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Background: Until now, allogeneic hematopoietic stem cell transplantation (allo-HSCT) is the only
effective method to cure Thalassemia major. However, it has not been determined whether similar results
can be obtained with the same conditioning regimen for both fully-matched and mismatched donors grafts.
We hypothesized that using modified NF-08-TM conditioning regimen could achieve similar results for
both fully and mismatched donors grafts.

Methods: This retrospective cohort study included patients with B-thalassemia major who underwent
HSCT with modified NF-08-TM conditioning regimen at Guangzhou Women and Children’s Medical
Centre between January 2013 and January 2019.

Results: Among the 257 patients (172 males) included in this study, 3 had two transplantations. Totally
193 and 67 had fully-matched and mismatched donors were examined, respectively. The median follow-up
was 29 months; 6-year overall survival (OS), thalassemia-free survival (TFS), graft rejection (GR) and
transplantation-related mortality (TRM) were 92.08%, 90.89%, 1.24% and 8.01%, respectively. Multivariate
analysis showed that human leukocyte antigen (HLA) compatibility between patient and donor was
not independently associated with OS, TFS, GR or TRM. Mismatched donor graft transplantation for
B-thalassemia major is associated with similar survival outcomes and incidences of complications (except for
acute GVHD) to fully-matched donor graft transplantation based on modified NF-08-TM conditioning
regimen.

Conclusions: In conclusion, based on the modified NF-08-TM regimen, certain mismatched donor
transplantations for thalassemia major patients could achieve similar results as fully-matched donor

transplantations.
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Introduction

B-thalassemia is a genetic disorder characterized by
impaired or absent synthesis of the p-globin chains of
hemoglobin (1). p-thalassemia major is associated with the
most severe clinical manifestations, including severe anemia

and hepatosplenomegaly. Current clinical management
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of B-thalassemia major includes regular transfusion and
iron chelation (2). Although research into gene therapy
is ongoing, the only current curative treatment for
B-thalassemia is allo-HSCT (2,3).

The majority of patients treated with allo-HSCT show
a good response to treatment, and recent advancements
in transplantation technology have improved the OS and
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TFS rates to around 90% and 80%, respectively (4,5). Most
transplants use HLA fully-matched sibling donors, but
limitations in the number of matched related donors has led
to the use of mismatched related donors, matched unrelated
donors and mismatched unrelated donors (6). Although
research has indicated that good results can be achieved with
mismatched donors, the outcomes tend to be worse than
those obtained with matched donors for both B-thalassemia
(7-9) and other diseases (10,11). Besides, based on the same
conditioning regimen, whether the HSCT of mismatched
donors can achieve similar effects as that of fully-matched
donors for p-thalassemia major remains unclear.

A recent study of 82 patients with B-thalassemia in China
reported that 3-year OS and TFS rates of up to 90% and
85%, respectively, could be achieved using the novel NF-
08-TM conditioning regimen (12). However, the above
study included 73.2% fully-matched donors, 25.6% 7/8
matched donors, 1.2% 6/8 matched donors and patients
considered to be at low-to-middle risk (12). Furthermore,
thiotepa is not approved for application in our hospital
because of a policy prohibiting the use of self-purchased
drugs by patients, necessitating further clinical research into
alternative conditioning regimens. Meanwhile, considering
that the major causes of transplantation failure of HLA
mismatched donors include severe GVHD and treatment-
related death, we speculated a regimen adjusting the ATG
dose based on different HLA allele mismatched and a total
cyclophosphamide dose of 120 mg/kg could reduce the
rate of GVHD and treatment related death, facilitating
engraftment. Therefore, we hypothesized that a modified
NF-08-TM regimen could achieve similar outcomes as
the NF-08-TM regimen in patients with B-thalassemia
undergoing HSCT. The aim of this study was to evaluate
survival outcomes and complications in patients with
B-thalassemia administered HSCT with matched or
mismatched donor grafts using the modified NF-08-TM
protocol.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tp-20-415).

Methods
Patients

This retrospective cohort study included patients with
B-thalassemia major who underwent allo-HSCT between
January 2013 and January 2019 at the Department of
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Hematologic Oncology, Guangzhou Women and Children’s
Medical Centre. Inclusion criteria were: (I) age <18 years;
(I) routine hematology demonstrating severe anemia; (III)
p-thalassemia major diagnosed based on blood transfusion-
dependence before the age of 2 years, hemoglobin levels
<70 g/L before transfusion and genetic testing (13); (IV)
peripheral blood stem transplantation using the modified
NF-08-TM regimen; (V) HLA fully-matched or 1 to 2
locus-mismatched donor (14), 3 or more locus mismatched
relative donor. Exclusion criteria were: (I) hepatitis; (II)
abnormal liver or renal function before HSCT; (III) severe
bacterial, fungal or viral infection before HSCT. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). It was approved by the ethics
committee of Guangzhou Women and Children’s Medical
Center (No. 2013092569), and individual consent for this
retrospective analysis was waived.

Determination of risk class

Pesaro risk class is difficult to apply in China because most
patients refuse liver biopsy owing to Chinese traditional
concepts. NF-08-TM risk class was defined according to
the criteria described by Li ez /. (12), which are suitable
for Chinese individuals. Class I included patients who were
<4 years old with a liver edge extending <2.5 cm below the
costal margin and serum ferritin levels <3,000 mg/dL. Class
IIT included patients who were >8 years old with a liver edge
extending >4 cm below the costal margin and serum ferritin
levels >5,000 mg/dL. Patients who did not meet criteria for
class I or I were categorized as class IIL

Stem cell collection and processing

Peripheral blood stem cell mobilization was performed by
administration of granulocyte colony stimulating factors
(G-CSF) for 4 days at 10 mcg/kg/day, and the collection
occurred on the 5th day with a peripheral blood stem cell
apheresis unit. Blood counts were obtained daily to assess
total peripheral blood WBC count. Peripheral blood smear
and CD34 level assessment were performed prior to the
harvest. Either of the central veins were cannulated for
vascular access with a single lumen catheter of appropriate
size, according to patient age, and used as the access line.
Stem cell harvest was performed with a continuous flow
blood cell separator (COBE® Spectra ™ PBSC™). The
PSBC apheresis kit (COBE® Spectra Apheresis) was loaded
onto the apheresis machine. The weight, height, hematocrit
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Table 1 Precondition regimens

Huang et al. HSCT using matched and mismatched donors

Regimen Day NF-08-TM Day Modified NF-08-TM
Class | Class I Class Il
Cy (mg/kg/d) -10to -9 60 55 50 -10to -9 60
Bu (mg/kg/d) -8to-6 12y 44 <6y 36 <8y 3 -8to-5 <9kg 9-16kg 16-23kg 23-34kg >34kg
>2y 4 6y 32 >8y 32 4 4.8 4.4 3.8 3.2

TT (mg/kg/d -5 5 None

Flu (mg/m?/d) -8to -4 40 -8to -4 40

Total ATG (mg/kg) -3 to -2 75 3to-2 MFD MUD 1-2HLA 3-4HLA

Allele-mismatched
donor
7.5 8.5 9 10

and gender of the donor were entered into the PBSC Table 1.
system. The collection rate calculated by the machine
and hematopoietic progenitor cells were collected in the Prophylaxis for GVHD

collection bag. Total cell count in the harvested product was
estimated on an automated cell counter. Manually, MNC%
was estimated (proportion of uni-nucleated cells including
lymphocytes and monocytes) and used to derive MNC cell
dose. Donors were given oral calcium as prophylaxis prior
to the harvest procedure.

Conditioning regimen

Since thiotepa is unavailable in our hospital, the original
NF-08-TM myeloablative conditioning regimen (12) was
modified to replace thiotepa on day -5 (i.e., 5 days before
HSCT) with busulfan. The modified NF-08-TM regimen
consisted of cyclophosphamide at 60 mg/kg/day on days
-10 and -9; fludarabine at 40 mg/m°/day on days -8 to
-4; busulfan on days -8 to -5 (3.2 mg/kg/d for patients
weighing >34 kg, 3.8 mg/kg/d for those weighing 23-34 kg,
4.4 mg/kg/d for those weighing 16-23 kg, 4.8 mg/kg/d
for those weighing 9-16 kg, and 4.0 mg/kg/d for those
weighing <9 kg) (15-17); and rabbit anti-human thymocyte
immunoglobulin (ATG, Genzyme Polyclonals SAS) days
-4 and -2 (total dosages of 7.5 mg/kg for matched family
donor grafts, 8.5 mg/kg for matched unrelated donor grafts,
9 mg/kg for one or two HLA allele-mismatched grafts, and
10 mg/kg for three or four HLA allele-mismatched grafts)
(18-20). All patients received azathioprine at 3 mg/kg/d and
hydroxyurea at 30 mg/kg/d on days -45 to -11, as shown in
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GVHD prophylaxis consisted of cyclosporine A (CSA)
mycophenolate mofetil (MMF) and methotrexate (MTX) in
all patients (12). CSA was intravenously injected from -10 to
-2 days at a dose of 1.5 mg/kg.d., and changed to 3 mg/kg.d
from -1 to +25 days. Finally, it was orally administered
to maintain the blood concentration at 200+50 ng/mL.
The dose of CSA was tapered from day 180. MMF was
administered sequentially from day +1 to day +30 at a
dose of 15 mg/kg.d in case of no more than grade 2 acute
GVHD. Short-term MTX was administered intravenously
on +1, +3, and +6 days after transplantation, at 15 mg/m°’,
10 mg/m’, and 10 mg/m’ respectively.

Supportive care and prophylaxis against complications

Alprostadil and limitation of fluid intake (50 mL/kg.d) were
used for the prophylaxis of hepatic veno-occlusive disease
(VOD). Immunoglobulin was administered at 500 mg/kg
weekly until myeloid engraftment after the transplantation.
Ganciclovir at a dose of 10 mg/kg.d was given when the
conditioning regimen was started until 2 days before stem
cell transfusion, and then changed to acyclovir at a dose of
30 mg/kg.d as prophylaxis against viruses until 3 months
after transplantation. No standard prophylactic broad-
spectrum bacterial antibiotic was administered to patients
with neutropenia. The prophylaxis of fungal infections
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with orally administered fluconazole at a dose of 5 mg/kg.d
started when the conditioning regimen was started, and
continued until engraftment. The thresholds of RBC
and platelet transfusions were hemoglobin <10 g/dL and
platelets <20x10°/L, respectively. All blood products except
the allograft were filtered before transfusion.

Follow-up and endpoints

The follow-up period ended in February 2020. The
median follow-up was 29 months. Donor chimerism
levels were analyzed by a polymerase chain reaction-based
analysis of short tandem repeats in donors of identical sex
or fluorescence in situ hybridization of a Y chromosome
marker in sex-mismatched donors. Complete chimerism
was defined as the detection of more than 95% donor-
derived cells in peripheral blood samples. Mixed chimerism
was defined as a level of donor-derived cells between 10%
and 95%, which was confirmed by testing peripheral
blood samples simultaneously or performing at least two
consecutive analyses within one week. Graft rejection
was defined as <10% of donor-derived cells. Chimerism
monitoring was initiated upon confirmation of neutrophil
and platelet engraftment. Neutrophil engraftment was
defined as a neutrophil count >0.5x10°/L for three
consecutive days; platelet engraftment was defined as a
platelet count >20x10°/L at least 7 days after the most recent
platelet transfusion. Acute GVHD (aGVHD) was defined as
GVHD occurring within 100 days after transplantation, and
the classification referred to the 1994 diagnosis consensus
(divided into grades I to IV) (21). Chronic GVHD
(cGVHD) was defined as GVHD occurring more than 100
days after transplantation, mainly based on the 2003 revised
version of Seattle’s diagnosis and classification criteria (22).
OS was defined as the time from HSCT to death or the
last follow-up. TFS was defined as the time from HSCT to
recurrent transfusion-dependent thalassemia, death or the
last follow-up. GR was defined as recurrent thalassemia and
chimerism studies showing no donor cells or a return to a
blood transfusion-dependent status after transplantation.
TRM was defined as death related to transplantation but
not to recurrence of thalassemia.

Statistical analysis

SPSS 20.0 ABM Corp, Armonk, NY, USA) was used for
data analysis. Categorical variables were presented as count
and percentage. Continuous variables were presented as
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median and range. Continuous variables were compared
between groups by the #-test or the Mann-Whitney U test.
Categorical variables were compared between groups by the
Pearson’s chi-squared or Fisher’s exact test. OS, TFS, GR
and TRM were determined by the Kaplan-Meier product-
limit method, and the impact of a given variable was assessed
by the log-rank test. A multivariable Cox proportional
hazards regression model was used to determine the effects
of factors that were statistically significant in univariate
analysis, as well as other factors considered clinically
important. Multivariate Cox regression analysis determining
hazard ratios (HRs) and 95% confidence intervals (Cls) was
performed to identify factors independently associated with
OS, TFS, GR and TRM. Two-sided P<0.05 was considered
statistically significant.

Results
Clinical characteristics of the study participants

The study included a total of 257 patients (172 males,
66.9%) with median age of 6 [4-8] years. Totally 3 patients
had two transplantations for graft failure. No patient was
lost to follow-up. Of all 260 transplantations, NF-08-TM
risk class was I in 23 patients (8.8%), Il in 212 (81.5%) and
III in 25 (9.6%). Before transplantation, the lower border
of the spleen was palpable <1 cm below the costal margin
in 85 cases (32.7%), 1-3 cm in 77 (29.6%) and >3 cm in 78
(30.0%); 20 cases (7.7%) had undergone prior splenectomy.
Among the 260 cases with available data, left ventricular
ejection fraction (LVEF) before transplantation was <60%
in 28 cases (10.8%) and >60% in 232 (89.2%).

Donor and stem cell source

There were 145 male and 115 female donors. Among the
260 study transplantations, 193 patients had fully-matched
donors (including 105 family and 88 unrelated donors)
and 67 had mismatched donors (including 28 family and
39 unrelated donors).

Among the 193 patients with fully-matched donors,
only 1 had 6/6 sibling donor with allelic matched occurring
at the HLA-A, HLA-B and HLA-DRBI locus owing to
the detection technology at the time; 10 patients had 8/8
matched donors from Tzu Chi’s Taiwan bone marrow bank
with allelic matched occurring at the HLA-A, HLA-B,
HLA-C and HLA-DRBI locus. The remaining patients had
10/10 matched donors with allelic matched occurring at the
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Table 2 Baseline clinical characteristics of the 260 study transplantations

Huang et al. HSCT using matched and mismatched donors

Characteristic Fully-matched donor group (n=193) Mismatched donor group (n=67) P
Age (years) 5 [4-8] 6 [4-8] 0.579
Male (n, %) 130 (67.36%) 34 (64.18%) 0.635
Ferritin level (ng/mL) 3,412 (2,306-4,845) 3,246 (2,348-4,606) 0.630
Liver span below right costal margin (cm) 3(2.0-3.5) 3 (2.5-4) 0.594
Left ventricular ejection fraction (%) 65.85 + 4.17 66.22 + 4.80 0.544
Spleen span below left costal margin (cm) 2 (1.5-3) 2 (1-3.5) 0.289
Mononuclear cells infused during transplantation 8.06 (8.00-8.49) 8.00 (8.00-8.42) 0.101
(x10%kg body weight of the recipient)
CD34 cells infused during transplantation 5.76 (4.07-7.64) 6.36 (4.73-9.00) 0.072
(x10% kg body weight of the recipient)
Related donor (n, %) 105 (54.40%) 28 (41.79%) 0.075
Risk class 0.500

Class | 17 (8.7%) 6 (9.2%)

Class Il 155 (81.0%) 57 (84.6%)

Class Il 21 (10.3%) 4 (6.2%)

HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQBI
locus.

Among the 67 patients with mismatched donors,
45 received one HLA-allele mismatched graft (allelic
mismatches occurred at the HLA-A locus in 17 donor-
recipient pairs, at the HLA-B locus in 2, at the HLA-C
locus in 7, at the HLA-DRBI locus in 11, and at the HLA-
DQBI locus in 8). Totally 22 patients received two or
more HLA-allele mismatched grafts, including 19 patients
who received two HLA-allele mismatched grafts (allelic
mismatches occurred at the HLA-DRB1 and HLA-DQB1
locus in 12 donor-recipient pairs, at the HLA-A and
HLA-DQBI locus in 2, at the HLA-C and HLA-DQB1
locus in 2, at the HLA-A and HLA-C locus in 1, at the
HLA-A and HLA-DRBI1 locus in 1, and at the HLA-B and
HLA-C locus in 1), 2 patients who received three HLA-
allele mismatched grafts (allelic mismatches occurred at
the HLA-A, HLA-DRB1 and HLA-DQBI1 locus in 1
donor-recipient pair from the father and at the HLA-A,
HLA-B and HLA-C locus in 1 donor-recipient pair from
the mother) and 1 patient who received four HLA-allele
mismatched graft with HLA-B, HLA-C, HLA-DRBI and
HLA-DQBI locus mismatched from the father.

There were no significant differences in age, sex,
ferritin levels, liver size, spleen size, LVEE, amounts of
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mononuclear cells or CD34 cells, infusion, relationship,
class risk between patients with fully-matched donors and
those with mismatched donors (Table 2).

Engraftment

Three patients underwent twice transplantations owing
to graft failure and achieved both neutrophil and platelet
engraftment at the second transplantation; the remaining
patients successfully achieved both neutrophil and platelet
engraftment. The median times to neutrophil and platelet
engraftment were 11 [11-12] days and 12 [10-13] days,
respectively. There were no significant differences between
the fully-matched and mismatched donor groups in time
to neutrophil or platelet engraftment (7able 3). Notably,
subgroup analysis of patients in the mismatched donor
group demonstrated that times to neutrophil and platelet
engraftment were not significantly different in individuals
with one and >1 HLA-allele mismatched donors (Tible 4).

Survival

Among the 257 study participants, 237 (92.2%) were
still alive at the end of the follow-up, and 236 (91.8%)
were thalassemia-free. Three patients (1.2%) developed

Transl Pediatr 2021;10(6):1552-1565 | http://dx.doi.org/10.21037/tp-20-415



Translational Pediatrics, Vol 10, No 6 June 2021

Table 3 Complications in the fully-matched and mismatched donor groups.
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Endpoint Fully-matched donor group (n=193) Mismatched donor group (n=67) P
Time to neutrophil engraftment (days) 11 (11.00-12.00) 12 (11.00-12.00) 0.623
Time to platelet engraftment (days) 12 (10.00-13.00) 12 (11.00-12.00) 0.448
Complications, n (%)
aGVHD 48 (24.87%) 33 (49.25%) 0.0002
cGVHD 17 (8.81%) 10 (14.93%) 0.157
PRES 13 (6.74%) 8 (11.94%) 0.178
HC 46 (23.83%) 20 (29.85%) 0.330
AIHA 37 (19.17%) 17 (25.37%) 0.281
BO 8 (4.15%) 6 (8.96%) 0.133
PTLD 1(0.52%) 1(1.49%) 0.450
CMV infection 50 (25.91%) 21 (31.34%) 0.390
EBV infection 30 (15.54%) 15 (22.39%) 0.202
VOD 4 (2.07%) 2 (2.99%) 0.650

GVHD, graft versus host disease; PRES, posterior reversible encephalopathy syndrome; HC, hemorrhagic cystitis; AIHA, autoimmune
hemolytic anemia; BO, bronchiolitis obliterans; PTLD, posttransplant lymphoproliferative disorders; EBV, Epstein-Barr virus; VOD, vein

occlusive disease.

Table 4 Complications in patients with different HL.A-allele mismatched grafts

One HLA-allele mismatched graft  Two or more HLA-allele mismatched graft

Endpoint (n=45) (n=22) P
Time to neutrophil engraftment (days) 12 (11.00-12.00) 11.5(11.00-13.25) 0.916
Time to platelet engraftment (days) 12 (10.00-12.00) 12 (11.00-13.25) 0.363
Complications, n (%)
aGVHD 19 (42.22%) 14 (63.64%) 0.100
cGVHD 8 (17.78%) 2 (9.09%) 0.478
PRES 5(11.11%) 3 (13.64%) >0.9999
HC 11 (24.44%) 9 (40.91%) 0.167
AIHA 8 (17.78%) 9 (40.91%) 0.041
BO 4 (8.89%) 2 (9.09%) >0.9999
PTLD 0 (0.00%) 1(4.55%) 0.328
CMV infection 11 (24.44%) 10 (45.45%) 0.082
EBV infection 9 (20.00%) 6 (27.27%) 0.502
VOD 1(2.22%) 1(4.55%) >0.9999

GVHD, graft versus host disease; PRES, posterior reversible encephalopathy syndrome; HC, hemorrhagic cystitis; AIHA, autoimmune
hemolytic anemia; BO, bronchiolitis obliterans; PTLD, posttransplant lymphoproliferative disorders; EBV, Epstein-Barr virus; VOD, vein

occlusive disease.
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Overall OS, TFS, TRM, GR
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Figure 1 Overall OS, TFS, TRM and GR analyses. OS, overall survival; TFS, thalassemia-free survival; GR, graft rejection; TRM,

transplantation-related mortality.

Table 5 Clinical endpoints in the fully-matched and mismatched donor groups.

Fully-matched donor group

Mismatched donor group

Endpoint (n=193) (n=67) HR 95% ClI P

OS (%) 93.15% 89.04% 0.58 0.21-1.60 0.293
TFS (%) 91.53% 89.04% 0.75 0.29-1.94 0.554
GR (%) 1.66% 0.00% 3.83 0.29-51.37 0.311
TRM (%) 6.96% 10.96% 0.59 0.21-1.63 0.309

OS, overall survival; TFS, thalassemia-free survival; GR, graft rejection; TRM, transplantation-related mortality.

graft rejection at the first transplantation, and all of
them underwent a second transplantation based on
the same regimen. Meanwhile, they all achieved stable
chimerism. A total of 20 patients (7.8%) died, including
15 due to severe pneumonia (two of them underwent a
second transplantation), 2 due to intracranial hemorrhage
secondary to thrombocytopenia, 1 due to pulmonary
hemorrhage secondary to thrombocytopenia, 1 due to
respiratory failure secondary to myasthenia gravis and 1 due
to cardiac arrest following an unintentional self-overdose
of nifedipine. The median follow-up was 29 months, and
6-year OS, TFS, GR and TRM were 92.08%, 90.89%,
1.24% and 8.01%, respectively, as shown in Figure 1.

Comparisons of OS, TFS, GR and TRM between the
fully-matched and mismatched donor groups are shown
in Table 5 and Figure 2. Notably, there were no significant
differences between the fully-matched and mismatched
donor groups in 6-year OS (93.15% vs. 89.04%), TFS
(91.53% vs. 89.04%), GR (1.66% vs. 0.00%) and TRM
(6.96% vs. 10.96%).

© Translational Pediatrics. All rights reserved.

As shown in Table 6 and Figure 3, patients administered
one and two or more HLA allele-mismatched grafts
exhibited no significant differences in 6-year OS (92.57%
vs. 81.57), TFS (92.57% wvs. 81.57), TRM (7.41% wvs.
18.43%). Neither of them underwent GR.

There were no significant differences between the
fully-matched family and unrelated donor subgroups in
6-year OS (94.24% vs. 91.83%, P=0.541), TFS (93.19%
vs. 89.55%, P=0.358), GR (1.11% wvs. 2.27%, P=0.446) and
TRM (5.82% vs. 8.36%, P=0.523). Similarly, there were
no significant differences between the mismatched family
and unrelated donor subgroups in 6-year OS (85.57% uvs.
91.48%, P=0.367), TFS (85.57% vs. 91.48%, P=0.367), GR
(0.00% ws. 0.00%, P>0.9999) and TRM (14.44% vs. 8.52%,
P=0.367), as shown in Table 7.

Complication comparisons between the fully-matched and
mismatched groups

Comparisons of aGVHD, ¢cGVHD, posterior reversible
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Figure 2 OS, TFS, TRM and GR in the fully-matched and mismatched groups. OS, overall survival; TFS, thalassemia-free survival; GR,

graft rejection; TRM, transplantation-related mortality.

Table 6 Clinical endpoints in patients with different HL.A-allele mismatched grafts

One HLA-allele mismatched graft

Two or more HLA-allele mismatched graft

Endpoint (n=45) (n=22) HR 95% Cl P
OS (%) 92.57 81.57 0.3 0.06-1.50 0.142
TFS (%) 92.57 81.57 0.3 0.06-1.50 0.142
GR (%) 0 0

TRM (%) 7.41 18.43 0.3 0.06-1.50 0.142

OS, overall survival; TFS, thalassemia-free survival; GR, graft rejection; TRM, transplantation-related mortality.

encephalopathy syndrome (PRES), hemorrhagic cystitis
(HC), autoimmune hemolytic anemia (AIHA), bronchiolitis
obliterans (BO), posttransplant lymphoproliferative
disorders (PTLD), cytomegalovirus infection, Epstein-Barr
virus infection and hepatic vein occlusive disease (VOD)
between the fully-matched and mismatched donor groups
are shown in 7able 3. Acute GVHD incidence was higher
in the mismatched group compared with the fully-matched
group (49.25% vs. 24.87%, P=0.0002). Notably, there were
no significant differences between the fully-matched and
mismatched donor groups in the incidence rates of cGVHD
(8.81% wvs. 14.93%, P=0.157), PRES (6.74% wvs. 11.94%,
P=0.178), HC (23.83% us. 29.85%, P=0.330), ATHA (19.17%
05.25.37%, P=0.281), BO (4.15% vs. 8.96%, P=0.133),
PTLD (0.52% vs. 1.49%, P=0.450), CMV infection (25.91%
vs. 31.34%, P=0.390), EBV infection (15.54% wvs. 22.39%,
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P=0.202) and VOD (2.07% vs. 2.99%, P=0.650).

As shown in Table 4, patients who received one and
two or more HLA allele-mismatched grafts exhibited no
significant differences in the incidence rates of aGVHD
(42.22% vs. 63.64%), cGVHD (17.78% wvs. 9.09%), PRES
(11.11% vs. 13.64%), HC (24.44% vs. 40.91%), BO (8.89%
vs. 9.09%), PTLD (0.00% vs. 4.55%), CMV infection
(24.44% vs. 45.45%), EBV infection (20.00% vs. 27.27%)
and VOD (2.22% wvs. 4.55%). AIHA incidence was higher in
the two or more HLA allele-mismatched group compared
with the one HLA allele-mismatched group (40.91% wvs.
17.78%, P=0.041).

As shown in Tuble §, patients administered fully-matched
family and fully-matched unrelated donor grafts exhibited
no significant differences in the incidence rates of cGVHD,
HC, BO, PTLD, AIHA, CMV infection, EBV infection
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Figure 3 OS and TFS in the one and two or more HLA-allele mismatched donor transplantation groups. OS, overall survival; TFS,

thalassemia-free survival.

Table 7 Clinical endpoints in the fully-matched family, fully-matched unrelated, mismatched family, mismatched unrelated donor groups.

Fully-matched  Fully-matched

Mismatched = Mismatched

family donor unrelated donor HR 95% Cl

P

Endpoint  family donor  unrelated donor HR 95% ClI

group (n=105) group (n=88) group (n=28)  group (n=39)
OS (%) 94.24% 91.83% 0.71  0.24-2.13 0.541 85.56% 91.48% 2.01 0.44-9.16 0.367
TFS (%) 93.19% 89.55% 0.63 0.23-1.69 0.358 85.56% 91.48% 2.01 0.44-9.16 0.367
GR (%) 1.11% 2.27% 0.41 0.04-4.02 0.446 0.00% 0.00% >0.9999
TRM (%) 5.82% 8.36% 0.7 0.23-2.10 0.523 14.44% 8.52% 2.01 0.44-9.16 0.367

and VOD. Acute GVHD (35.23% vs. 16.19%, P=0.002)
and PRES (11.36% wvs. 2.86%, P=0.022) incidence rates
were higher in the fully-matched unrelated donor group
compared with the fully-matched family donor group.
Patients administered HLA-mismatched family and HLA-
mismatched unrelated donor grafts exhibited no significant
differences in the incidence rates of aGVHD, cGVHD,
HC, PTLD, CMYV infection, EBV infection and VOD.
However, ATHA (39.29% wvs. 15.38%, P=0.027) and BO
(39.29% wvs. 7.69%, P=0.002) incidence rates were higher in
the HLA-mismatched family donor group compared with

© Translational Pediatrics. All rights reserved.

the HLA-mismatched unrelated donor group.

Multivariate analysis of factors associated with OS, TFS,
GR and TRM

The factors included in the multivariate analysis were
sex, risk class, LVEF, spleen size before HSCT, HLA
compatibility, times to neutrophil and platelet engraftment,
amounts of mononuclear cells and CD34 cells transplanted,
and complications after HSCT. Notably, HLA compatibility
was not independently associated with OS, TFS, GR and
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Table 8 Complications in the fully-matched family, fully-matched unrelated, mismatched family and mismatched unrelated donor groups.

Fully-matched family Fully-matched unrelated

Mismatched family Mismatched unrelated

Endpoint donor group (n=105) donor group (n=88) donor group (n=28)  donor group (n=39) P

Time to neutrophil 11 [11-12] 12 [11-14] 0.003 11 [11-13] 12 [11-12] 0.765

engraftment (days)

Time to platelet 12 [10-13] 12 [11-14] 0.103 12 [11-13] 12 [10-12] 0.445

engraftment (days)

Complications, n (%)
aGVHD 17 (16.19%) 31 (35.23%) 0.002 12 (42.86%) 21 (53.85%) 0.375
cGVHD 8 (7.62%) 9 (10.23%) 0.524 2 (7.14%) 8 (20.51%) 0.130
PRES 3 (2.86%) 10 (11.36%) 0.022 3(10.71%) 5(12.82%) >0.9999
HC 30 (28.57%) 16 (18.18%) 0.092 8 (28.57%) 12 (30.77%) 0.846
AIHA 20 (19.05%) 17 (19.32%) 0.961 11 (39.29%) 6 (15.38%) 0.027
BO 4 (3.81%) 4 (4.55%) >0.9999 11 (39.29%) 3(7.69) 0.002
PTLD 0 (0.00%) 1(1.14%) 0.456 0 (0.00%) 1(2.56%) >0.9999
CMV infection 27 (25.711%) 23 (26.14%) 0.947 8 (28.57%) 13 (33.33%) 0.679
EBV infection 15 (14.29%) 15 (17.05%) 0.598 6 (21.43%) 9 (23.08%) 0.873
VOD 3 (2.86%) 1(1.14%) 0.627 0 (0.00%) 2 (5.13%) 0.506

GVHD, graft versus host disease; PRES, posterior reversible encephalopathy syndrome; HC, hemorrhagic cystitis; AIHA, autoimmune
hemolytic anemia; BO, bronchiolitis obliterans; PTLD, posttransplant lymphoproliferative disorders; EBV, Epstein-Barr virus; VOD, vein

occlusive disease.

Table 9 Multivariate analysis of factors associated with OS, TFS, GR and TRM

Factors P HR 95% ClI
oS Patient risk classification 0.009 3.56 1.38-9.22
BO 0.012 3.91 1.34-11.38
CMYV infection 0.01 3.32 1.33-8.30
TFS Patient risk classification 0.019 2.90 1.19-7.07
BO 0.020 3.41 1.21-9.59
CMYV infection 0.045 2.36 1.02-5.45
GR AlHA 0.018 17.93 1.6-197.81
BO 0.12 3.91 1.34-11.38
TRM Patient risk classification 0.009 3.56 1.38-9.22
CMYV infection 0.010 3.32 1.33-8.30

OS, overall survival; TFS, thalassemia-free survival; GR, graft rejection; TRM, transplantation-related mortality.

TRM (Tible 9).

Discussion

A notable finding of this study was that allo-HSCT with
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the modified NF-08-TM conditioning regimen resulted in
6-year OS and TFS rates above 90% and a GR rate below
2%. Importantly, there were no significant differences
between the mismatched and fully-matched donor groups
in time to neutrophil or platelet engraftment, incidence

Transl Pediatr 2021;10(6):1552-1565 | http://dx.doi.org/10.21037/tp-20-415



1562

rates of complications (with the exception of aGVHD), OS,
TFS, GR and TRM. Furthermore, multivariate analysis
showed that HLA compatibility between patient and
donor was not independently associated with OS, TFS,
GR and TRM. Taken together, when modified NF-08-
TM conditioning regimen was applied in B-thalassemia
major patients, mismatched-donor grafts could show similar
survival outcomes and incidence rates of complications
(except for aGVHD) as fully-matched donor counterparts
after transplantation.

Although a matched sibling donor is generally considered
to be ideal for allo-HSCT, the resource is limited.
Alternative sources of cells for transplantation include
matched unrelated donors, mismatched related donors,
mismatched unrelated donors and cord blood (23).

Transplantation from a matched sibling donor is thought
to reduce the incidence of GVHD. The use of bone
marrow stem cells from fully matched siblings resulted in
aGVHD and ¢cGVHD incidence rates of 15.3% and 9.4%,
respectively (24). Qin et al. performed HSCT utilizing grafts
from matched siblings’ bone marrow, and demonstrated an
aGVHD incidence of 12.8% and a cGVHD incidence of
14.9% (25). Importantly, patients treated by HSCT using
matched sibling donors achieve the same quality of life as
healthy people (26). In this study, the incidence of aGVHD
for the fully-matched family donor group was higher than
reported by others. However, none of the patients died
of aGVHD, and all achieved satisfactory engraftment.
We speculate that use of peripheral blood stem cells may
result in a higher incidence of aGVHD than bone marrow
application. Ghavamzadeh et 4l. concluded that peripheral
blood stem cell transplantation is associated with higher
incidence rates of aGVHD and ¢cGVHD compared with
bone marrow utilization, but blood cells are easier to harvest
and associated with lower incidence of GR and shorter
times to neutrophil and platelet engraftment, resulting in
similar OS outcomes to bone marrow transplantation (27).

With the establishment of bone marrow banks
worldwide, transplantation of grafts from unrelated donors
has emerged as a viable alternative procedure. Shenoy ez al.
performed HSCT in patients utilizing matched unrelated
marrow, and reported a 2-year disease-free survival
of 82% (28). A retrospective analysis reported higher
incidence rates of aGVHD and cGVHD using matched
unrelated donors compared with related donors, but with
no significant differences in OS and TFS (8). This study
found that use of the modified NF-08-TM conditioning
regimen achieved OS and TFS exceeding 90%, with no
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significant differences in outcomes between matched
family and unrelated donors. Taken together, the current
results and previous findings confirm that a matched
unrelated donor graft is a safe and effective option.

The high incidence of GVHD has previously restricted
the utilization of mismatched donors. In 2014, an
international expert panel recommended that using an
HLA-mismatched family donor should be considered an
experimental approach; meanwhile, the unrelated donor
must be selected using high-resolution molecular typing for
both HLA class I and II loci, according to stringent criteria
of compatibility with the recipient (29). Sun ez a/. performed
HSCT in 48 patients using unrelated donors (HLA 9/10
in 16 patients and HLA 8/10 in 4 patients); notably, the
incidence rates of aGVHD and cGVHD were low (30).
A recent international survey reported worse outcome
using HLA-mismatched related donors compared with
HLA-mismatched unrelated donors (9). High-resolution
mismatches at HLA-A, -B, -C, and -DRBI1 adversely
affect treatment outcome. With regards to HLA class II
disparities, several studies have indicated that HLA-DQB1
disparities are not associated with mortality.

The present study found that the outcomes of
transplantation using HLA-mismatched donors were similar
to those using fully-matched donors while using the above
conditioning regimen. Moreover, there were no significant
differences in complication rates after transplantation
between the two groups (except for aGVHD). Notably, the
outcomes of transplantation using an HLA-mismatched
family donor were similar to those of the HLA-mismatched
unrelated donor group. Additionally, there were no
significant differences in the incidence rates of aGVHD
and ¢cGVHD after transplantation between the two groups.
We hypothesize that the satisfactory outcomes in this
study were achieved because of the modified conditioning
regimen adjusting the dose of anti-thymocyte globulin
based on HLA compatibility between donor and recipient.
Therefore, our findings provide strong evidence that while
using this conditioning regimen, an HLA-mismatched
donor is a suitable alternative to an HLA-identical donor.

Haploidentical donor transplantation brings challenges
but also hope to patients. A study in Thailand described
successful transplantation of peripheral blood stem cells
from a haploidentical donor when a novel preconditioning
regimen was used (31). Notably, continuous engraftment was
achieved, with low incidence rates of severe complications
and GVHD (31). A haploidentical transplantation study in
China also obtained good outcomes: 3-year OS and TFS
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reached 100%, the incidence of grade III-IV aGVHD was
low, and only 1 patient developed cGVHD (32). In this
retrospective study, 22 patients received two or more HLA
allele-mismatched grafts and four of them died at the last
follow-up. Totally 15 patients received a graft from a parent,
and three of them died at the last follow-up, indicating that
parent donor-based transplantation is an alternative choice
while using our modified NF-08-TM regimen. Since only
a small number of patients received a parent graft in this
study, additional studies are needed.

This was a retrospective analysis based on a registry, so
the results may be prone to information or selection bias.
In addition, the number of cases included was relatively
small. A large-scale, multicenter, prospective clinical trial
is needed to further evaluate the transplantation of fully-
matched and mismatched donor grafts using the modified
NF-08-TM regimen as well as new protocols.

In conclusion, when the modified NF-08-TM
conditioning regimen and allo-HSCT were applied to
treat B-thalassemia, survival outcomes and incidence rates
of complications (except for aGVHD) were similar for
mismatched and fully-matched donor grafts. Therefore,
applying a mismatched graft is a safe and feasible choice
when a suitable matched graft is unavailable for HSCT.
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