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Key Points

• TCRab1/CD191-
depleted haplo-HCT
is associated with a
reduced incidence
of graft failure in
patients with
hemoglobinopathies.

• The major challenges of
haplo-HCT in hemoglo-
binopathies are delayed
immune reconstitution
and associated mor-
bidity and mortality.

We examined outcomes of haploidentical hematopoietic cell transplantation (haplo-HCT) using

T-cell receptor ab1 (TCRab1)/CD191-depleted grafts (TCR group, 14 patients) in children

with hemoglobinopathies. Patients received a preparative regimen consisting of busulfan,

thiotepa, cyclophosphamide, and antithymocyte globulin preceded by fludarabine,

hydroxyurea, and azathioprine. Themedian follow-up among surviving patients was 3.9 years.

The 5-year probabilities of overall survival (OS) and disease-free survival (DFS) were 84% and

69%, respectively. The incidence of graft failure was 14%. We compared outcomes to a

historical group of 40 patients with hemoglobinopathies who received CD341-selected

grafts (CD34 group). The median follow-up of surviving patients for the CD34 group was

7.5 years. The 5-year probabilities of OS and DFS were 78% and 39%, respectively. The

CD34 group had a significantly higher incidence of graft failure (45%) than the TCR group

(14%) (P 5 .048). The incidences of grades 2 to 4 acute graft-versus-host disease (GVHD)

in the TCR and CD34 groups were 28% and 29%, respectively, and 21% and 10% (P 5 .1),

respectively, for extensive chronic GVHD. Viral reactivation was common in both

groups. The overall incidence of posttransplant lymphoproliferative disorders for the

entire group was 16%. Among all patients, 5 developed autoimmune hemolytic anemia or

thrombocytopenia, with the overall cumulative incidence of 11%. The 2 groups showed

suboptimal CD41 recovery within the first 6 months of transplantation with no significant

difference between groups. These data demonstrate that TCRab1/CD191-depleted

grafts are associated with a reduced incidence of graft failure, but delayed immune

reconstitution and associated morbidity and mortality remain a significant challenge.

Introduction

Hematopoietic cell transplantation (HCT) from an HLA-matched related or unrelated donor remains the only
curative therapy for hemoglobinopathies.1,2 However, only 25%of patients have anHLA-matched sibling donor,
and in a recent study from the USNational MarrowDonor Program,,52%of non-Europeans found amatched
unrelated donor.3 Furthermore, the lack of donor registries and cost of recruiting unrelated donors makes
this approach unaffordable for developing countries, where many patients with hemoglobinopathies reside.

A haploidentical related donor is often available and represents an alternate source of stem cells.4,5

Recent advances in graft engineering with effective ex vivo T-cell depletion through positive selection of
CD341 cells, depletion of CD31/CD191 cells, or T-cell receptor ab1 (TCRab1)/CD191 depletion

Submitted 29 August 2017; accepted 28 November 2017. DOI 10.1182/
bloodadvances.2017012005.

© 2018 by The American Society of Hematology

13 FEBRUARY 2018 x VOLUME 2, NUMBER 3 263



have significantly improved the outcome of haploidentical HCT
(haplo-HCT).4,6-8 In our preliminary report of haplo-HCT for
thalassemia using CD341-selected and/or CD31/CD191-depleted
grafts, we had reported a high graft failure rate,9 which was not
reduced in a subsequent cohort of transplanted patients with
hemoglobinopathies. Extensive T-cell depletion can significantly
reduce the incidence of graft-versus-host disease (GVHD) but is
associated with delayed immune recovery and an increased risk of
graft rejection, especially in nonmalignant diseases.10 These
results have prompted us to change the graft manipulation
technique for haplo-HCT for hemoglobinopathies. We hypothe-
sized that using a new graft manipulation method that removes
ab1 T lymphocytes while retaining gd1 lymphocytes, natural
killer (NK) cells, and other accessory cells11,12 would reduce the
graft failure rate and improve outcomes. Since June 2012, we
have been using this new graft manipulation technique with
selective depletion of TCRab1 and CD191 lymphocytes. Here,
we report outcomes of patients with hemoglobinopathies treated
with TCRab1/CD191-depleted grafts and compare them with
a historical similar cohort of patients who received CD341-selected
grafts. We also evaluated long-term outcomes for patients treated
with CD341-selected grafts.

Patients and methods

This is a retrospective, single-center study investigating outcomes
of haplo-HCT in 14 consecutive children with hemoglobinopathies
given TCRab1/CD191-depleted grafts between June 2012 and
March 2017 (TCR group). Patients were eligible for haploidentical
transplantation if HLA-matched unrelated bone marrow (BM)
donors were not available within at least 6 months of search
initiation. The characteristics of the patients are summarized in
Table 1. Patients were ,17 years old and received a haplo-HCT
($2 HLA-mismatched antigens) for thalassemia (n5 11) or sickle cell
disease (SCD; n5 3). We also report outcomes of a historical group
of patients who received halpo-HCT for hemoglobinopathies using
CD341-selected peripheral blood stem cell (PBSC) and BM grafts
(n 5 32) or CD341-selected PBSC and CD31/CD191-depleted
BM grafts (n 5 8) between December 2005 and December 2011
(CD34 group) at our institution (Table 1). Seven patients with
thalassemia who received CD341-selected PBSC and BM grafts
and reported in preliminary report9 were not included in the study
because they had undergone transplantation at other institution and
were lost to follow-up. Before transplantation, most patients were
heavily transfused and had moderately severe iron overload, as
evidenced by high median serum ferritin. The 2 groups showed
similar demographic characteristics. More patients in CD34 group
received rituximab prophylaxis (P5 .01). The treatment protocol was
approved by the Mediterranean Institute of Hematology Institutional
Review Board, and the parents of all patients provided written
informed consent in accordance with the Declaration of Helsinki.

Patient–donor pairs were analyzed by 4-digit sequence-based
typing or sequence-specific polymerase chain reaction (PCR) at the
HLA-A, HLA-B, HLA-C, HLA-DRB, and HLA-DQB1 loci. Four-digit
HLA-DPB1 typing was prospectively performed by sequence-
specific PCR and PCR sequence-specific oligonucleotide probing.
Anti-HLA antibodies were determined retrospectively using Lumi-
nex single antigen beads (One Lambda, Canoga Park, CA).

Patients were prepared according to the established regimen
(Table 1), as described previously.9 Briefly, during the preconditioning

phase, patients received hydroxyurea and azathioprine from day
259 pretransplant and fludarabine from day217 through day212.
The conditioning regimen consisted of untargeted oral busulfan
(n 5 5) or weight-based targeted intravenous busulfan (n 5 49),
thiotepa, and cyclophosphamide. Anti-T-cell globulin (Thymoglobulin
[Genzyme, Lyon, France] at a dose of 12.5 mg/kg over 4 days [n 5 6
patients] or ATG-Fresenius [Neovii Biotech GmbH, Gräfelfing,
Germany] at a dose of 50 to 25 mg/kg over 5 days [n 5 48 patients])
was administered for prevention of rejection and GVHD. Twenty-five
patients received rituximab at a dose of 375 mg/m2 on day 21 to
reduce the risk of Epstein-Barr virus (EBV)–related lymphoproliferative
disorders (PTLD). Patients received GVHD prophylaxis with cyclo-
sporine and methylprednisolone (n 5 52) or cyclosporine and
mycophenolate mofetil (n 5 2) until day 160. Acute GVHD (aGVHD)
and chronic GVHDwere diagnosed, and severity was scored following
published criteria.13,14

Chimerism analysis was first performed on whole BM samples
20 days posttransplantation. Percentages of donor–recipient
DNA were determined by PCR-based analysis of short tandem
repeats (Profiler Plus Applera, Foster City, CA). Myeloid and
lymphoid chimerism was determined at 60, 90, 180, and 365
days posttransplantation.

Autologous BM was cryopreserved in case of graft failure for all
patients. In the TCR group, donor PBSCs were mobilized with
granulocyte colony-stimulating factor (12 mg/kg per day) from
day 25 until collection on day 0. In 3 donors with CD341 cell
counts ,0.04 3 109/L on day 21, plerixafor (240 mg/kg) was
administered. Ex vivo TCRab1/CD191 depletion was performed
using an immunomagnetic method (CliniMACS, Miltenyi Biotech,
Bergisch Gladbach, Germany).15 Donors in CD34 group un-
derwent PBSC collection 3 to 4 months before BM harvest. CD34+

cells were isolated using the CliniMACS device (Miltenyi Biotech)
and were cryopreserved. On day 0, patients received thawed
CD341 cells and CD341-selected and/or CD31/CD191-depleted
cells from freshly harvested BM.

Study end points and outcome definitions

Study end points were graft failure/rejection, disease-free survival
(DFS), overall survival (OS), GVHD, and transplant-related mortality.
DFS was defined as survival without graft rejection or death and OS
as the time from transplant to death from any cause. Primary graft
failure was defined as failure to achieve absolute neutrophil
count .0.5 3 109/L by day 28 and the presence of ,10% donor
cells according to the BM chimerism assay. Secondary graft failure
was defined as donor engraftment followed by graft loss, as
evidenced by a persistent decrease in the absolute neutrophil count
of ,0.5 3 109/L and loss of donor chimerism in BM/peripheral
blood. The day of neutrophil engraftment was defined as the
first of 3 consecutive days during which the absolute neutrophil
count was $0.5 3 109/L. Platelet engraftment was defined as the
first of 7 consecutive days during which platelet counts exceeded
20 3 109/L without transfusion.

Supportive care

For infectious disease prophylaxis, the patients received systemic
antibacterial and antifungal drugs until the neutrophil level
was .1.0 3 109/L. They also received acyclovir for herpes
virus prophylaxis and trimethoprim/sulfamethoxazole for Pneu-
mocystis jirovecii prophylaxis. From preconditioning until at
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least 180 days posttransplantation, patients were monitored
weekly for EBV and cytomegalovirus (CMV) in the blood and for
adenovirus and BK polyomavirus (BKV) in blood and urine using
sensitive reverse-transcription PCR.

Statistical analysis

Patient-, disease-, and transplant-related variables were compared
between the 2 groups using x2 statistics for categorical variables
and the Mann-Whitney U test for continuous variables. Probabilities
of OS and DFS were estimated using the Kaplan-Meier method and
compared between groups using a log-rank test.16 The cumulative
incidence of graft failure/rejection and GVHD was estimated,
accounting for competing risks for each outcome.17 Death with
sustained engraftment was considered a competing risk for
rejection and rejection and death before GVHD as competing risks
for GVHD. Between-group differences were assessed using Gray’s
test. All P values were 2 tailed and considered significant if ,.05.
Statistical analyses were performed using IBM SPSS Statistics
21.0 statistical software and the EZR statistical program.18

Results

TCRab1/CD191-depleted haplo-HCT

Engraftment. Thirteen out of 14 patients (92%) received
.103 106 CD341 cells/kg. The median ab1 T-cell dose was 4 3
104/kg, and the median gd1 T cell dose was 9 3 106/kg (Table 1).
Engraftment of neutrophils and platelets occurred in 93% and 86%
of patients, respectively. Recovery of neutrophils and platelets
occurred after a median of 13 days (range, 10-15 days) and 15
days (range, 10-21 days), respectively.

Graft failure/rejection. All but 2 patients had sustained
engraftment. Two patients with thalassemia had primary graft failure
or secondary graft failure. Both patients were given an autologous
backup stem cell infusion as soon as graft failure was confirmed and
showed complete autologous hematopoietic recovery. Despite
primary graft failure, one of these patients had an unusually high
level of fetal hemoglobin (99%) after transplantation and became
transfusion independent in.4 years with hemoglobin.10 to 11 g/dL.
No graft failure episode occurred beyond 1 month. The cumula-
tive incidences of graft failure was 14% (95% confidence interval [CI],
0% to 30%) (Figure 1A). In a retrospective analysis of 5 patients

Table 1. Patient and transplant characteristics

Variables TCR group CD34 group P

Number of patients 14 40

Age, median (range), y 7 (3-15.2) 7 (2.4-17) .63

Male sex, n 12 23 .1

Thalassemia, n 11 34 .68

Sickle cell anemia, n 3 4 —

HbS-b thalassemia, n — 2 —

Risk class .08

Class 1/2/3, n 0/7/4 10/16/10 —

Not applicable 3 4 —

Indications for transplantation, n

Chronic blood transfusion 11 36 .35

Stroke 1 — —

Recurrent vaso-occlusive crisis 3 4 —

Splenectomy, n 2 11 .47

Median packed RBC units
received pretransplant (range)

55 (0-300) 55 (7-310) .53

Median serum ferritin (range), ng/mL 1391 (32-6649) 1633 (125-8696) .54

Donor, n .35

Mother 12 32 —

Father 2 4 —

Brother — 4 —

Graft type, n —

CD341 selection of PBSCs and BM — 32 —

CD341 selection of PBSCs
and CD31/CD191 depletion
of BM

— 8 —

TCRab1/CD191 depletion
of PBSCs

14 — —

Donor–recipient sex, n .06

Female to male 11 19 —

Other combinations 3 21 —

Donor–recipient CMV status, n

Both positive 10 24 .53

Any positive 2 14 .18

Both negative 2 2 .27

Number of mismatches, n

5 10 20 .21

4 3 12 .73

3 1 6 .66

2 0 2 1

Conditioning regimen, n

BuTT10Cy200ATG preceded by
HuAzFlu (day 259 to 212)*

14 37 —

BuTT10Cy200ATG preceded by
Flu (day 217 to 212)*

— 3 —

Rituximab prophylaxis (yes/no) 2/12 23/17 .01

GVHD prophylaxis (from

day 22 to day 160), n

CSA 1 methylprednisolone 12 40 —

CSA 1 mycophenolate mofetil 2 — —

Table 1. (continued)

Variables TCR group CD34 group P

Graft content, median (range)

CD341 3 106/kg 15.7 (8.1-39.2) 16 (4.3-28.1) .43

CD31 3 105/kg — 2.8 (0.06-31.6) —

CD191 3 106/kg — 0.2 (0.01-2.11) —

TCRab1 CD31 3 104/kg 4 (1-10.0) — —

TCRgd1 CD31 3 106/kg 9 (2.8-40.2) — —

CD32CD161CD561 3 106/kg 28.7 (9.8-194.3) — —

CD201 3 106/kg 0.06 (0.01-1.7) — —

Az, azathioprine; ATG, anti-thymocyte globulin; Flu, fludarabine; Bu, busulfan; CD34
group, CD341-selected and/or CD31/CD191-depleted grafts; CSA, cyclosporine; Cy,
cyclophosphamide; HbS, hemoglobin S; Hu, hydroxyurea; RBC, red blood cell; TCR group,
TCRab1/CD191-depleted grafts; TT, thiotepa.
*From July 2004 to June 2006, patients received 14 mg/kg total dose of oral busulfan

and weight-based intravenous Bu thereafter.
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whose pretransplant serum samples were available, we investigated
anti-HLA antibodies.19 Among these patients, 1 who had graft failure
was positive for anti-HLA antibodies, but not for donor-specific
antibodies (DSAs) (Table 2). All patients with sustained engraftment
had complete donor chimerism.

GVHD. Four patients developed grade 2 to 3 aGVHD; grade
3 aGVHD occurred in 1 patient. All but 1 patient developed skin
aGVHD. The incidence of grade 2 to 3 aGVHD was 28% (95% CI,
1% to 49%). Three patients developed extensive chronic GVHD
with the incidence of 21% (95% CI, 0% to 40%). One patient had

generalized steroid-dependent skin involvement, a second patient
had liver and lung involvement, and the third patient had skin and
gastrointestinal involvement. Chronic GVHD contributed to death of
1 patient. The remaining 2 patients are off immunosuppression.

Survival. The median follow-up among surviving patients was
3.9 years (range, 0.5-5.2 years). The 5-year probabilities of OS and
DFS were 84% (95% CI, 49% to 96%) and 69% (95% CI, 37%
to 87%), respectively (Figure 1B). Two patients died of gastro-
intestinal bleeding (day 1222) or diffuse large B-cell lymphoma
(11.7 years).
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Table 2. Anti-HLA antibodies in patients who underwent haplo-HCT

Number Graft type

Anti-HLA antibodies Donor-specific anti-HLA antibodies

OutcomeClass I Class II Class I Class II

1 CD341 selected* No No No No Stable

2 CD341 selected No No No No Rejection

3 CD341 selected No No No No Rejection

4 CD341 selected No No No No Stable

5 CD341 selected No Yes No No Rejection

6 CD341 selected No Yes No No Stable

7 CD341 selected No No No No Stable

8 CD341 selected Yes Yes A24; MFI 5 21 520 No Rejection

9 CD341 selected Yes No B57; MFI 5 777 No Rejection

10 CD341 selected No No No No Stable

11 CD341 selected No No No No Rejection

12 CD341 selected No No No No Stable

13 CD341 selected Yes Yes A23; MFI516891 DQ2; MFI 5 2358 Rejection

B45; MFI 5 21 993

14 TCRab depleted† No No No No Stable

15 TCRab depleted Yes Yes No No Rejection

16 TCRab depleted No No No No Stable

17 TCRab depleted No No No No Stable

18 TCRab depleted No No No No Stable

“No” indicates that antibodies were not found.
MFI, mean fluorescence intensity.
*CD341-selected and/or CD31/191-depleted grafts.
†TCRab1/CD191-depleted grafts.
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Immune reconstitution. The kinetics of immune reconsti-
tution is shown in Table 3. All patients with sustained engraft-
ment had the absolute numbers of CD41 cells less then,200/mL
within 6 months of transplantation. At 6 months, the abso-
lute numbers of CD31, CD41, CD81, CD191, and NK cells were
707 6 179, 190 6 38, 272 6 33, 270 6 91, and 274 6 76,
respectively; at 12 months, they were 832 6 250, 295 6 74,
415 6 140, 307 6 103, and 182 6 49, respectively.

Infectious complications. Viral reactivation was common.
The incidences of CMV, EBV, adenovirus, and BKV reactivation
were 64% (95% CI, 28% to 82%), 28% (95% CI, 0% to 49%), 7%
(95% CI, 0% to 19%), and 23% (95% CI, 1% to 64%),
respectively. None of the patients developed CMV or adenovirus
disease. The incidence of BKV-associated late-onset hemorrhagic
cystitis was 35% (95% CI, 5% to 57%). Three patients devel-
oped EBV-related PTLD, with a cumulative incidence of 23% (95%
CI, 0% to 43%). None of these patients received rituximab
prophylaxis. Bacterial infections were also frequent; 5 (38%)
patients developed gram-negative or gram-positive sepsis and
7 (50%) patients pneumonia. Invasive fungal infections occurred in
2 (14%) patients.

Autoimmune disorders. Four patients developed autoim-
mune disorders: 3 patients had autoimmune hemolytic anemia
at 183, 415, and 875 days, and 1 patient had autoimmune
thrombocytopenia at 478 days after transplantation. The incidence
of autoimmune disorders was 37% (95% CI, 0% to 60%). None
of these patients received rituximab prophylaxsis. The first-line
treatment of all patients included methylprednisolone and immuno-
globulins. Three patients achieved complete remission after
rituximab was administered as second-line treatment.

Outcomes of TCR group patients were compared with a historical
group of 40 patients with hemoglobinopathies who received
CD341-selected and/or CD31/CD191-depleted grafts (CD34
group) in our institution. The median follow-up was 7.5 years
(range, 5.7-11.6 years) for the CD34 group. The cumulative
incidence of graft failure was significantly higher in the CD34
group (45%; 95% CI, 27% to 58%) than the TCR group (14%;

95% CI, 0% to 31%) (P5 .048). There was no association between
graft failure and patient-, disease-, and treatment-related variables
(age, sex, serum ferritin, number of blood transfusion, risk classes,
splenectomy, and busulfan concentration), donor type, HLA mis-
matches, type of disease, and CD341 cell dose (data not shown). In
a retrospective analysis of 13 CD34 group patients (6 patients
with sustained engraftment and 7 patients with graft failure), we
investigated anti-HLA antibodies.19 Anti-HLA antibodies were identi-
fied in 5 (38%) patients. Three of these patients also had DSAs
(Table 2). Four of 5 patients (80%) with anti-HLA antibodies had
rejection compared with 3 of 8 patients (38%) who were negative for
anti-HLA antibodies (P 5 .26, Fisher’s exact test). All 3 patients with
DSAs had rejection vs 4 of 10 patients (40%) without DSAs (P5 .19).

OS was similar between the 2 groups (78%; 95% CI, 23% to 54%
versus 84%; 95% CI, 49% to 96%) (P5 .9). DFS was higher in the
TCR group (69%; 95% CI, 37% to 87%) than the CD34 group
(39%; 95% CI, 23% to 54%), although the difference was not
statistically significant (P5 .08), likely because of the small number
of patients in the TCR group. In the entire group, patients
aged #10 years had significantly higher OS than patients .10
years old (94%; 95% CI, 80% to 99% vs 47%; 95% CI, 19% to
71%; P5.0004). Respective DFS was 57% (95%CI, 39% to 71%)
and 27% (95% CI, 8% to 50%) (P 5 .25). Of note, for the whole
cohort, there was a significantly higher incidence of PTLD in
patients who did not receive rituximab prophylaxis (26%; 95% CI,
7% to 41%) compared with patients who did (4%; 95% CI, 0% to
10%) (P 5 .032). Five patients (4 in TCR group and 1 in CD34
group) developed autoimmune hemolytic anemia or thrombocyto-
penia with the overall cumulative incidence of 11% (95% CI, 1% to
19%). The TCR group had a significantly higher incidence of
autoimmune disorders (37%) than the CD34 group (3%) (P 5
.002). It is noteworthy that none of these patients received rituximab
prophylaxis. In fact, the incidence of autoimmune disorders was
significantly higher in patients who did not receive rituximab (19%;
95% CI, 2% to 33%) compared to those who did (0%) (P 5 .041).

All 18 patients in the CD34 group with graft failure were given an
autologous backup stem cell infusion as soon as graft failure was

Table 3. Immune reconstitution of patients after haplo-HCT

1 mo 3 mo 6 mo 12 mo 24 mo

TCRab1/CD191-depleted HCT*

CD31 T cells/mL 265 6 110 366 6 229 707 6 179 832 6 250 1640 6 414

CD31CD41 T cells/mL 33 6 17 58 6 23 190 6 38 295 6 74 608 6 106

CD31CD81 T cells/mL 175 6 73 97 6 17 272 6 33 415 6 140 868 6 347

CD191 B cells/mL 4 6 2 287 6 109 270 6 91 307 6 103 205 6 60

CD32CD561 NK cells/mL 199 6 49 174 6 53 274 6 76 182 6 49 429 6 141

CD34
1* selected- and/or

CD31/CD191-depleted HCT

CD31 T cells/mL 140 6 88 626 6 252 736 6 216 1014 6 238 2390 6 559

CD31CD41 T cells/mL 17 6 11 78 6 29 148 6 43 423 6 97 934 6 203

CD31CD81 T cells/mL 120 6 77 531 6 218 528 6 147 559 6 147 1314 6 311

CD191 B cells/mL 9 6 2 320 6 94 151 6 54 600 6 241 539 6 169

CD32CD561 NK cells/mL 255 6 51 152 6 39 127 6 27 413 6 151 481 6 246

Data are expressed as means 6 standard error of the mean.
*There was no statistically significant difference between the 2 groups with respect to each cell subset determined at different time points.
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confirmed. Despite initial recovery of autologous hematopoiesis,
2 of these patients died of infectious complications. The remain-
ing 16 patients are alive with complete recovery of autologous
hematopoiesis.

In the CD34 group, 8 patients died of pneumonia (day129), perianal
abscess (day133), CMV pneumonia (day1190), diffuse large B-cell
lymphoma (day 1199), disseminated aspergillosis (day 1243),
toxic megacolon (11.2 years), acute heart failure (14 years), and
overwhelming postsplenectomy sepsis (17.4 years). There were no
statistically significant differences between the 2 groups with respect to
incidences of vial reactivation, acute and chronic GVHD, infectious
complications, immune reconstitution, and PTLD (data not shown).

Discussion

The role of haploidentical HCT in hemoglobinopathies and the long-
term outcomes are unclear. Our present results showed that
TCRab1/CD191-depleted grafts were associated with a signifi-
cantly reduced incidence of graft failure compared with CD341

-selected grafts in patients with hemoglobinopathies. The major reason
for transplant failure in our patients given CD341-selected grafts was
graft failure. This finding is corroborated by the most recent observation
that the incidence of graft failure was 50% in 8 patients with SCD who
received CD341-selected and CD31-depleted grafts from haploident-
ical parents.20 Extensive T-cell depletion through CD341 selection and
infusion of megadose CD341-cell (.10 3 106 CD341 cells/kg)–
containing grafts resulted in a high engraftment rate and low GVHD
after haplo-HCT in patients with hematologic malignancies.4 It has been
suggested that high numbers of CD341 cells can overcome
the HLA barrier to engraftment. Extensive T-cell depletion can
significantly reduce the incidence of GVHD but is associated with
delayed immune recovery and an increased risk of graft rejection,
especially in nonmalignant diseases.10,21 In the present study, the
incidence of graft failure in the CD34 group was unacceptably high
despite a megadose of CD341 cells and an intensive myeloablative
and immunosuppressive conditioning regimen, indicating that cells
removed because of extensive T-cell depletion are important for
promoting engraftment in immunocompetent patients with hemo-
globinopathies. In fact, donor T cells play an important role in
promoting engraftment following transplantation.22,23 Recently,
Gilman et al reported on 10 SCD patients who underwent
CD341-selected, T-cell–depleted PBSC transplantation from
mismatched family or unrelated donors.24 Seven of these patients
received transplantation from related donors with .2 mismatches.
Patients were given prophylactic donor lymphocyte infusion starting
33 days after transplantation. Only one patient had graft failure.
Two-year OS and DFS rates were 90% and 80%, respectively. The
low incidence of graft failure in that study may in part be related to
early donor lymphocyte infusion, which promoted sustained
engraftment. Reduced graft failure with TCRab1/CD191 grafts
observed in our patients is consistent with a recent study showing a
16.2% graft failure rate following TCRab1/CD191-depleted haplo-
HCT for nonmalignant conditions.25 Unlike CD341-selected grafts,
TCRab1/CD191-depleted grafts contain gd lymphocytes, NK cells,
and stem cells, which might promote engraftment in these patients.
In fact, the gd T cells promote engraftment of allogeneic stem cells
in preclinical models.26,27 However, a higher graft failure rate (36%)
has been reported in children with immunodeficiencies who
underwent TCRab1/CD191-depleted haplo-HSCT following a
reduced-intensity conditioning regimen,28 indicating that the

intensity of the conditioning regimen is an important contributor
to graft failure in patients with nonmalignant conditions.

Donor-specific anti-HLA antibodies are associated with a high rate
of graft rejection after haplo-HCT.29 We retrospectively analyzed
pretransplant serum samples of 18 patients for the presence of
DSAs. Three patients who received CD341-selected grafts had
DSAs. Although patients with DSAs had a higher rate of graft failure
than patients who did not have DSAs, this was not statistically
significant, likely because of the small sample size and unrecog-
nized DSAs.19 Remarkably, in CD34 group, 4 of 10 patients (40%)
who were negative for DSAs had rejection, which supports our
hypothesis that graft content plays an important role in promot-
ing engraftment in T-cell–depleted haplo-HCT in patients with
hemoglobinopathies. The high sustained engraftment rate in
patients treated with TCRab1/CD191-depleted grafts translated
into a higher DFS rate (69%) compared with patients given
CD341-selected grafts, although it was not statistically significant
because of the small number of patients.

The incidence of grade 2 to 3 aGVHD (28%) observed in our
patients was similar to that reported in children who received
TCRab1/CD191-depleted haploidentical grafts with posttrans-
plant pharmacological GVHD prophylaxis for immunodeficiencies28

or malignant and nonmalignant diseases.30 In contrast, Bertaina
et al reported a 13% acute GVHD rate in a group of 23 patients
who received TCRab1/CD191-depleted haplo-HCT for nonmalig-
nant conditions and received no GVHD prophylaxis.25 It is worth
noting that the median dose of ab T cells given to our patients was
similar to that reported by Bertaina et al, whereas patients in the
previous 2 studies28,30 received lower doses of ab T cells. The
incidence of extensive chronic GVHD in our patients treated with
TCRab1/CD191-depleted grafts was higher than that reported in
previously published series.25,28,30

The incidence of PTLD was relatively high (23%) in the TCR group,
probably because few patients were given rituximab before
transplantation. In fact, patients who received rituximab prophylaxis
had a significantly lower incidence of EBV-associated PTLD than
patients who did not (4% vs 26%). Therefore, we recommend
rituximab prophylaxis and EBV monitoring in patients undergoing
haplo-HCT. However, we cannot rule out a negative impact of anti-
thymocyte globulin in the conditioning on development of PTLD.31

Remarkably, 4 patients in the TCR group and 1 patient in the CD34
group developed autoimmune disorders, with an overall cumulative
incidence of 11%, which is in agreement with previously published
studies.32,33 However, we found that patients who did not receive
rituximab prophylaxis had significantly higher incidence of autoim-
mune disorders. This finding suggests the importance of rituximab
prophylaxis in patients undergoing T-cell–depleted haploidentical
transplantation.

A delayed immune reconstitution and associated infectious
complications are common in T-cell–depleted haplo-HCT. Our
finding of suboptimal CD41 cell recovery within the first 6 months is
consistent with published studies.30,34,35 In the present study, the
kinetics of immune reconstitution was similar between patients
given TCRab1/CD191-depleted and CD341-selected haplo-HCT.
However, we cannot rule out a negative impact of posttransplant
immune suppression on slow immune recovery.
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Haploidentical transplantation using T-cell–replete grafts and
posttransplant cyclophosphamide (PT-Cy) is another recently de-
veloped alternative transplant platform.36 Bolanos-Meade et al reported
a high graft failure rate (46%) among 14 SCD patients who underwent
haploidentical transplantation following nonmyeloablative conditioning
regimen and PT-Cy.37 An intensive preconditioning immunoablation
followed by a myeloablative conditioning regimen and PT-Cy in
the haploidentical setting for thalassemia showed promising results;
among 31 patients transplanted, 2 had rejection and 1 patient
died, with an OS and DFS of 95% and 94%, respectively.38 Further
studies and long-term follow-up are necessary to determine whether
this approach results in significant improvement of transplant outcomes.

This study has some inherent limitations, including its retrospective
design and single-center setting. The follow-up period for the TCRab1

/CD191-depleted group was short. However, all patients had at least
6 months of follow-up, enabling us to make reliable conclusions of early
outcomes. Furthermore, this study was conducted in homogeneous
groups in terms of disease and treatment, allowing us to draw useful
conclusions about the efficacy of TCRab1/CD191-depleted grafts in
reducing graft failure rate after haplo-HCT for hemoglobinopathies. In
addition, this is the longest follow-up reported to date for outcomes
of haploidentical transplantation using CD341-selected grafts for
hemoglobinopathies.

In summary, we have shown that the use of TCRab1/CD191-
depleted grafts is associated with significantly reduced graft failure
in patients with hemoglobinopathies. CD341-selected haploident-
ical transplantation for patients with hemoglobinopathies is
associated with a high graft failure rate and low DFS; therefore,
the use of such grafts in these patients should be discouraged.
Delayed immune reconstitution and associated morbidity and

mortality remain a significant problem in this setting. Novel
pharmacologic and cell therapy approaches to enhance immune
reconstitution and improve outcome after T-cell–depleted haplo-
HCT are warranted.
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8. Diaz MA, Pérez-Mart́ınez A, Herrero B, et al. Prognostic factors and outcomes for pediatric patients receiving an haploidentical relative allogeneic
transplant using CD3/CD19-depleted grafts. Bone Marrow Transplant. 2016;51(9):1211-1216.
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