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INTRODUCTION

ABSTRACT
Haploidentical stem cell transplantation (haplo-SCT) with post-transplant cyclophosphamide (PT-Cy) is an alter-
native treatment for acute myeloid leukemia (AML) patients who lack HLA-matched donors. Relapse after haplo-
SCT remains a major concern, especially after nonmyeloablative conditioning regimens. Promising results were
reported for TBF-based conditioning regimens (thiotepa, busulfan, and fludarabine) in patients transplanted from
different categories of donors and for various disease types but not specifically in PT-Cy haplo-SCT for AML. Here
we evaluate the outcome of 100 AML patients who received haplo-SCT with PT-Cy after TBF conditioning regi-
mens (reduced-intensity conditioning, n=77; myeloablative conditioning, n=23) in 2 transplant programs.
Cumulative incidences of grades III to IV acute and moderate or severe chronic graft-versus-host disease (GVHD)
were 7% and 14%, respectively. NRM at 2 years was 28%, significantly influenced by disease status at haplo-SCT
(first complete response [CR1] versus advanced AML: 16% versus 38%, P=.016) but not by conditioning intensity
or age. The cumulative incidences of relapse at 2 years were 17% and 24% in CR1 and advanced AML, respectively
(not significant). Progression-free survival, overall survival, and GVHD and relapse-free survival at 2 years were
67%, 71%, and 49% in CR1 patients, respectively, whereas comparative values in patients with advanced disease
were 37%, 41%, and 32%. Our study suggests that TBF conditioning for PT-Cy haplo-SCT is safe and effective for
AML patients in CR1. In patients with more advanced disease, the relatively low incidence of relapse seems coun-
terbalanced by a high nonrelapse mortality, underlining the need for alternative strategies to decrease relapse
risk, without increasing the intensity of conditioning regimen.

© 2019 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.

results in low rates of both graft-versus-host disease (GVHD)

Haploidentical hematopoietic stem cell transplantation and nonrelapse mortality (NRM) using a nonmyeloablative
(haplo-SCT) with post-transplant cyclophosphamide (PT-Cy) conditioning (NMAC) regimen (Cy 29 mg/kg, fludarabine 150
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mg/m?, and low-dose total body irradiation 2 Gy) [1]. How-
ever, the relapse rate remains a concern, especially for patients
with myeloid malignancies. Indeed, previous reports of NMAC
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plastic syndromes showed a cumulative incidence of relapse
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from 45% [1,2] to 58% [3,4]. In the setting of HLA-identical
transplantation, we and others previously reported the benefit
in disease control using more intensive regimens, most of
them containing busulfan [5-10].

In the context of haplo-SCT, the role of conditioning regimen
intensity on leukemic control after PT-Cy haplo-SCT remains
a matter of debate, specifically for AML patients [11-16].
The association of thiotepa, busulfan, and fludarabine (TBF) in
different dose combinations showed promising results for vari-
ous situations of donor and disease types [17-19]. However,
data are missing for TBF conditioning regimens in the specific
setting of haplo-SCT with PT-Cy for AML patients. Here we
report the results of a retrospective analysis of AML patients
who received haplo-SCT conditioned with TBF plus PT-Cy at 2
European transplant programs.

METHODS
Selection Criteria

Inclusion criteria were as follows: adult patients with AML according to
World Health Organization criteria [20], undergoing haplo-SCT with PT-Cy
between January 2011 and June 2018 in 2 collaborative transplant centers
(Paoli Calmettes Institute of Marseille and Humanitas Cancer Center of
Milan), and using a TBF conditioning regimen. All patients signed informed
consent for data collection and participation in this retrospective database
analysis.

Conditioning Regimen and GVHD Prophylaxis

Fludarabine total dose was 120 to 160 mg/m? whatever the conditioning
intensity. The European Society for Blood and Marrow Transplantation crite-
ria were used to define reduced-intensity conditioning (RIC; i.v. busulfan total
dose < 260 mg/m?) and myeloablative conditioning (MAC; i.v. busulfan total
dose > 260 mg/m?) regimens. TBF-RIC was defined as the association of thio-
tepa (5 mg/kg/day for 1 day), fludarabine (30 to 40 mg/m?/day for 4 days),
and i.v. busulfan (130 mg/m?/day for 2 days). TBF-MAC included more inten-
sive combinations of thiotepa (5 mg/kg/day for 1 or 2 days), fludarabine (30
to 40 mg/m?/day for 4 days), and i.v. busulfan (130 mg/m?/day for 3 or 4
days). We did not use pharmacokinetic dosages of busulfan. GVHD prophy-
laxis was based on PT-Cy (50 mg/kg on days +3 and +4) and cyclosporine A
plus mycophenolate mofetil starting on day +5 [1,21].

Statistical Analyses

Times to events were calculated from the date of haplo-SCT, and patients
were censored at last contact in the absence of a relevant event. Glucksberg
and National Institutes of Health classifications were used for the gradation
of acute and chronic GVHD, respectively [22,23]. The Prentice estimate [24]
and Gray test [25] considering competing events were used to calculate the
cumulative incidences of GVHD, NRM, and cumulative incidence of relapse
(CIR). NRM and relapse were considered as mutually competing events. To
calculate the cumulative incidence of GVHD, death from any cause before the
occurrence of GVHD was considered as a competing event. The Kaplan-Meier
method and log rank test were used for OS, progression-free survival (PFS),
and GVHD and relapse-free survival (GRFS) analyses [26]. Relevant events for
GREFS were relapse, death from any cause, and occurrence of grades Il and IV
acute and moderate or severe chronic GVHD [27,28].

By univariate and multivariate analyses we evaluated the impact of age
(<60 versus >60 years), hematopoietic cell transplantation—specific comor-
bidity index (HCT-CI) [29] (<3 versus >3), disease status at the time of haplo-
SCT (first complete response [CR1] versus advanced AML), conditioning
intensity (RIC versus MAC), and cytogenetic risk group (low/intermediate
versus high risk). A multivariate Cox model was performed to compute the
proportional hazard ratio [30]. All survival analyses were computed using R
3.5.3 statistical software (http://www.R-project.org).

RESULTS
Patient and Transplant Characteristics

One hundred consecutive patients with a median age of
58 years (range, 22 to 72) were analyzed (Table 1). Forty-nine
patients were transplanted in CR1, whereas the 51 remaining
patients were transplanted in subsequent CR (CR > 1, n=35)
or with refractory disease (n=16). Because of the low number
of patients with refractory disease and the absence of signifi-
cant difference for all endpoints between patients transplanted
for advanced AML (Supplementary Table S1), we pooled those
patients in the advanced disease group for the following

Table 1
Patient and Transplant Characteristics (N = 100)
Characteristic Value
Age, yr, median (min-max) 58 (22-72)
Gender
Male 59
Female 41
HCT-CI score
<3 37
>3 63
Cytomegalovirus serostatus donor/recipient
—/— 15
—[+ 34
+[— 2
+[+ 49
Cytogenetic
Favorable 6
Intermediate 67
Unfavorable 27
Disease status at haplo-SCT
CR1 49
CR>1 35
Refractory AML 16
No. of haplo-SCTs by year
2011 3
2012
2013 10
2014 7
2015 20
2016 31
2017 19
2018 6
Allo-SCT
First 88
Second 12
Conditioning regimen
TBF-RIC 77
TBF-MAC 23
Stem cell source
Bone marrow 15
Peripheral blood stem cell 85
CD34*, 10%/kg, median (min-max) 5.1(1.4-16.1)

analyses. Twenty-seven (17 in CR1), 73 (32 in CR1), and 6 (1 in
CR1) patients had unfavorable, intermediate, and favorable
cytogenetics, respectively. HCT-CI was >3 in 63 patients (30/
49 [61%] and 33/51 [64%] in the CR1 and advanced disease
groups, respectively). Most patients received TBF-RIC regimens
(n=77) and peripheral blood stem cells as graft source
(n=285). In CR1 patients, 39 of 49 patients (80%) and 10 of 49
patients (20%) received TBF-RIC and TBF-MAC, respectively.
Twelve patients had previous allogeneic transplantation.
Median follow-up after haplo-SCT was 25 months (range, 4
to 62).

Engraftment

Five patients died before hematologic recovery from infec-
tious complications and thus were not assessable for engraft-
ment (deaths between days +4 and +16). All 95 remaining
patients achieved full donor chimerism (74 before day 45 and 21
after day 45). Median time from haplo-SCT to neutrophil (>.5
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[ P
823
048
777

Giga/liter) and platelet (>20 Giga/liter) recovery was 23 (range,
6 to 112) and 28 (range, 6 to 220) days, respectively. Three

.013
134

[ os%al
2755
30-59
4174
22-46
32-56
19-58

patients had delayed neutrophil recovery (beyond day +35) on
days +37, +45, and +112 because of infectious complications.

36-66
21-48
27-49
36-80

Graft-versus-Host Disease

GRFS
Percent
39

42

55

32

43

In the entire cohort, the cumulative incidences of grades Il
to IV and III to IV acute GVHD at day 100 were 23% and 7%,
I ol respectively. At 2 years after haplo-SCT, the cumulative inci-

33
49
3
3

| p
n
053
355

dences of all grades and moderate chronic GVHD were 25%
and 14%, respectively. No patient developed severe chronic
GVHD. Univariate comparisons did not reveal significant risk

.006
4

[ osxal
4473
4372
5586
37-63
48-72

factors for the development of both acute and chronic GVHD
(Supplementary Table S2). Multivariate analysis did not iden-
tify any predictive factor of GVHD.

30-72
59-86
29-58
42-65
49-91

0S
Percent
56
55
69
48
59

Nonrelapse Mortality

The cumulative incidence of NRM at 2 years after haplo-SCT
was 28% in the whole cohort. We observed that patients trans-
planted in CR1 had significantly lower NRM compared with

46
71
41
52
67

| p
841
143
511

those transplanted for advanced AML (2-year NRM: CR1 versus
advanced AML, 16% versus 38%, P=.016) (Table 2, Figure 1A).
HCT-CI > 3 was associated with a significantly higher incidence

001
.398

[ o5l
39-68
40-69
50-82
34-59
4568

of NRM (2-year NRM: <3 versus >3, 14% versus 36%, P=.025)
(Table 2, Figure 1B). By contrast, age and conditioning intensity
did not significantly influence NRM in univariate analyses.

25-66
55-82
26-54
41-84

39-62

PFS
Percent
51

53

64

45

56

Multivariate analysis confirmed a higher risk of NRM in
patients with HCT-CI > 3 (hazard ratio [HR], 2.81; P=.040) and
in patients transplanted for advanced AML (HR, 3.31; P =.008)
(Table 3). Causes of NRM were infectious complications (n =16,

41
67

7
50
59

.908
458
282

| P

60%), GVHD (n=7, 26%), 2 neurologic failures, 1 heart failure,
and 1 secondary cancer.

258
.665

[ o5zl
831
8-32
7.35
929
8-25

Cytomegalovirus and Epstein-Barr Virus Reactivations
Sixty-one patients developed cytomegalovirus viremia.

Among them, 32 were in CR1 and 29 were transplanted for

advanced AML. Epstein-Barr Virus viremia occurred in 6

11-47
5-27
11-35
11-30
0-33

CIR
Percent
20

21

22

20

17

31

patients, and no post-transplant lymphoproliferative disease
was observed.

17
24
21
18

| p
878
025
831

Relapse
CIR at 2 years was 21% in the entire cohort, without signifi-
cant differences associated with disease status at the time of

.016
552

[ o5zl
14-40
13-38
224
2247
1637
8-44
526

haplo-SCT (CR1 versus advanced AML, 17% versus 24%;
P=.258) (Table 2). In addition, we did not observe a significant
decrease in 2-year CIR using TBF-MAC compared with TBF-RIC,
18% versus 21% (P=.665), respectively. The 2-year CIRs were

23-51
18-39
3-39

NRM
Percent
28

27

14

36

27

28

16

17% and 31% in low/intermediate and unfavorable cytogenetic
risk groups (P = .282), respectively. In multivariate analysis,
advanced AML was associated with a higher risk of relapse
(HR, 2.54; P=.041) (Table 3).

38
29
23

No. of Cases

51
49
37
63
73

Survivals

In the entire cohort 2-year PFS, OS, and GRFS were 52%,
56%, and 40%, respectively. Outcome of CR1 patients was sig-
nificantly better compared with those transplanted for

27
49
51
77
23

<60 yr
>60 yr

HCT-CI score
Favorable/intermediate

<3

Univariate Comparison for NRM, CIR, PFS, OS, and GRFS after Haplo-SCT

Cytogenetic

Table 2
Age

advanced AML (PFS: 67% versus 37%, P=.001 [Figure 2A]; OS:
71% versus 46%, P=.006; GRFS: 49% versus 32%, P=0.013)
(Table 2). HCT-CI > 3 was associated with a significantly lower
2-year GRFS (<3 versus >3: 55% versus 32%, P=.048) (Table 2),
a trend for lower 2-year OS (<3 versus >3: 69% versus 48%,
P=.053) (Table 2), and no significant difference in 2-year PFS
(<3 versus >3: 64% versus 45%, P=.143) (Table 2, Figure 2B).
Age and conditioning intensity did not influence any survival

Unfavorable
CR1
Advanced AML
Conditioning regimen
TBF-RIC
TBF-MAC
All estimations are given at 2 years after haplo-SCT. Cl indicates confidence interval.

Disease status

endpoints in univariate analyses. Multivariate analysis



1806

A
NRM
100%
— Advanced AML: 38% @ 2 years
— CR1: 16% @ 2 years
75%
° p =0.016
50%
25%
0%
T T T T T
0.0 0.5 1.0 1.5 2.0
Years
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B
NRM
100%
— HCT-CI>=3:36 % @ 2 years
— HCT-CI<3: 14 % @ 2 years
75%
° p = 0.025
50%
25%
0%
T T T T T
0.0 0.5 1.0 1.5 2.0
Years

Figure 1. NRM according to disease status at the time of haplo-SCT (A) and HCT-CI (B).

confirmed that PFS, OS, and GRFS were significantly better for
patients transplanted in CR1 (advanced AML) (0OS: HR, 2.69
[P=.004]; PFS: HR, 2.71 [P=.002]; GRFS: HR, 1.98 [P=.014])
(Table 3). Moreover, we did not observe any significant impact
of age or conditioning intensity on OS, PFS, and GRFS, whereas
we observed trends for worse OS in patients with HCT-CI > 3
(HR, 1.78; P=.091) and in patients with unfavorable cytogenet-
ics (HR, 1.93; P=.062) (Table 3).

DISCUSSION

The use of a haploidentical donor strongly improves the feasi-
bility of allogeneic transplant because it virtually allows identify-
ing at least 1 donor for every candidate for allogeneic HSCT. The
use of PT-Cy as part of GVHD prophylaxis is associated with in
vivo depletion of alloreactive lymphocytes and low incidences of
GVHD, resulting in survival rates that approach those observed
after HLA-matched related or unrelated donor transplants. In the

A
PFS
100%
75%
50%
25% -| — Advanced AML: 37% @ 2 years
— CR1:67% @ 2 years
p = 0.001
0%
T T T T T
0.0 0.5 1.0 1.5 2.0

Years

setting of AML, disease recurrence after haplo-SCT remains a
major concern, however, especially when a NMAC regimen is
used (45% to 58%) [1-4]. The use of more intensive regimens has
been reported for different clinical situations [15,17,31], including
AML [11-14,16,32], but to our knowledge no study specifically
evaluated the feasibility and efficacy of TBF regimens for haplo-
SCT in AML patients.

Thus, we analyzed the first 100 consecutive patients to
receive TBF conditioning regimens before haplo-SCT with PT-Cy
from 2 collaborating centers. All patients received the same
GVHD prophylaxis and conditioning therapy (although doses can
vary), contributing to a certain degree of homogeneity. We
observed low incidences of severe forms of acute (grades III to
IV, 7%) and chronic (moderate, 14%; severe, 0%) GVHD despite
the high proportion of patients (85%) who were given peripheral
blood stem cells as graft source. These incidences seemed lower
than previously reported results of peripheral blood stem cell

B
PFS

100%

75%

50%

25% 1 — HCT-ClI>=3:45 % @ 2 years

— HCT-ClI < 3:64 % @ 2 years
0% - p =0.143
? T T T T T
0.0 0.5 1.0 1.5 2.0

Years

Figure 2. PFS according to disease status at the time of haplo-SCT (A) and HCT-CI (B).
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.008
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.59-3.70
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1.04-6.21
1.46-5.03
1.38-5.23
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Advanced AML vs. CR1
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HR
.73
1.47
3.31
2.
2.71
2.69
1.98

.883
.074
.040
449
.307
.091
122

95% C|
42-2.09
.92-6.05
1.05-7.53
.31-1.68
.74-2.55
91-3.49
.89-2.73

HCT-CI > 3 vs. <3

.94

2.36
2.81
72

1.38
1.78
1.56

HR

617
292
427
119
.109
.062
216

95% C|

.51-3.15
.61-5.27
.58-3.65
.82-5.50
.89-3.30
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Unfavorable vs. Intermediate/Favorable

HR

1.26
1.79
1.45
2.13
1.71
1.93
1.47

.667
.146
.749
.286
.295
426
.106

45-3.46
.74-7.34
43-3.27
.62-4.94
.71-3.03
.63-2.95
.89-3.47

RIC vs. MAC

HR

1.25
2.34
1.18
1.76
1.47
1.37
1.76

.846
.581
313
204
918
613
957

95% C|

.97-1.04
.95-1.03
.98-1.06
.95-1.01
.98-1.02
.98-1.03
.98-1.02

Age (continuous)

HR
1.00
.99
1.02
.98
1.00
1.01
1.00

Grades II-IV acute GVHD
All grades chronic GVHD

NRM
Relapse
PFS

0S
GRFS

Multivariate Cox Model

Table 3
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haplo-SCT [11,33,34] and are more comparable with that
observed using bone marrow grafts [21,34,35]. However, the rel-
ative heterogeneity in patient and transplantation characteristics
across these studies limits the possibility of comparison.

We separately analyzed patients transplanted in CR1 and
those transplanted for more advanced disease (advanced AML)
because it is a major determinant of outcome. In CR1 patients,
a TBF conditioning regimen is well tolerated, with similar a
NRM rate (16%) compared with previously reported NRM data
after either NMAC (9% to 15%) [1,3,4] or more intensive condi-
tioning regimens (13% to 30%) [15,16]. This underlines the dif-
ficulty to retrospectively assess the impact of conditioning
intensity in a homogeneous disease-specific context. In addi-
tion, the CIR in CR1 patients was relatively low (17%) despite
35% of them having unfavorable cytogenetics. As for compari-
son, the CIR at 2 years was about 50% after NMAC [1,3] and 19%
to 40% after MAC experiences [11-14,17,32]. We thus suggest
that the TBF regimen is a feasible conditioning platform for
CR1 AML patients, producing promising outcome (OS, 71%)
after haplo-SCT. In patients with more advanced disease fea-
tures (CR > 1/refractory disease, eventually after a first alloge-
neic transplant), the 2-year CIR of 24% is encouraging but is
counterbalanced by the high incidence of NRM, mostly because
of severe bacterial infections rather than GVHD. We also
observed 61% of cytomegalovirus viremia that is comparable
with previous reports in the setting of haplo-SCT (75%) [36]
but higher than our previous experience of matched related or
unrelated donor transplant before 2011 (35%) [37]. Altogether,
our results underline the frailty of these patients, possibly
related to the cumulative toxicity of previous treatments. Thus,
we suggest that a TBF regimen should be used with caution in
this high-risk population, the benefit of the antitumor effect
being counterbalanced by an increase in NRM, especially if
HCT-ClI is high. Strategies to better select patients for intensifi-
cation and optimization of anti-infectious prophylaxis are
needed in this context. In addition, the use of pharmacokinetic
data for busulfan dose adjustment could improve the safety of
this platform [38]. Moreover, post-transplant treatments such
as tyrosine kinase inhibitors [39,40] and/or donor lymphocyte
infusions [41,42] could be helpful to overcome in part the high
risk of relapse in this advanced disease population when inten-
sifying the conditioning regimen is not feasible.

The strength of our study is that transplant procedures are
relatively homogeneous across both centers, with similar GVHD
prophylaxis. The main weakness of our study is its retrospective
nature. Although the analysis of 100 patients seems sufficient to
observe trends, we were not able to perform subgroup analyses
because of the relatively low number of patients in each group.
Thus, some confounding factors such as previous allogeneic
transplant or disease status at the time of haplo-SCT are strong
limitations for interpreting the data in the entire cohort. To deal
with this issue, we separately analyzed CR1 and advanced AML
patients, leading to different conclusions based on that criteria.
However, the low number of patients who received TBF-MAC
did not allow us to separately explore the role of conditioning
intensity across these disease risk subgroups.

We conclude that a TBF platform for haplo-SCT with PT-Cy
is suitable for AML patients, with high antileukemic activity in
both CR1 and advanced disease groups. Although no excess of
NRM was observed in CR1 patients—encouraging haplo-SCT in
CR1 AML—the TBF platform should be used with caution in
patients with advanced AML, with higher NRM counterbalanc-
ing the benefit in disease control. Optimized selection and
transplantation procedures are still specifically needed for
high-risk patients.
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