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ABSTRACT

G

raft-versus-host disease (GvHD) prophylaxis for unmanipulated
haploidentical hematopoietic cell transplantation includes posttransplant cyclophosphamide (PTCy) and anti-thymocyte globulin (ATG). Utilizing data in the European Society for Blood and Marrow
Transplantation registry, we compared ATG- versus PTCy-based GvHD
prophylaxis in 434 adults with acute lymphoblastic leukemia undergoing haploidentical hematopoietic cell transplantation. Of the 434
patients included in this study, ATG was used in 98 and PTCy in 336..
The median follow-up was approximately 2 years. The baseline characteristics of the patients were similar between the groups except that the
ATG group was more likely to have had relapsed/refractory acute lymphoblastic leukemia (P=0.008), had conditioning not including total
body irradiation (P<0.001), have had peripheral blood as the source of
their grafts (P≤0.001) and to have been transplanted in an earlier timeperiod (median year of transplantation: 2011 vs. 2015). The 100-day
rates of grade II-IV and III-IV acute GvHD were similar in the ATG and
PTCy groups, as were 2-year chronic GvHD rates. On multivariate
analysis, leukemia-free survival and overall survival were better with
PTCy than with ATG prophylaxis. Relapse incidence was lower in the
PTCy group (P=0.03), while non-relapse mortality was not different.
Advanced disease and lower performance score were associated with
poorer leukemia-free survival and overall survival and advanced disease
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was associated with inferior GvHD-free/relapse-free survival. Compared to bone marrow grafts,
peripheral grafts were associated with higher rates of GvHD. In patients with acute lymphoblastic
leukemia undergoing unmanipulated haploidentical hematopoietic cell transplantation, PTCy for GvHD
prevention resulted in a lower incidence of relapse and improved leukemia-free survival and overall survival, compared to ATG.

Introduction
Despite significant advances in the management of
adult acute lymphoblastic leukemia (ALL), disease relapse
remains a significant impediment to long-term leukemiafree survival,1 especially in adult patients aged >20 years
and in those with advanced (relapsed/refractory) disease.2
Although fraught with challenges of disease relapse and
non-relapse mortality, allogeneic hematopoietic cell
transplantation (HCT) is a potentially curative option for
these patients, and is often considered in high-risk and
advanced ALL.2-4 In the absence of a suitable HLAmatched donor, allogeneic transplantation from a related
haploidentical donor can be considered and such donors
are a readily available source of grafts for most patients
irrespective of racial/ethnic background. Indeed, the use
of haploidentical HCT has increased steadily over the
years in various hematologic malignancies including
acute leukemia.4,5 To mitigate the risk of greater HLA-disparity and resultant graft rejection and graft-versus-host
disease (GvHD) which were seen with haploidentical
HCT, T-cell depletion was used historically, but this
strategy was associated with higher risks of non-relapse
mortality, disease relapse and delayed immune reconstitution.6-9
The use of unmanipulated, T-cell-replete grafts has
revived haploidentical transplantation. Immunosuppression
using anti-thymocyte globulin (ATG) in this setting has
shown favorable results.10,11 Wang et al. conducted a biologically randomized trial, specifically in ALL patients in first
complete remission, comparing matched sibling donor versus haploidentical donor transplantation using ATG-based
GvHD prophylaxis and reported a similar 3-year leukemiafree survival (60% vs. 61% by the intention-to-treat analysis). The administration of post-transplant cyclophosphamide (PTCy) after an unmanipulated haploidentical
allograft has shown favorable results and has become widely utilized in the past decade.12,13 Registry data also support
unmanipulated haploidentical HCT as a viable treatment
option for ALL patients.14,15
Although both strategies are effective as GvHD prophylaxis, there is a paucity of comparative data on ATG
versus PTCy in haploidentical transplantation. Ruggeri et
al. conducted a retrospective study using data from the
European Society for Blood and Marrow Transplantation
(EBMT) registry on 308 patients with acute myeloid
leukemia, and compared outcomes between those given
ATG (n=115) or PTCy (n=193) as a GvHD prevention
strategy. On multivariate analysis, compared to ATG,
PTCy use was associated with significantly better
leukemia-free survival (P=0.03) and GvHD-free/relapsefree survival (GRFS) (P=0.03). To our knowledge, no studies have reported comparative data between ATG and
PTCy platforms in ALL patients undergoing haploidentical transplantation.16 We used the EBMT database to conduct a comparative analysis between ATG and PTCy
strategies in ALL patients undergoing haploidentical HCT
1592

using bone marrow or peripheral blood as the source of
hematopoietic cells for the graft.

Methods
Data source and patients
This is a retrospective multicenter analysis using the dataset of
the Acute Leukemia Working Party of the EBMT group registry.
The EBMT is a voluntary working group of more than 600 transplant centers that are required to report, annually, all consecutive
hematopoietic cell transplants and follow-ups. Audits are performed routinely to determine the accuracy of the data. The study
was planned and approved by the Acute Leukemia Working Party
of the EBMT. In addition, the study protocol was approved by the
institutional review board at each site and complied with countryspecific regulatory requirements. The study was conducted in
accordance with the Declaration of Helsinki and Good Clinical
Practice guidelines.
The subjects included in this analysis were adults (≥18 years)
with ALL who underwent their first haploidentical HCT between
2007 and 2017, were reported to the ''Promise'' database of the
EBMT and received either ATG or PTCy as a GvHD prevention
strategy. Recipients of haploidentical transplantation (mismatched
by at least two or more HLA-loci to donors) received unmanipulated, bone marrow or peripheral blood grafts with additional
GvHD prophylaxis, which consisted predominantly of a calcineurin inhibitor plus mycophenolate mofetil or a calcineurin
inhibitor plus methotrexate. Patients who received grafts that had
been manipulated ex vivo (T-cell-depleted or CD34-selected grafts)
or who received both ATG and PTCy (n=37) were excluded.

Study endpoints and definitions
The primary endpoint for this study was leukemia-free survival.
Secondary endpoints were acute GvHD, chronic GvHD, relapse
incidence, non-relapse mortality, GRFS and overall survival.
Refined GRFS was defined as survival without the following
events: grade III or IV acute GvHD, severe chronic GvHD, disease
relapse, or death from any cause after haploidentical HCT.17,18
Leukemia-free survival was calculated until the date of first
relapse, death from any cause or the last follow-up for patients
alive in complete remission. Relapse was defined as disease recurrence and appearance of blasts in the peripheral blood or bone
marrow (>5%) after having achieved complete remission. Nonrelapse mortality was defined as death from any cause other than
relapse. Acute GvHD was graded according to the modified
Seattle Glucksberg criteria19 and chronic GvHD according to the
revised Seattle criteria.20 The conditioning regimen was defined as
myeloablative when it contained total body irradiation (TBI) at a
dose >6 Gray or a total dose of busulfan >8 mg/kg (orally) or >6.4
mg/kg (intravenously). All other conditioning regimens were
defined as reduced intensity.21 Neutrophil engraftment was
defined as the first of 3 successive days with an absolute neutrophil count ≥500/mL.

Statistical analysis
Patient-, disease-, and transplant-related characteristics for the
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two cohorts (reducing intensity/myeloablative conditioning) were
compared using χ2 statistics for categorical variables and the
Mann-Whitney test for continuous variables. Survival statistics
(leukemia-free survival, overall survival and GRFS) were estimated
by the Kaplan-Meier method. Cumulative incidence functions
were used to estimate neutrophil engraftment, acute GvHD,
chronic GvHD, relapse incidence and non-relapse mortality.
Competing risks were death for engraftment and relapse incidence, relapse for non-relapse mortality, and relapse or death for
acute and chronic GvHD. Univariate analysis (Online
Supplementary Table S1) was carried out using the log-rank test for
GRFS, overall survival and leukemia-free survival, and the Gray
test for cumulative incidence functions. A Cox proportional hazards model was used for multivariate regression. All variables differing significantly between the two groups or factors associated
with one outcome in univariate analysis were included in the Cox
model. To test for a center effect, we introduced a random effect
or frailty for each center into the model.22,23 Results are expressed
as a hazard ratio (HR) with a 95% confidence interval (95% CI).
All tests were two-sided. The type I error rate was fixed at 0.05 for
the determination of factors associated with time-to-event outcomes. Statistical analyses were performed with SPSS 24.0 (SPSS
Inc, Chicago, IL, USA) and R 3.4.0 (R Core Team [2017]. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://www.Rproject.org/).

Results
Baseline characteristics
In all, 434 patients undergoing haploidentical HCT for
ALL were included in the study, which comprised two
groups divided according to which GvHD prophylaxis the
patients received: ATG (n=98) or PTCy (n=336). Baseline
patient-, disease- and transplantation-related characteristics are shown in Table 1. There were no significant differences between the groups in terms of patients’ age, gender, ALL subtype, Karnofsky Performance Score <90,
HCT-Comorbidity Index ≥3, donors’ age and donor-recipient combinations of sex and cytomegalovirus serological
status. ATG recipients were more likely to have
relapsed/refractory ALL compared to PTCy recipients
(30.6% vs. 16.4%, respectively; P=0.008). Although the
difference was not statistically significant, myeloablative
conditioning regimens were given to a greater proportion
of PTCy-treated patients than ATG-treated patients
(78.3% vs. 69.4%, respectively; P=0.07). The PTCy group
was more likely to have received TBI (45.2% vs. 26.5%;
P≤0.001). A TBI dose of ≥10 Gy was administered to
25.8% of the patients in the PTCy group and 14.3% of
those in the ATG group. Bone marrow was the graft
source in 52.1% and 31.6% of patients in the PTCy and
ATG groups, respectively (P≤0.001). ATG-based haploidentical transplants were carried out during an earlier
period (median year of transplant, 2011) compared to
PTCy-based transplants (median year of transplant, 2015)
(P≤0.0001). The median follow-up for survivors in the
ATG and PTCy groups was 55 months (range, 14-79) and
22 months (range, 12-37), respectively.

Engraftment
The cumulative incidence of engraftment at day 60 was
91.7% (95% CI: 83.7-95.8) and 92.5% (95% CI: 89-95) in
the ATG and PTCy groups, respectively (P=0.11).
haematologica | 2021; 106(6)

Table 1. Baseline patient-, donor- and transplant-related characteristics in the
entire cohort of haploidentical donor transplant recipients and groups stratified by graft-versus-host disease prevention strategy.

Baseline variable

All patients
N = 434

Recipients’age in years,
35.6 (18-76)
median (range)
Male recipient*, n (%)
274(63)
ALL subtype, n (%)
Ph-negative B-ALL
154 (35.4)
Ph-positive B-ALL
140 (32.3)
T-ALL
140 (32.3)
Remission status, n (%)
CR1
208 (47.9)
CR2 or beyond
141 (32.5)
Advanced (r/r)
85 (19.6)
KPS, n (%)
≥90
293 (72)
<90
114 (28)
Missing
27
Comorbidity Index, n (%)
≤2
188 (79)
≥3
50 (21)
Missing
196
Prior autologous
21 (4.8)
transplantation, n (%)
Conditioning intensity, n (%)
Myeloablative
331 (76.3)
Reduced intensity
103 (23.7)
Total body irradiation, n (%)
178 (41)
Additional GvHD prophylaxis, n (%)
Cyclosporine/MTX
23 (5.4)
Cyclosporine/MMF
205 (47.3)
Tacrolimus/MMF
88 (20.6)
Sirolimus/MMF
29 (6.8)
Cyclosporine/MMF/
45 (10.5)
MTX
Cyclosporine
16 (3.8)
Tacrolimus
10 (2.3)
Tacrolimus/sirolimus
4 (0.9)
MMF
3 (0.7)
Sirolimus
1 (0.2)
Tacrolimus/MMF/MTX
3 (0.7)
Missing
7
Graft source, n (%)
Bone marrow
206 (47.5)
Peripheral blood
228 (52.5)
Donors’ age in years,
40.2 (8-74)
median (range)
Female D → male R*, n (%) 122 (28.2)
D7R CMV status, n (%)
Negative/negative
57 (13.5)
Positive/negative
39 (9.3)
Negative/positive
59 (14)
Positive/positive
266 (63.2)
Missing
13
Year of transplant,
2015
median (range)
(2007-2017)
Follow-up in months, median 24.4 (12-40)
(range)

By GvHD prophylaxis
ATG, N=98 PTCy, N=336 P-value
35.5 (18-76)

36 (18-73)

0.93

61 (62.2)

213 (63.8)

0.78

34 (34.7)
36 (36.7)
28 (28.6)

120 (35.7)
104 (31.0)
112 (33.3)

0.51

41 (41.8)
27 (27.6)
30 (30.6)

167 (49.7)
114 (33.9)
55 (16.4)

0.008

64 (65.3)
23 (23.5)
11

229 (68.2)
91 (27.0)
16

0.71

27 (71.1)
11 (28.9)
60
5 (5)

161 (80.5)
39 (19.5)
136
16 (4.8)

0.19

68 (69.4)
30 (30.6)
26 (26.5)

263 (78.3)
73 (21.7)
152 (45.2)

0.07

14 (14.9)
4 (4.3)
3 (3.2)
21 (22.3)
40 (42.5)

9 (2.7)
201 (59.8)
85 (25.5)
8 (2.4)
5 (1.5)

6 (6.4)
1 (1.1)
1 (1.1)
0
1 (1.1)
3 (3.2)
4

10 (3)
9 (2.7)
3 (0.9)
3 (0.9)
0
0
3

31 (31.6)
67 (68.4)
43.4 (18-74)
30 (30.6)

0.8

<0.001
NA

175 (52.1) <0.001
161 (47.9)
39.7 (8-74) 0.38
92 (27.5)

0.55

19 (20.2)
38 (11.6)
0.19
9 (9.6)
30 (9.2)
12 (12.8)
47 (14.4)
54 (57.5)
212 (64.8)
4
9
2011
2015
<0.000
(2007-2017) (2008-2017)1
55 (14-79) 22 (12-37)

*Data on sex missing for two patients. GvHD: graft-versus-host disease; ATG: anti-thymocyte globulin; PTCy: post-transplant cyclophosphamide; ALL: acute lymphoblastic leukemia; Ph: Philadelphia
chromosome; CR1: first complete remission; CR2: second complete remission; r/r: relapsed/refractory; KPS: Karnofsky Performance Score; MTX: methotrexate; MMF: mycophenolate mofetil; NA: not
available; D: donor; R: recipient; CMV: cytomegalovirus.
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Acute and chronic graft-versus-host disease
The cumulative incidence of grade II-IV acute GvHD at
day 100 (Table 2) in the ATG group was 32.7% (95% CI:
23.4-42.3) compared to 30.5% (95% CI: 25.5-35.6) in the
PTCy group (P=0.37). The corresponding rates of severe
(grades III-IV) acute GVHD were 11.6% (95% CI: 6.118.9) and 14.1% (95% CI: 10.6-18.2) in the ATG and
PTCy groups respectively (P=0.56). On multivariate analy-

Table 2. Post-transplant outcomes (unadjusted) by graft-versus-host disease
prevention strategy.

Post-transplant outcomes*

ATG (95% CI)

PTCy (95% CI)

P-value

Engraftment
Acute GvHD II-IV
Acute GvHD III-IV
Chronic GvHD
Extensive chronic GvHD
Relapse incidence
Non-relapse mortality
Leukemia free survival
Overall survival
GvHD/relapse-free survival

91.7% (83.7-95.8)
32.7% (23.4-42.3)
11.6% (6.1-18.9)
27.7% (17.8-38.5)
7.8% (3.1-15.2)
43% (32-53.5)
32.9% (23.1-43.1)
24.1% (14.5-33.8)
27.4% (17.4-37.3)
20% (10.9-29.1)

92.5% (89-95)
30.5% (25.5-35.6)
14.1% (10.6-18.2)
31.7% (26.1-37.4)
12.1% (8.4-16.5)
33.8% (28.1-39.5)
26.7% (21.8-31.8)
39.6% (33.6-45.5)
48.4% (42.3-54.6)
31.8% (26.2-37.5)

0.11
0.37
0.56
0.58
0.37
0.11
0.23
0.007
0.001
0.04

*All outcomes are at 2 years except for acute graft-versus-host disease which is at 100 days after
transplantation. ATG: anti-thymocyte globulin; PTCy: post-transplant cyclophosphamide; 95% CI:
95% confidence interval; GvHD: graft-versus-host disease.

sis (Table 3) there was no difference in the risk of grade IIIV acute GVHD in the ATG group relative to the PTCy
group (HR=0.92, 95% CI: 0.55-1.51; P=0.73).
Independently of the GvHD prevention strategy, on multivariate analysis, the use of peripheral blood allografts
was associated with higher rates of grade II-IV acute
GvHD (HR=1.64, 95% CI: 1.06-2.53; P=0.03), whereas a
diagnosis of T-ALL (HR=0.52, 95% CI: 0.32-0.85; P=0.008)
and reduced intensity conditioning (HR=0.57, 95% CI:
0.34-0.97) were associated with a lower risk (Table 3).
The cumulative incidence of chronic GvHD at 2 years
after haploidentical transplantation was 27.7% (95% CI:
17.8-38.5) and 31.7% (95% CI: 26.1-37.4) in the ATG and
PTCy groups, respectively (Table 2). The corresponding
incidences of extensive chronic GvHD were 7.8% (95%
CI: 3.1-15.2) and 12.1% (95% CI: 8.4-16.5), respectively
(P=0.37). Multivariate analysis (Table 3) showed no difference in chronic GvHD outcomes between the two groups
(HR=0.79, 95% CI: 0.38-1.64; P=0.52). The use of peripheral blood as the graft source was associated with a higher
risk of chronic GvHD (HR=1.82, 95% CI: 1.03-3.23;
P=0.04), independently of the GvHD prevention used.
Recipient cytomegalovirus seropositive status was associated with a lower risk of chronic GvHD (HR=0.52, 95%
CI: 0.3-0.9; P=0.02).

Non-relapse mortality and relapse
Among the ALL patients who underwent haploidentical
transplantation, the 2-year non-relapse mortality was

Table 3. Multivariate analysis of post-transplant outcomes and baseline variables.

Post-transplant PTCy vs.
outcomes
ATG

Ph+
B-ALL

T-ALL

Age
(per
10 years)

≥CR2

Advanced

KPS
≥ 90

RIC vs.
MAC

PB vs.
BM

Female
(D) →
male (R)

CMV
(R) +

CMV
(D)–

TBI vs. Center
chemo

Relapse
HR
(95% CI)
P-value

0.61
0.66
1.05
0.97
2.06
4.99
0.98
1.08
0.971
0.84
1.14
0.92
0.97
(0.39-0.94) (0.39-1.12) (0.69-1.6) (0.83-1.14) (1.32-3.21) (3.13-7.93) (0.65-1.48) (0.67-1.74) (0.66-1.44) (0.56-1.27) (0.70-1.87) (0.59-1.43) (0.67-1.42)
0.03
0.12
0.81
0.72
0.001
<10-5
0.93
0.74
0.88
0.42
0.59
0.7
0.88
0.39

NRM
HR
(95% CI)
P-value

0.68
(0.42-1.11)
0.12

LFS
HR
(95% CI)
P-value

0.67
0.94
1.06
1.04
1.91
(0.46-0.97) (0.63-1.35) (0.76-1.5) (0.93-1.17) (1.37-2.66)
0.03
0.69
0.72
0.48
0.0001

OS
HR
(95% CI)
P-value

0.6
0.92
1.06
1.07
1.88
3.13
0.61
0.96
1.29
0.75
(0.42-0.84) (0.63-1.35) (0.75-1.49) (0.95-1.2) (1.33-2.64) (2.15-4.55) (0.45-0.827) (0.68-1.38)(0.96-1.75)(0.54-1.04)
0.003
0.67
0.75
0.26
0.0003
<10-5
0.001
0.84
0.09
0.08

GRFS
HR
(95% CI)
P-value

0.79
0.88
1
1
1.42
2.45
0.77
0.94
1.18
0.97
1.05
1.08
0.87
(0.57-1.11) (0.62-1.24) (0.72-1.35) (0.90-1.11) (1.05-1.92) (1.73-3.47) (0.58-1.02) (0.68-1.31) (0.89-1.57) (0.73-1.31) (0.75-1.49) (0.79-1.49) (0.66-1.15)
0.17
0.47
0.94
0.96
0.02
<10-5
0.07
0.71
0.26
0.85
0.77
0.63
0.34
0.24

1.26
1.04
1.1
1.71
1.82
0.46
0.97
1.48
0.76
0.90
1.33
(0.76-2.1) (0.62-1.74) (0.94-1.3) (1.07-2.72) (1.02-3.24) (0.30-0.7) (0.59-1.6) (0.97-2.26) (0.47-1.22) (0.53-1.55) (0.8-2.23)
0.37
0.88
0.24
0.02
0.04
0.0003
0.91
0.07
0.25
0.71
0.27

0.59
(0.38-0.92)
0.02
0.43

3.35
0.68
1.06
1.06
0.8
0.95
1.11
0.79
(2.3-4.88) (0.5-0.93) (0.74-1.52) (0.76-1.46) (0.58-1.1) (0.65-1.39) (0.78-1.57) (0.58-1.07)
<10-5
0.01
0.75
0.75
0.16
0.81
0.56
0.13
0.16
1.07
1.17
0.78
(0.73-1.58) (0.82-1.66) (0.58-1.06)
0.73
0.4
0.12
0.91

Acute GvHD II-IV
HR
0.92
1.09
0.52
0.86
0.98
1.71
1.15
0.57
1.64
1.36
1.11
1.29
1.26
(95% CI)
(0.55-1.51) (0.68-1.77) (0.32-0.85) (0.73-1.01) (0.63-1.54) (0.98-2.99) (0.73-1.81) (0.34-0.97) (1.06-2.53) (0.9-2.06) (0.64-1.94) (0.78-2.15) (0.83-1.92)
P-value
0.73
0.72
0.008
0.06
0.94
0.06
0.55
0.04
0.03
0.14
0.72
0.32
0.28
0.12
chronic GvHD
HR
(95% CI)
P-value

0.79
0.83
0.63
0.89
0.95
(0.38-1.64) (0.45-1.53) (0.35-1.16) (0.74-1.07) (0.56-1.6)
0.52
0.55
0.14
0.22
0.83

0.77
0.69
0.65
1.82
1.26
0.52
1.11
0.93
(0.35-1.68) (0.41-1.17) (0.33-1.26) (1.03-3.23) (0.77-2.07) (0.3-0.9) (0.63-1.97) (0.54-1.58)
0.51
0.17
0.20
0.04
0.35
0.02
0.71
0.77
0.02

PTCy: post-transplant cyclophosphamide; ATG: anti-thymocyte globulin; Ph: Philadelphia chromosome; ALL: acute lymphoblastic leukemia; ≥CR2: second complete remission or beyond; KPS: Karnofsky
Performance Score; RIC: reduced intensity conditioning; MAC: myeloablative conditioning; PB: peripheral blood graft; BM: bone marrow graft; D: donor; R: recipient; CMV: cytomegalovirus; TBI: total body
irradiation; NRM: non-relapse mortality; LFS: leukemia-free survival; OS: overall survival; GRFS: GvHD-free/relapse-free survival; GvHD: graft-versus-host disease.
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32.9% (95% CI: 23.1-43.1) and 26.7% (95% CI: 21.8-31.8)
in the ATG and PTCy groups, respectively (P=0.23) (Table
2). On multivariate analysis, there was no significant difference in non-relapse mortality between the groups
(HR=0.68, 95% CI: 0.42-1.11; P=0.12). Independently of
whether patients received ATG or PTCy as GvHD prophylaxis, pre-transplant status of being in second or further complete remission or having advanced disease was
associated with higher rates of non-relapse mortality
(Table 3). A Karnofsky Performance Score ≥90 was associated with a lower non-relapse mortality rate (HR=0.46,
95% CI: 0.30-0.7; P=0.0003). Use of TBI in conditioning
was associated with lower non-relapse mortality
(HR=0.59, 95% CI: 0.38-0.92; P=0.02) compared to regimens containing only chemotherapy.
The cumulative incidence of ALL relapse at 2 years was
similar between the ATG and PTCy groups, being 43%
(95% CI: 32-53.5) and 33.8% (95% CI: 28.1-39.5), respectively (P=0.11) (Table 2). On multivariate analysis, PTCy
as GvHD prophylaxis was associated with a lower risk of

relapse (HR=0.61, 95% CI: 0.39-0.94; P=0.03). Disease status., i.e. being in second complete remission or beyond
(HR=2.06, 95% CI: 1.32-3.21; P=0.001) or having
advanced ALL (HR=4.99, 95% CI: 3.13-7.93; P<10-5) were
noted to be independent risk factors for post-transplant
relapse (Table 3). Figure 1A and B show the adjusted nonrelapse mortality and relapse incidence in the ATG and
PTCy groups, respectively.

Survival
With a median follow-up of 24 months, the 2-year
leukemia-free survival rates in the ATG and PTCy groups
were 24.1% (95% CI: 14.5-33.8) and 39.6% (95% CI:
33.6-45.5), respectively (P=0.007) (Table 2). On multivariate analysis (Table 3), relative to the ATG group, patients
in the PTCy group had a lower risk of therapy failure (the
inverse of leukemia-free survival) (HR=0.67, 95% CI: 0.460.97; P=0.03). Independently of the GvHD prevention
strategy, a disease status of second complete remission of
beyond (HR=1.91, 95% CI: 1.37-2.66; P=0.0001) and

A

B

C

D

Figure 1. Adjusted outcomes of patients with acute lymphoblastic leukemia undergoing haploidentical transplantation stratified by type of graft-versus-host disease prophylaxis. Data for recipients of anti-thymocyte globulin are shown in blue, those for recipients of post-transplant cyclophosphamide are shown in red. (A)
Adjusted incidence of non-relapse mortality (NRM). (B) Adjusted relapse incidence (RI). (C) Adjusted estimates of leukemia-free survival (LFS), (D) Adjusted estimates
of overall survival (OS).
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advanced ALL (HR=3.35, 95% CI: 2.3-4.88; P<10-5) were
associated with an increased risk of therapy failure,
whereas a Karnofsky Performance Score ≥90 was associated with better leukemia-free survival (HR=0.68, 95% CI:
0.5-0.93; P=0.01). Figure 1C shows the adjusted leukemiafree survival in the ATG and PTCy groups.
The 2-year overall survival rates were 27.4% (95% CI:
17.4-37.3) in the ATG group and 48.4% (95% CI: 42.354.6) in the PTCy group (P=0.001) (Table 2, Figure 1D). On
multivariate analysis (Table 3), PTCy prophylaxis was
associated with better survival compared to ATG prophylaxis (HR=0.6, 95% CI: 0.42-0.82; P=0.003).
Independently of the GvHD prevention strategy, disease
status of second complete remission or beyond (HR=1.88,
95% CI: 1.33-2.64; P=0.0003) and advanced ALL
(HR=3.13, 95% CI: 2.15-4.55; P<10-5) were associated
with lower survival, whereas a Karnofsky Performance
Score ≥90 was associated with improved overall survival
(HR= 0.96, 95% CI: 0.68-1.38; P=0.001). Figure 1D shows
adjusted overall survival in the ATG and PTCy groups.
The 2-year GRFS rates in the ATG and PTCy groups
were 20% (95% CI: 10.9-29.1) and 31.8% (95% CI: 26.237.5), respectively (P=0.04) (Table 2). On multivariate
analysis there was no significant difference in GRFS
between the ATG and PTCy groups (P=0.17) (Table 3).
However, disease status of second complete remission or
beyond (HR=1.42, 95% CI: 1.05-1.92; P=0.02) and
advanced ALL (HR=2.45, 95% CI: 1.73-3.47; P<10-5) were
associated with a worse GRFS, whereas a Karnofsky
Performance Score ≥90 was associated with a better GRFS
(HR=0.77, 95% CI: 0.58-1.02; P=0.07).

Causes of death
At last follow-up, a total of 225 patients had died,
including 66 patients in the ATG group (67.3%) and 159
patients (47.3%) in the PTCy group (Table 4). The three
most common causes of death in the ATG and PTCy
groups were ALL relapse (36.5% vs. 38.1%), GvHD
(19.1% vs. 14.2%) and infections (31.8% vs. 30.3%). In
the PTCy group, veno-occlusive disease and graft failure
was the cause of death in six (3.9%) and three (1.9%)
patients, respectively, while in the ATG group no death
was attributed to these. Secondary malignancy as a cause
of death was limited to one patient in the entire cohort (in
the PTCy group).

Discussion
GvHD prevention strategies such as ATG, and more
recently PTCy, accompanying unmanipulated haploidentical allografts have reinvigorated and ushered in a new
era of haploidentical HCT for hematologic malignancies.
While ATG is directed against a wide range of epitopes,
thus allowing extensive T-cell depletion,24,25 PTCy selectively targets alloreactive T cells rapidly proliferating
early after an HLA-mismatched transplant, without
affecting the non-dividing hematopoietic progenitor
cells.12,26 In this study we compared post-transplant outcomes in adult patients with ALL undergoing haploidentical HCT using ATG or PTCy platforms as GvHD prophylaxis and made some important observations. First,
no differences in outcome related to acute GvHD, chronic
GvHD and non-relapse mortality were seen between the
ATG and PTCy groups. Second, relapse risk was signifi1596

Table 4. Causes of death in patients with acute lymphoblastic leukemia
undergoing haploidentical transplantation with anti-thymocyte globulin
or post-transplant cyclophosphamide as graft-versus-host disease prophylaxis.

Cause of Death
ALL relapse
Graft-versus-host disease
Infection
Veno-occlusive disease
Failure/rejection
Cardiac toxicity
Secondary malignancy
Hemorrhage
Interstitial pneumonitis
Multi-organ failure
Missing

ATG N=66 (%)

PTCy N=159 (%)

23 (37.1)
12 (19.4)
21 (33.9)
0
0
1 (1.6)
0
1 (1.6)
2 (3.2)
2 (3.2)
4

59 (38.6)
22 (14.4)
49 (32.0)
6 (3.9)
3 (2.0)
0
2 (1.3)
4 (2.6)
5 (3.3)
3 (2.0)
6

ATG: anti-thymocyte globulin; PTCy: post-transplant cyclophosphamide; ALL: acute
lymphoblastic leukemia.

cantly higher among patients who received ATG than in
those who received PTCy. Third, leukemia-free survival
and overall survival were both significantly better in
patients treated with PTCy than int those treated with
ATG, but there was no difference in GRFS between the
groups.
The cumulative incidences of GvHD, including grade
II-IV acute GVHD, grade III-IV (severe) acute GvHD and
chronic GvHD were similar in the ATG and PTCy groups.
The incidence of severe acute GvHD in the ATG group
(11.6%) is comparable to the incidences in previous
observational studies.11,25 Interestingly, in the ALL-specific
prospective study by Wang et al., the incidence of severe
acute GvHD was only 6% in the group that underwent
haploidentical HCT with ATG prophylaxis.27 The incidence of severe acute GvHD in the PTCy group in this
study (14.6%) is higher than the previously reported 45%.12,15 The higher incidence of acute GvHD may be
related to the substantial proportions of patients in this
study who were given myeloablative conditioning (76%),
TBI (41%), and peripheral blood products (52%) and had
advanced disease (20%) at the time of HCT, compared to
the proportions in other studies. However, the incidences
of chronic GvHD in the ATG (28%) and PTCy (32%)
groups are comparable to those in prior reports.11,25,27 It is
noteworthy that additional immunosuppression in the
ATG group consisted predominantly of cyclosporine/
methotrexate/mycophenolate (42.5%) or sirolimus/
mycophenolate (22.3%), whereas in the PTCy group
85% of the patients received a calcineurin inhibitor
(cyclosporine or tacrolimus) with mycophenolate (Table
1).
The incidences of non-relapse mortality in the ATG and
PTCy groups were similar (33% vs. 27%, respectively),
likely reflecting the similarity in GvHD incidences as
noted above. The major causes of non-relapse mortality
in both groups were GvHD and infection. Interestingly, in
the PTCy group, six patients died of veno-occlusive disease presumably related to myeloablative conditioning
with TBI, and three patients from graft failure likely due
to more bone marrow grafts being used in this group.
However, on multivariate analysis, only advanced disease
state (relapsed beyond second complete remission and
refractory ALL) was an independent predictor of poor
haematologica | 2021; 106(6)

ATG vs. PTCy in haploidentical transplantation in ALL

non-relapse mortality. Although most patients received
albative doses of TBI, a lower non-relapse mortality was
associated with TBI-based condtioning compared to
chemotherapy alone (HR=0.59; P=0.02). An explanation
for this intriguing observation is unknown, but it is possible that younger patients with better performance scores
and co-morbidity indices were more likely to receive
ablative TBI. It should be noted that previous EBMT
reports have indeed suggested better leukemia-free survival related to TBI use in ALL patients, but this was due
to a lower relapse incidence and not to a decrease in nonrelapse mortality.28-30
With respect to post-transplant relapse, a statistically
significant, 10% absolute improvement was noted in
favor of PTCy compared to the ATG group. It is likely
that the higher risk of relapse in the ATG group was driven by the higher proportion of patients with advanced
ALL (30%). Indeed, advanced disease status was a strong
independent predictor of ALL relapse. Given the unique
biology of ALL it is also possible that, as fewer patients
given ATG received TBI as part of their conditioning, this
may have increased the relapse incidence in this group,
although not to a statistically significant extent.28,29,31
Disease relapse was the most common cause of death in
both groups, highlighting the need for further studies on
mitigating post-transplant ALL relapse.
In univariate analysis, improved leukemia-free survival,
overall survival and GRFS rates were noted in the PTCy
group compared to ATG group (P<0.05), however, in
multivariate analysis, only leukemia-free survival and
overall survival remained significantly improved. This
could perhaps be due to a higher proportion of patients
with advanced disease together with the higher relapse
incidence in the ATG group. Indeed, the leukemia-free
survival in the ATG group in this study was inferior to
that in the prospective study by Wang et al., possibly due
to the greater proportion of patients in this study with
advanced age and disease status.27 Nevertheless, 15% and
20% improvements in leukemia-free survival and overall
survival, respectively, were noted in the PTCy group. For
both these outcome measures, disease status at the time
of haploidentical HCT and Karnofsky Performance Score
were strong independent predictors of survival. Albeit
limited by the small sample size, a subset analysis evaluating outcomes stratified by graft source (peripheral
blood vs. bone marrow) showed interesting results
(Online Supplementary Table S2). In peripheral blood haploidentical HCT recipients, the 2-year leukemia-free survival, overall survival and GRFS rates were significantly
better in the PTCy group, in which there was also a trend
toward lower non-relapse mortality. It is worth noting
that the relapse risk was similar in the ATG and PTCy
groups in peripheral blood haploidentical graft recipients.
In contrast, for bone marrow haploidentical HCT, no differences were noted in leukemia-free survival, overall survival, GRFS or non-relapse mortality between the ATG
and PTCy groups. However, the 2-year relapse incidence
among bone marrow graft recipients receiving ATG prophylaxis was 55% compared to 33.7% with PTCy prophylaxis (P=0.06). Although not statistically significant, it
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is plausible that the inferior relapse and survival outcomes in the ATG group are at least partly due to the high
relapse risk in the bone marrow graft recipients.32
The inherent limitations of this study are reflected by
the nature of the data captured by a registry. Detailed
information regarding remission status, such as minimal
residual disease, and conditioning regimen, including TBI
dose and the timing and dose of PTCy and ATG administration, were not uniformly available. For instance, details
pertaining to the type of ATG product (thymoglobulin vs.
ATG-Fresenius) were unavailable in the registry. The dose
of ATG was documented for only 81 subjects, with the
median dose being 20 mg/kg. By univariate analysis, the
only impact of ATG dose (< or ≥20 g/kg) on transplant
outcomes, was a lower incidence of grade II-IV acute
GvHD associated with a higher ATG dose (23% vs. 53%;
P=0.007) (Online Supplementary Table S3). The registry data
precluded evaluation of the reason for choosing a specific
graft source, GvHD prophylaxis platform or conditioning
regimen for an individual patient. Haploidentical HCT
with ATG was more likely during an earlier time period
compared to PTCy (median, 2011 vs. 2015). It is, therefore, possible that improvements in transplant technology
and supportive care may have had an impact on these outcomes. To address this potential bias, we performed a univariate analysis restricted to the years 2007-2014, and
found that the use of PTCy as GvHD prophylaxis was still
associated with improved leukemia-free and overall survival (data not shown), congruent with results for the entire
study duration. As expected, institutional practices and
preferences may skew the data. However, no “center
effect” was noted except for chronic GvHD by regression
analysis. The sample size limited the power to detect
small differences and interactions between variables and
transplant outcomes in our population. With a median follow-up of approximately 2 years, it is not known whether
these results will remain unchanged with longer-term follow-up. Notwithstanding these limitations, this analysis is
the largest and only comparative study evaluating outcomes of haploidentical allogeneic HCT in adult ALL
patients given PTCy or ATG as the backbone of their
GvHD prophylaxis. It is noteworthy that, compared to
ATG, PTCy as GvHD prophylaxis was associated with
improved leukemia-free survival and overall survival and
lower relapse risk.
In conclusion, in the absence of prospective, randomized data, our results suggest that PTCy as GvHD prophylaxis may be considered over ATG in patients with
ALL undergoing haploidentical HCT. Our data warrant
confirmation in prospective randomized studies.
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