donor

(MRD) and matched unrelated donor (MUD) transplan-

tations18, 20, 21. Therefore, the advantage of PTCy com-

bined with MMF and calcineurin inhibitor in haploiden-

tical HSCT for the prophylaxis of acute and chronic

GVHD was notable, which in turn improved the quality

of life of patients after transplantation.

The 1-year OS and DFS rates in our study were en-

couraging. Other studies on haplo-PBSCT have also

demonstrated similar OS and DFS rates12-14, 17. In 2013,



80 Blood Cell Therapy-The official journal of APBMT- Vol. 4 Issue 4 No. 1 2021

Bashley et al. performed a study comparing haploiden-

tical HSCT using PTCy (n=116) with MRD (n=181)

and MUD (n=178) transplantation. The 2-year OS in

haploidentical HSCT with PTCy was 64% and the 2-

year OS rates in matched MRD and MUD transplanta-

tions were 76% and 67%, respectively with no statisti-

cally significant difference22. These results suggest that

haplo-PBSCT with PTCy might be an effective alterna-

tive option in patients in the absence of fully HLA-

matched donors. Recent studies have proposed a novel

composite endpoint of GRFS to evaluate clinical out-

comes, since OS alone cannot fully reflect the long-

lasting complications after transplantation23, 24. In 2020,

Mehta et al. reported that haploidentical transplantation

offered superior GRFS among patients using RIC when

compared with cord blood and bone marrow stem cell

transplantation25. Hence, combining GRFS and OS in

future studies could provide more information to ana-

lyze the efficacy of haploidentical transplantation in Vi-

etnam.

With a median follow-up of 12.27 months, the esti-

mated cumulative incidence of NRM at 1-year was

17.3% in our study. Most of the non-relapse-related

deaths are associated with severe bacterial infections.

Bashley et al. showed that the NRM of haplo-PBSCT

using PTCy was significantly lower than that of MRD/

MUD-HSCT (P=0.02)22. Besides, other studies have

also indicated no difference in the 1-year NRM be-

tween haplo-PBSCT using PTCy (with both myeloabla-

tive conditioning [MAC] and RIC) and MRD/MUD-

HSCT18, 19, 21, 26. Hence, these findings suggest the effec-

tiveness of haploidentical HSCT with PTCy on non-

relapse mortality in both MAC and RIC conditioning

regimens.

Despite acceptable NRM, bacterial infection has been

a significant source of morbidity and mortality in hap-

loidentical transplantation in Vietnam. Most of the iso-

lated bacteria were gram-negative bacilli. In a retrospec-

tive cohort study on haplo-PBSCT using PTCy, Slade

et al. reported a comparable number of patients who

experienced bacterial infections (62%). In the aforemen-

tioned study, organisms causing bacterial bloodstream

infections included Enterococcus species, Pseudomonas
aeruginosa, and other gram-negative bacilli27. In 2015,

Yan et al. conducted a study in China to analyze the

causes of mortality after haploidentical hematopoietic

stem cell transplantation28. The results indicated that in-

fection was the leading cause of death in transplanta-

tion. The mortality due to infection in haploidentical

HSCT was significantly higher than that in fully

matched HLA transplant, with rates of 21.2% and

13.4%, respectively (P=0.002). Therefore, practical

strategies to optimize antibiotic utility based on specific

local pathogens are important during haploidentical

transplantation, especially in limited-resource countries.

Although prevalence of CMV-exposed population in

Vietnam has not been published, all the donors and pa-

tients in our study were positive for CMV IgG. Thus,

the patients were considered at high risk of reactivation,

which explains the high incidence of CMV reactivation

(82.6%) in quantitative PCR29. Although letermovir has

proven its effectiveness in preventing CMV infection in

CMV-seropositive patients undergoing haploidentical

HSCT using PTCy, it is not yet available in Vietnam30.

Our previously published data suggested that 76.9% of

the patients who underwent HLA-matched allogeneic

stem cell transplantation also exhibited CMV reactiva-

tion31. Many investigations on haploidentical transplants

have reported a broad range of incidence of CMV reac-

tivation (26% to 55%)2, 12, 27, 32-34. A possible explanation

for this variation might be the lack of consensus regard-

ing the threshold of CMV DNA to define a positive

status. Slow immune reconstitution in haploidentical

HSCT using PTCy might result in higher rates of viral

and bacterial infections when compared with fully

matched HSCT12. Recent studies have suggested that

CMV reactivation is associated with protection from

leukemic relapse, especially in AML35-38. However, gan-

ciclovir treatment is also a concern in haploidentical

transplantation. In our study, both ganciclovir toxicity

and uncontrolled CMV reactivation were responsible for

secondary graft failure in one patient. A study by Aka-

hoshi et al. involving 184 HSCT patients who achieved

platelet recovery also demonstrated that the use of gan-

ciclovir or valganciclovir increased the risk of secon-

dary thrombocytopenia after transplantation. Recent

studies and ongoing clinical trials for immunotherapy

targeting specific cytotoxic T cells have contributed to

further advances in the management of refractory CMV

reactivation39-41.

According to a study by Baskett et al., the incidence

of BK virus hemorrhagic cystitis in the haploidentical

HSCT-PTCy platform was 19%42. However, one of the

limitations of our study was the inability to analyze

urine BK samples. The incidence of hemorrhagic cysti-

tis was 17.4%. These patients also had CMV reactiva-

tion. In studies on haploidentical transplantation, the in-

cidence of hemorrhagic cystitis has been quite diverse,

ranging from 7% to 40%12, 27, 32-34. Acrolein, a metabolite

of cyclophosphamide, is also one of the causes of hem-

orrhagic cystitis. In 2015, a study also showed that cy-

clophosphamide and reactivation of CMV in haploiden-

tical transplant were risk factors for increased rates of

hemorrhagic cystitis (P=0.05)43. Therefore, monitoring

BK viral load and immune recovery should be consid-

ered in this complication of haploidentical HSCT using

PTCy.

The DRI is a validated tool used to categorize the
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risk of impacting survival based on the disease and pre-

transplant conditions. Armand et al. demonstrated a sta-

tistically significant difference in survival between the

groups (P<0.0001)11. After analyzing the correlation be-

tween DRI and OS in our study, the group of patients

with high to very high DRI had significantly lower 1-

year OS than those with low-intermediate DRI. Simi-

larly, McCurdy et al. demonstrated that OS and

progression-free survival of the high-very high DRI

group were notably lower than those of the low-

intermediate group18. These findings demonstrate the ef-

fectiveness of DRI in pre-transplant risk assessment to

predict transplantation outcomes. Moreover, it might as-

sist in proposing a strategy to improve haploidentical

transplant results with a novel maintenance therapy. A

recent study by Sugita et al. also reported a relapse rate

of 0%17. The authors suggested that haploidentical

HSCT using PTCy after RIC might show promising re-

sults in reducing the relapse rate in the low-

intermediate DRI group, providing thoroughly positive

benefits.

In conclusion, haplo-PBSCT with PTCy provided the

benefit of reducing the time to find suitable donors in

patients who need early disease control. Moreover, the

initially analyzed 1-year OS and DFS rates were prom-

ising. The present study also indicated that complica-

tions such as infection after haploidentical HSCT are

challenging and need to be managed carefully. Al-

though this is the first report of haploidentical HSCT in

Vietnam, our study examined only a small group of pa-

tients. Further research should be conducted in the fu-

ture to determine the long-term benefits in the Vietnam-

ese population.
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