
Original Article

Myeloablative Haploidentical Transplant
as an Alternative to Matched Sibling
Transplant for Peripheral T-Cell Lymphomas
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Abstract
The number of HLA-haploidentical allogeneic hematopoietic stem-cell transplantation (Haplo-HSCT) is increasing. Com-
parative studies about Haplo-HSCT versus allo-HSCT with HLA-matched sibling donors (MSD-HSCT) have been tried in
leukemias and B-cell lymphomas. Few studies were reported in Peripheral T-cell lymphomas (PTCLs). We performed a
multicenter retrospective study about 52 patients with PTCLs undergoing Haplo-HSCT (n ¼ 20) or MSD-HSCT (n ¼ 32). All
Haplo-HSCT recipients received antithymocyte globulin (ATG) based graft versus host disease (GVHD) prophylaxis.
The median follow-up for all survivors was 38 months. The 100-day cumulative incidence of grade II to IV acute GVHD was
similar (19% in the MSD-HSCT group versus 28% in the Haplo-HSCT group, P ¼ 0.52). The 2-year cumulative incidence of
chronic GVHD (limited and extensive) after Haplo-HSCT (30%) was also similar with that in the MSD-HSCT group
(50%, P ¼ 0.15). The 3-year relapse rates (33% vs 27%, P ¼ 0.84) and non-relapse mortality (21% vs 22%, P ¼ 0.78) did not
differ between these two groups. There were also no differences in 3-year overall survival (OS) (48% vs 50%, P ¼ 0.78) and
progression-free survival (47% vs 51%, P ¼ 0.95) between these two groups. On multivariate analysis, prognostic index for
T-cell lymphoma (PIT) score (higher than 1: hazard ratio [HR], 4.0; P¼ 0.003) and disease status (stable or progression disease
before HSCT: HR, 2.8; P¼ 0.03) were independent variables associated with worse OS. We concluded that ATG-based haplo-
HSCT platform could work as an alternative to MSD-HSCT for patients with PTCLs.
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Abbreviations
Auto-HSCT, autologous hematopoietic stem cell transplantation; Allo-HSCT, allogenic HSCT; PTCLs, peripheral T-cell
lymphomas; OS, overall survival; PFS, progression free survival; NRM, non-relapse mortality; CR, complete remission; PR,
partial remission; SD, stable disease; PD, progression disease; NHL, non-Hodgkin’s lymphomas; PTCL-NOS, peripheral T-cell
lymphoma not otherwise specified; NK/TCL, NK/T-cell lymphoma; ALCL, anaplastic lymphoma kinase (ALK)positive or
negative anaplastic large cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; HSL, hepatosplenic g/dlymphoma;
CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone; NA, not available; TBI/Cy, total body irradiation,
cyclophosphamide; Bu/Cy, busulfan, cyclophosphamide; BEAM, semustine, carmustine, etoposide, cytarabine, melphalan;
FB, fludarabine, busulfan; HLA, human leukocyte antigen; GVHD, graft-versus-host disease; CSA, cyclosporine; MTX, metho-
trexate; ATG, antithymocyte globulin; MMF, mycophenolate mofetil.

Introduction

Peripheral T-cell lymphomas (PTCLs) are a group of malig-

nancies with great heterogeneity in morphology, pathophy-

siology, immunophenotypes, molecular and clinical

characteristics, and geographic distribution. PTCLs account

for less than 15% of all non-Hodgkin’s lymphomas (NHL) in

Western countries1. However, the incidence is approxi-

mately 25%–30% in East Asia, where EBV-associated

NK/T-cell lymphomas are more frequent2,3. In east Asia,

more than 90% of PTCLs are peripheral T-cell lymphoma

not otherwise specified (PTCL-NOS), anaplastic lymphoma

kinase (ALK)-positive or negative anaplastic large cell lym-

phoma (ALCL), angioimmunoblastic T-cell lymphoma

(AITL), and NK/T-cell lymphoma (NK/TCL). Less frequent

subtypes include hepatosplenic g/d lymphoma (HSL),

enteropathy-type T-cell lymphoma, and subcutaneous-like

T-cell lymphoma.

Except for patients with ALK-positive ALCL, the prog-

nosis of PTCLs patients was generally poor with standard

first-line treatment using CHOP (cyclophosphamide, doxor-

ubicin, vincristine, and prednisolone) or CHOP-like regi-

mens1,4,5. With the rapid growth of knowledge about

(epi)genetic changes in PTCLs, more drugs have been inves-

tigated and approved for clinical use6. With the exception of

brentuximab vedotin (BV) showing great efficacy in

CD30-expressing PTCLs7, few of these novel agents were

reported to significantly improved the survival of PTCLs

patients8,9. Autologous hematopoietic stem cell transplanta-

tion (auto-HSCT) was still recommended as the consolida-

tion treatment for most histological subtypes9,10. As a

valuable treatment option, allo-HSCT has been investigated

for patients with refractory or relapsed PTCLs over decades.

About one half of the patients with relapsed or refractory

PTCLs can obtain long-term survive by allo-HSCT6,9. Prog-

ress in supportive care and transplant techniques has greatly

decreased transplantation-related complications and

expanded the eligibility of allo-HSCT. There has been con-

vincing evidence that Haplo-HSCT can achieve comparable

outcomes with MSD-HSCT for lymphomas11,12. However,

there is yet no comparative study about haplo-HSCT versus

MSD-HSCT in PTCLs. Herein, in this study, we conducted a

multicenter retrospective analysis of 52 patients with PTCLs

who underwent haplo-HSCT or MSD-HSCT in 8 hospitals

across China between July, 2007 and June, 2017.

Materials and Methods

Study Design and Population

Consecutive patients with PTCLs who received their allo-

HSCT between July 2007 and June 2017 at 8 tertiary hospi-

tals across China were analyzed. All diagnosis of these

patients was initially confirmed by hematopathologists at

each hospital, and then was centrally reviewed again accord-

ing to the 2016 edition of the WHO classification of

lymphoid neoplasms. Exclusions were patients received

(1) allo-HSCT other than Haplo-HSCT or MSD-HSCT;

(2) non-myeloablative conditioning regimens; (3) prior auto

or more than one allo-HSCT. All patients signed consent

forms for the retrospective collection and use of their data.

This study was reviewed and approved by the Medical Ethics

Review Boards at each center.

HLA Matching and Stem Cell Collection

All patients and donors were examined with high-resolution

DNA-typing techniques. HLA-matched related donors were

considered when they were compatible with the recipient for

all the 10 allelic levels. All donors were selected based on

HLA-matched loci, younger age, male sex and better perfor-

mance status. In case HLA-matched related or unrelated

donors were unavailable, haplo-HSCT was considered as

an alternative. All donors were mobilized with recombinant

human G-CSF (Filgrastim, Kyowa Kirin, Tokyo, Japan;

5 mg/kg/day) for 5 to 6 consecutive days. Stem cell harvests

were collected from the peripheral blood on the fifth day and

continued until sufficient number of cells was achieved.

The threshold was >5 � 108/kg of recipient weight for

mononuclear cells and >2 � 106/kg of recipient weight for

CD34þ cells.

Conditioning Regimens and GVHD Prophylaxis

Allo-HSCT that using nonmyeloablative or reduced condi-

tioning regimens was not routinely performed at these 8 med-

ical centers. Auto-HSCT and myeloablative allo-HSCT were

their mainly procedures. So, all allo-HSCT included in this
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study were myeloablative conditioning regimens (MAC).

Three main regimens were as follows13: (1) modified BuCy

regimen: busulfan (9.6 mg/kg, intravenously, days

�10 to �8), carmustine, (250 mg/m2, days �5), cytarabine

(4 g/m2, days �7 to �6), cyclophosphamide (100 mg/kg,

days �4 to �3); (2) modified FB regimen: substitution of

cyclophosphamide in BuCy with fludarabine (150 mg/m2,

days �7 to �3); (3) TBIþCy: total body irradiation (TBI,

8–10 Gy, days �7 to �6), cyclophosphamide (100 mg/kg,

days �4 to �3). All recipients received cyclosporine A

(CsA), short-term methotrexate (MTX) and mycophenolate

mofetil (MMF) based regimens. ATG (Thymoglobulin,

rabbit; Genzyme Europe B.V., Naarden, the Netherlands,

10mg/kg, days�5 to�2) was additionally used in haplo-HSCT.

Definitions and Statistics

Demographic and transplantation-related characteristics of

patients were collected. Neutrophil engraftment, platelet

engraftment, aGVHD, and cGVHD (limited or extensive)

were evaluated and graded according to international cri-

teria14,15. Patients’ responses were basically evaluated with

computed tomography (CT) scan, or positron emission

tomography (PET), and bone marrow aspiration or biopsy

for patients with bone marrow involvement before HSCT.

Responses to therapy were evaluated according to the Inter-

national standards16. GVHD-free/relapse-free survival

(GRFS) was refined as survival without the following

events: grade 3-4 acute GVHD, cGVHD requiring systemic

immunosuppressive treatment, disease relapse, or death

from any cause after allo-HSCT.17 Response evaluations

were performed before and 3 to 6 months after allo-HSCT,

and thereafter every half-year unless clinically indicated.

Descriptive analyses methods were used to show base-

line characteristics of patients. Overall survival (OS) and

progression free survival (PFS) were primary outcomes.

And secondary outcomes were non-relapse mortality

(NRM) and relapse (progression). OS and PFS was cal-

culated with the Kaplan-Meier method and compared

using the log-rank test. For NRM, relapse, and GVHD,

their cumulative incidences were estimated with

competing-risk analysis and compared with Gray’s test.

The following variables were tested in univariate analy-

sis: age, sex, type of HSCT, bone marrow involvement at

diagnosis, prognostic index for T-cell lymphoma (PIT)

score, disease stage at diagnosis, cycles of therapy before

HSCT, remission status before HSCT, and time from

diagnosis to HSCT. Cox multivariate analysis was used

to identify any significant associations between variables

and the outcomes of interest; Variables with a

p value < 0.50 were entered in Cox multivariate analysis,

and only those with p value � 0.05 were retained in the

final model. All analysis was performed with R software,

version 2.12.

Results

Baseline and Treatment-Related Characteristics

A total of 52 consecutive patients with PTCLs were analyzed

including MSD-HSCT (n ¼ 32) and ahaplo-HSCT (n ¼ 20).

Baseline patient- and transplantation-related characteristics

were shown in Table 1. Most patients in the two cohorts were

male, were diagnosed with B symptoms or extranodal invol-

vement, and had higher index scores or advanced disease.

There were no significant differences in most variables.

However, recipients of Haplo-HSCT all received ATG-

based GVHD prophylaxis (P¼ 0.001), and were more likely

to be diagnosed with BM involvement before transplantation

(P ¼ 0.03).

Engraftments and GVHD

The cumulative incidence of neutrophil and platelet engraft-

ment at day 28 were similar between Haplo-HSCT and

MSD-HSCT group. Data on neutrophil recovery were miss-

ing in 4 patients (1 in the MSD-HSCT group and 3 in the

Haplo-HCT group). The median time of neutrophil engraft-

ment in the Haplo-HSCT group was 13 days (range: 10–

22 days), which was similar to the 14 days in the MSD-

HSCT group (range: 9–27 days, P ¼ 0.61). Data on platelet

engraftment was missing in three patients (1 in the MSD-

HSCT group and 2 in the Haplo-HCT group). No difference

was observed in the median time of platelet engraftment:

13 days (range: 9–35) in the Haplo-HSCT group versus

16 days (10–38 days) in the MSD-HSCT group (P ¼ 0.29).

All patients in both groups had full donor chimerism at day 28

evaluation after transplantation.

The 100-day cumulative incidence of II-IV aGVHD for

the entire group was 23% (95% confidence interval [CI],

13%–35%) and was similar between these two groups

(19% [95% CI, 8%–35%]) in the MSD-HSCT group versus

28% [95% CI, 10%–50%] in the Haplo-HSCT group,

P ¼ 0.52, Fig. 1A). The cumulative incidence of limited and

extensive chronic GVHD at 2 years was 40% (95%
CI, 26%–52%) for the entire group. The 2-year incidence

of cGVHD in the Haplo-HSCT group (30% [95% CI,

10%–53%]) was also similar with that in the MSD-HSCT

group (50% [95% CI, 31%–67%], P ¼ 0.15, Fig. 1B).

NRM and Relapse

The 3-year cumulative incidence of NRM was 22% (95% CI,

6%–43%) in the haplo-HSCT group, compared with 21%
(95% CI, 8%–37%) in the MSD-HSCT group (P ¼ 0.78;

Table 2; Fig. 2A). Further univariate and multivariate anal-

ysis were performed for NRM. But none of the variables

tested were identified to significantly affect NRM rate in

multivariate analysis (Table 2 and Supplemental Table 2).

The cumulative incidence of relapse/progression at

3 years was 29% (95% CI, 27%–42%) for the entire popu-

lation. Univariate analysis showed that there was no
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difference in 3-year relapse rate between these two groups

(27% [95% CI, 9%–48%] for Haplo-HCT recipients versus

33% in the MSD group [95% CI, 17%–50%], p¼ .80,

Fig. 2B). PIT score was the only independent variable pre-

dicting higher risk of relapse (HR, 6.8; 95% CI, 1.2%–41%;

P ¼ 0.03, Table 2 and Supplemental Table 2).

The causes of dead were listed in Supplemental Table 1.

Disease progression were the common cause of death in both

groups. Other causes in the MSD-HSCT group were hemor-

rhage (n ¼ 3), multiorgan dysfunction (n ¼ 2), GVHD

(n ¼ 1), and infection (n ¼ 1). Five patients in the haplo-

HSCT group died of transplantation related complications:

multiorgan dysfunction (n ¼ 3), GVHD (n ¼ 1), infection

(n ¼ 1).

Survival

With a median follow-up of 38 (range: 2–112) months for all

survivors, the 3-year OS for the entire group was 50% (95%
CI, 37%–67%). There was no significant difference in 3-year

OS between these two groups (49.9% [95% CI, 31%–80%]

for Haplo-HSCT versus 48.2% [95% CI, 33%–71%] for

MSD-HSCT, P ¼ 0.78, Fig. 3A). Bone marrow involvement

and higher PIT score were associated with inferior survival in

univariate analysis (Table 1). On Cox multivariate analysis,

PIT score (HR, 4.0; 95% CI, 1.6%–9.9%; P ¼ 0.003, Supple-

mental Table 2) was an independent inferior predictor of

inferior 3-year OS. Additionally, remission status (HR, 2.8;

95% CI, 1.1%–%6.9; P ¼ 0.03, Supplemental Table 2) was

another independent factor associated with survival.

The 3-year PFS was not significantly different between these

two groups (51% [95% CI, 33%–90%] in the Haplo-HSCT

Table 1. Baseline and Transplant Characteristics of Patients
Receiving According to the Type of Donor.

Characteristic
Haploidentical

No. (%)
HLA-Identical
sibling No. (%) p

No. of patients 20 32
Sex 0.61

Male 3 (15.0) 8 (25.0)
Female 17 (85.0) 24 (75.0)

Median age at HSCT (range) 25 (13–54) 42.5 (13–59) 0.71
Histology 0.06

PTCL-NOS 5 (25.0) 7 (21.9)
AITL 0 (0) 7 (21.9)
Alk-pos ALCL 3 (15.0) 0 (0)
Alk-neg ALCL 1(5.0) 2 (6.3)
NK/T lymphoma 7 (35.0) 12 (37.5)
other 4a (20.0) 4b (12.5)

B symptoms at diagnosis 13(68.4) 21 (65.6) 0.84
BM involvement at diagnosis 12 (60.0) 9 (29.0) 0.03
CNS involvement at

diagnosis
1 (5.3) 1 (3.2) 1.00

Extranodal involvement at
diagnosis

14 (70.0) 23 (71.9) 0.89

aaIPI score �2 12 (80.0) 16 (53.3) 0.08
PIT score �1 7 (53.8) 9 (30.0) 0.25
Disease stage at diagnosis

I*II 0 (0) 3 (9.4) 0.29
III*IV 19 (100) 29 (90.6)
Unknown 1 0

Cycles of therapy before
HSCT
�5 8 (57.1) 15 (51.7) 0.74
>5 6 (42.9) 14 (48.3)
Unknown 6 3

Lines of therapy before
HSCT

0.42

�2 10 (71.4) 17 (58.6)
>2 4 (28.6) 12 (41.4)
Unknown 6 3

Median time from diagnosis
to HSCT, months,
(range)

6.5 (1–39) 6 (2–13) 0.30

Disease status at HSCT 0.09
CR 4 (20.0) 4 (12.5)
PR 12 (60.0) 11 (34.4)
SD 0 (0) 5 (15.6)
PD 4 (20.0) 12 (37.5)

Conditioning regimens 0.45
TBI/Cy based 10 (52.6) 19 (59.4)
BuCy based 6 (31.6) 6 (18.8)
FB based 1 (5.3) 5 (15.6)
BEAM 2 (10.5) 1 (3.1)
Others 0(0) 1 (3.1)
Unknown 1 0

GVHD prophylaxis 0.001
CSAþMTX 0 (0) 6 (18.8)
ATGþ CSAþMTX 1 (5.3) 0 (0)
CsAþMTXþMMF 0 (0) 24 (75.0)
ATGþ CSAþMTXþMMF 15 (78.9) 1 (3.1%)
Other 3 (15.8) 1 (3.1%)
Unknown 1 0

(continued)

Table 1. (continued)

Characteristic
Haploidentical

No. (%)
HLA-Identical
sibling No. (%) p

Status at last contact 0.94
Dead 9 (47.4) 15 (48.4)
Alive 10 (52.6) 16 (51.6)
Lost to follow up 1 1

HSCT, hematopoietic stem cell transplantation; PTCL-NOS, peripheral
T-cell lymphoma not otherwise specified; AITL, angioimmunoblastic T-cell
lymphoma; AITL, angioimmunoblastic T-cell lymphoma; ALK-pos ALCL,
anaplastic lymphoma kinase positive anaplastic large cell lymphoma; ALK-
neg ALCL, ALK-negative ALCL; BM, bone marrow; CNS, central nervous
system; aaIPI, age adjusted international prognostic index; PIT, prognostic
index of T-cell non Hodgkin lymphoma; CR, complete remission; PR, partial
remission; SD, stable disease; PD, progression disease; TBI/Cy, total body
irradiation, cyclophosphamide; Bu/Cy, busulfan, cyclophosphamide; BEAM,
semustine/carmustine, etoposide, cytarabine, melphalan; FB, fludarabine,
busulfan; HLA, human leukocyte antigen; GVHD, graft-versus-host disease;
CSA, cyclosporine; MTX, methotrexate; ATG, antithymocyte globulin;
MMF, mycophenolate mofetil. a Hepatosplenic g/d T-cell lymphoma(n ¼
1), Subcutaneous panniculitis-like T-cell lymphoma(n ¼ 2), primary cuta-
neous invasive epidermo-tropic CD8 positive cytotoxicity T-cell lympho-
ma(n ¼ 1). b: Hepatosplenic g/d T-cell lymphoma(n ¼ 3), Subcutaneous
panniculitis-like T-cell lymphoma(n ¼ 1).
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Figure 1. (A) Cumulative incidence of 100-day grade II-IV acute graft versus host disease (aGVHD) after allo-HSCT. (B) Cumulative
incidence of 2-year limited and extensive chronic GVHD (cGVHD) after allo-HSCT. The cumulative incidences of both aGVHD and cGVHD
were estimated with competing-risk analysis and compared with Gray’s test. Haplo-HSCT, allo-HSCT with HLA-haploidentical donors;
MSD-HSCT, allo-HSCT with HLA matched sibling donors.

Table 2. Univariate Analysis of Clinical Outcomes of Patients with PTCLs After allo-HSCT.

Characteristic
3-year relapse, %,

95% CI
p

value
3-year NRM, %,

95% CI
p

value
3-year PFS, %,

95% CI
p

value
3-year OS, %,

95% CI
p

value

Age
�40 40 (23–56) 0.16 13 (4–28) 0.14 47 (29–64) 0.92 53 (34–69) 0.67
>40 22 (7–43) 33 (13–55) 45 (22–66) 44 (21–65)

Sex
Female 45 (17–71) 0.21 25 (12–21) 0.29 45 (27–60) 0.72 49 (31–64) 0.53
Male 30 (16–35) 9 (0.5–33) 46 (17–71) 46 (17–71)

HSCT type
MSD-HSCT 33 (17-50) 0.80 21 (8-37) 0.78 47 (32-69) 0.95 48 (33-71) 0.78
Haplo-HSCT 27 (10-48) 22 (6–43) 51 (33-80) 50 (31–80)

BM involvement at
diagnosis
Yes 41 (19-63) 0.29 30 (12-51) 0.15 29 (14–58) 0.02 26 (12 -58) 0.01
No 25 (11-42) 16 (5-33) 60 (43–82) 63 (46–84)

PIT score
�1 22 (9–39) 0.02 16 (5–33) 0.66 62 (46-84) 0.009 65 (49–87) 0.008
>1 56 (28-78) 19 (4-41) 25 (11-58) 23 (9-58)

Disease stage at diagnosis
I*III 27(8-50) 0.65 8(0.4-32) 0.12 65 (44-96) 0.09 65 (44-96) 0.11
IV 35 (18-51) 24(11-40) 41 (27-63) 41 (26-65)

Cycles of therapy before
HSCT
�5 40 (20-59) 0.64 20 (5-41) 0.88 41 (24-69) 0.71 44 (27-73) 0.91
>5 32 (13-53) 16 (4-36) 53 (34-81) 53 (34-81)

Disease status at HCT
CR/PR 26 (11-43) 0.27 24 (9-43) 0.83 50 (34-75) 0.37 52 (35-78) 0.23
PD/SD 37 (18-59) 19 (6-38) 42 (26-70) 42 (26-70)

Time from diagnosis to
HSCT
�6 37 (18-57) 0.52 25(10-44) 0.37 38 (22-64) 0.22 39 (23-66) 0.35
>6 26 (10-45) 13 (3-30) 61(44-84) 61(44-84)

Abbreviations: PTCLs, peripheral T-cell lymphomas; allo-HSCT, hematopoietic stem cell transplantation; NRM, non-relapse mortality; PFS, progression free
survival; OS, overall survival, CI, confidence interval; MSD-HSCT, allo-HSCT with HLA matched sibling donors; Haplo-HSCT, allo-HSCT with HLA-
haploidentical donors; MSD-HSCT; BM, bone marrow; PIT, prognostic index of T-cell non Hodgkin lymphoma; CR, complete remission; PR, partial remission;
SD, stable disease; PD, progression disease.
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groups versus 47% [95% CI, 32%–69%] in the MSD-HSCT

group, P ¼ 0.95, Table 2 and Fig. 3B). And this was also

confirmed in multivariate analysis (HR, 1.1; 95% CI, 0.40 to

3.3; P ¼ 0.80; Supplemental Table 2). Higher PIT score

remained to be the only independent variable associated with

worse PFS (p < 0.0001, Supplemental Table 2). There was no

statistical difference in the term of GRFS between the 2 groups

(34% (95% CI, 14%–56%) in the haplo-HSCD group versus

20% (95% CI, 8%–36%) in the MSD-HSCT group, P ¼ 0.99,

Supplemental Fig. 1).

Discussion

The outcome of first-line chemotherapy is far from optimal

until today for most PTCLs subtypes. Allo-HSCT remains a

valuable treatment to achieve longer survival or cure this

disease9. Because of the relative rarity of this disease, com-

parative study about Haplo-HSCT versus MSD-HSCT was

rare. To the best of our knowledge, this is the first study that

compared outcomes of patients with PTCLs undergoing

Haplo-HSCT using ATG-based GVHD prophylaxis with the

outcomes of patients received MSD-HSCT in the setting of

Figure 3. Kaplan-Meier survival analysis. (A) The 3-year overall survival (OS) was 49.9% (95% CI, 31%–80%) in the Haplo-HSCT group
versus 48.2% (95% CI, 33%–71%) in the MSD-HSCT group. (B) The 3-year progression free survival (PFS) was 51% (95% CI, 33%–90%) in the
Haplo-HSCT groups versus 47% (95% CI, 32%–69%) in the MSD group. Haplo-HSCT, allo-HSCT with HLA-haploidentical donors; MSD-
HSCT, allo-HSCT with HLA matched sibling donors.

Figure 2. (A) The cumulative incidence of non-relapse mortality (NRM) at 3-year was 22% (95% CI, 6%–43%) in the haplo-HSCT group
versus 21% (95% CI, 8%–37%) in the MSD-HSCT group. (B) The 3-year relapse rate was 27% (95% CI, 9%–48%) in the Haplo-HCT group
versus 33% (95% CI, 17%–50%) in the MSD group. The cumulative incidences of both NRM and relapse were estimated with competing-risk
analysis and compared with Gray’s test. Haplo-HSCT, allo-HSCT with HLA-haploidentical donors; MSD-HSCT, allo-HSCT with HLA
matched sibling donors.
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myeloablative conditioning regimens. Our results suggested

that ATG-based Haplo-HSCT can obtain similar outcomes

comparable to MSD-HSCT in terms of engraftment,

aGVHD, risk of relapse and NRM, and survival.

Although there were no significant differences in most

variables in baseline characteristics, more patients seemed

to be chemosensitive before transplantation in the

haplo-HSCT group and they received haplo-HSCT as a con-

solidation. Disease status was not statistically different in

univariate analysis probably because of the small number

of patients included. Most PTCLs were associated with an

aggressive nature, somehow like acute leukemia. If auo-

HSCT failed, it was more likely that there was no time or

chance for allo-HSCT. It was reasonable to receive allo-

HSCT as consolidation for patients with high risk disease.

With a median follow-up of 38 months for survivors, the

3-year OS for the whole population was 50% in our study.

It was similar to results of large retrospective studies from

CIBMTR18, Asia19, and Europe20. In particular, quite a num-

ber of allo-HSCT in the above studies received non-

myeloablative or reduced conditioning regimens (RIC). All

allo-HSCT in this study were MAC. Until now, there were

few studies focusing on patients of PTCLs undergoing allo-

HSCT in the setting of MAC. The 3-year relapse rate in our

study was 29%, similar to the reported 32% in the specific

set of MAC subgroup from the CIBMTR study18. The 3-year

NRM (22%) in this study was lower than that (32%) in the

MAC subgroup of the CIBMTR study, somehow reflecting

the improvement in allogeneic transplant techniques.

With the advantage that nearly everyone can have a donor

from his or her family members, there is a significant growth

in the number of Haplo-HSCT both in China and western

countries. And also, preparation of an HLA haploidentical

donor takes only 2-3 weeks. It’s more meaningful for

patients with aggressive diseases like PTCLs. Currently,

there are two haplo-HSCT platforms: haplo-HSCT with

ATG-based GVHD prophylaxis and the haplo-HSCT plat-

form using post-transplant cyclophosphamide regimen.

The relative efficacy of haplo-HSCT versus MSD-HSCT

had been compared in both of the two platforms11,12,21–26,

but were mainly restricted in leukemias and B-cell lympho-

mas. Our study provided evidence that haplo-HSCT using

myeloablative ATG-based GVHD prophylaxis regimens can

also achieve similar outcomes comparable to MSD-HSCT in

the specific set of patients with PTCLs.

In our study, there was no significant difference in the

incidence of II-IV aGVHD between the haplo-HSCT (28%)

and MSD-HSCT group (19%). However, previous studies

indicated that the incidence of aGVHD after haplo-HSCT

seemed to be higher than that in the MSD-HSCT22,27,28.

One possible reason is that the above reports are results

about patients in leukemia or severe aplastic anemia. Our

study was focusing on patients with PTCLs. Secondly, the

sample size in our study was smaller than that in the above

reports. Although there was no significant difference in the

incidence of cGVHD, the cumulative incidence of limited

and extensive cGVHD seemed to be a litter lower (30% vs

50%). Unlike in the PT-Cy based Haplo-HSCT platform,

where cGVHD was lower than that after MSD-HSCT29, the

relative rates of cGVHD after ATG-based haplo-HSCT ver-

sus MSD-HSCT were not confirmed until now28.

There was also no difference in NRM rate (22% vs 21%).

The 3-year NRM in the haplo-HSCT group seemed to be a

little higher than that with ATG-based Haplo-HSCT regi-

mens in leukemia30. But it was acceptable. Because remis-

sion status before HSCT for PTCLs patients was worse than

that in the above studies for patients with leukemia. In sup-

port of the similar efficacy of ATG-based Haplo-HSCT, no

significant difference was noted in relapse rates (27%
vs33%). Nevertheless, lymphoma relapse or progression was

the major cause of death in both groups. Large prospective

studies are needed to answer the question whether ATG-

based Haplo-HSCT have a stronger GVL effect than

MSD-HSCT in PTCLs, which had been implicated in acute

leukemia31–33.

The 3-year OS and PFS after haplo-HSCT was similar to

that after MSD-HSCT in our study, which were also con-

firmed in multivariate analysis. And PIT score was identified

as the main factor affecting the clinical outcome in relapse,

PFS and OS. Together with previous studies4,34,35, these

results provide evidence about the prognostic value of PIT

score in PTCLs. Additionally, Remission status before trans-

plantation was another independent viable affecting OS in

our study. Our finding was in accordance with large registry

study, supporting supports the importance of better disease

control before HSCT18,19.

Similar to other retrospective studies, there are limitations

in this study. Although we enrolled patients from 8 medical

centers across China, the total number of patients was still

small. Due to the lower statistical power, it is difficult to find

minor differences. Secondly, the comparison in our study

was subject to some selection bias because of preferences

of each center or physicians due to the complex criteria for

allo-HSCT. Finally, although the basalline characteristics

were not significantly different between these two groups,

there were still some heterogeneity in different subtypes of

lymphoma, disease status before HSCT, and conditioning

regimens. Our analysis should be interpreted with some cau-

tion and need to be confirmed in large prospective studies.

In summary, our analysis suggests that myeloablative

ATG-based haplo-HSCT platform could achieve similar sur-

vival outcome with that after MSD-HSCT in the specific

setting of PTCLs. When an HLA MSD donor was not avail-

able, HLA haploidentical donors using ATG based platform

can work as an alternative for patients with PTCLs. For

patients with aggressive diseases like PTCLs, it may get

some benefit from rapid allo-HSCT with ATG-based

halplo-HSCT platform. All of these needed to assessed in

randomized prospective studies.
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