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Haploidentical bone marrow transplantation for AML in remission
after TBF conditioning: a long-term follow-up
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Allogeneic hemopoietic stem cell transplantation remains an important treatment modality for patients
with acute myeloid leukemia (AML).1-3 The donor is no longer an issue, following the introduction of
high-dose posttransplantation cyclophosphamide (PTCY) in Baltimore for haploidentical (HAPLO)
grafts.4,5 The conventional timing of PTCY is day +3+4 after a HAPLO transplant, followed by a cal-
cineurin inhibitor (CNI) and mycophenolate (MMF) on day +5.4 We have shown that PTCY can be given
on days +3+5, with a CNI starting on the day of transplant.6,7 The European Blood and Marrow
Transplantation group compared patients with leukemia receiving PTCY prophylaxis on days +3+4 with
those receiving it on days +3+5, with a CNI given respectively on day +5 or on day 08; relapse was
significantly reduced in patients receiving PTCY on days +3+5 (P = .02), whereas transplant-related
mortality (TRM) was comparable; leukemia free survival and graft relapse–free survival (GRFS) was
superior for patients receiving PTCY on days +3+5.8

The conditioning regimen is another critical component of the transplant platform; we have suggested
in a large retrospective study that the combination of thiotepa, busulfan, and fludarabine (TBF) signif-
icantly reduces the risk of relapse in patients with AML,9 compared with a conventional 4-day IV
busulfan and fludarabine.

We are now reporting the long-term follow-up of patients with AML in remission aged <65 years,
prepared with a full dose myeloablative TBF regimen, and grafted with unmanipulated HAPLO bone
marrow, followed by cyclosporine A (CSA) on day 0, MMF on day +1, and PTCY on days +3+5.
Patients were grafted in 2 centers: Genova, San Martino, and Roma Gemelli.

This retrospective study was approved by the Ethical Committee Gemelli on 21 September 2023
(ID 5940) and conducted in accordance with the Declaration of Helsinki. It includes 98 patients with
AML receiving unmanipulated HAPLO bone marrow graft between 2010 and 2021. Median patients
age was 44 years (range, 17-64); median donor age was 34 years (range, 14-67). Patients were in first
(n = 78) or second (n = 20) remission. The risk stratification of complete remission 1 (CR1) patients are
the following: 59 of 78 CR1 patients (75%) had 1 (n = 37), 2 (n = 18), 3 (n = 4), or 4 (n = 1) risk
factors, according to the European LeukemiaNet (ELN) 2017 classification.10 These included primary
induction failure (n = 18), AML with myelodysplastic-related changes (n = 12), leukocytes >30 × 109/L
(n = 17), Flt3 ITD positivity (n = 15), blastic plasmacytoid–derived neoplasm (n = 2), t(6;9) (n = 1),
t(9;22) (n = 1), del 7 (n = 2), complex cytogenetics (n = 6), TP53+ (n = 1), minimal residual disease
positivity (n = 12), and therapy-related AML (n = 2).

All patients received the following conditioning regimen: thiotepa (5 mg/kg) on day –6 and –5 (total
dose 10 mg/kg), IV busulfan (BU) (3.2 mg/kg) on day –4, –3, and –2 (total dose 9.6 mg/kg), fludarabine
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(FLU) (50 mg/m2) on day –4, –3, and –2 (total dose 150 mg/m2).
BU pharmacokinetics levels were not assessed. GVHD prophy-
laxis was uniform and consisted of IV CSA 3 mg/kg from day 0 to
day +20, adjusting for blood levels (200-400 ng/mL), and then
orally until day +180; MMF (15 mg/kg every 12 hours) from
day +1 to day +28 and cyclophosphamide (PTCY) 50 mg/kg on
day +3 and +5. Granulocyte colony stimulating factor was star-
ted on day +6 until neutrophil recovery. The stem cell source was
unmanipulated bone marrow for all patients, and the median dose
of cells collected and infused on day 0 was 3.1 × 108/kg (range,
0.8-6.7). Donors were prioritized on the basis of younger age,
whereas specific antibodies were not assessed before trans-
plant. Supportive treatment, as well as diagnosis and therapy of
GVHD, was given as per Institutional standard of care. No
patients received maintenance therapy after transplant. Statisti-
cal analysis was carried out with NCSS 19 for Windows (Kays-
ville, UT). Disease-free survival (DFS) includes death and relapse
as events.

Two patients died before day +20 and could not be evaluated.
The cumulative incidence of trilineage engraftment at 100 days,
including the 2 early deaths, was 95 of 98 patients (95% con-
fidence interval [CI], 93-100). The median day to a neutrophil
count of 0.5 × 109/L was day +18 (range, 13-76); for platelets
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Figure 1. GvHD and competing outcome risks. (A-B) Cumulative incidence of acute G
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20 × 109/L, it was day +21 (range, 15-84). The cumulative
incidence of acute GVHD grade 2 to 4 was 9% (95% CI, 5-17)
(Figure 1A). In particular, 60 patients never developed acute
GVHD; 9 patients developed GVHD grade 2 (2%) and 2
patients GVHD grade 3 (2%). The cumulative incidence of
moderate-severe chronic GVHD was 17% (95% CI, 10-26)
(Figure 1B); 15 patients had moderate and 3 patients severe
chronic GVHD.

At a median follow-up for surviving patients of 5.8 years (range,
1.8-11), 19 patients (19%) died of transplant-related complications
(n = 8) or relapse (n = 11). The overall cumulative incidence of
TRM at 10 years is 8% (95% CI, 4-16) (Figure 1C). TRM was 5%
for CR1 and 18% for CR2 patients (P = .1). TRM was 0%, 8%, and
13% for patients aged <30 years, 31 to 50 years, and >50 years,
respectively (P = .2).

The 10-year CI of relapse is 14% (95% CI, 8-24; Figure 1D); it was
14% for CR1 patients and 15% for CR2 patients (P = .8).

At 10 years, the projected DFS is 75% (95% CI, 66-85) for all
patients (Figure 2A); 80% vs 68% for CR1 vs CR2 patients (P =
.2). In univariate analysis, age over the median (44 years) was the
most significant risk factor of DFS (P = .1). GRFS at 10 years is
70% (95% CI, 61-79) (Figure 2B).
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Conclusions

This retrospective study was carried out in patients with AML aged
<65 years, tolerating a fully myeloablative TBF regimen, followed by
a HAPLO bone marrow graft and GVHD prophylaxis with PTCY
day +3+5 and CSA day 0, and MMF day +1. The 14% cumulative
incidence of relapse at 10 years compares favorably with a 30%
figure, reported with different conditioning regimens, including total
body irradiation 12 Gray,11 total body irradiation 8 Gray,12 BU
cyclophosphamide,13 BU FLU,13 and also when using a prepara-
tive regimen the week before the conditioning regimen.14 These
studies were conducted with different GVHD prophylaxis ranging
from CSA + methotrexate,11,12 with or without anti-thymocyte
globulin,13 or with alemtuzumab.13 Despite these difference, the
30% relapse rate seems to be a recurrent figure in the literature, for
remission AML posttransplant.

In our study, the rate of acute and chronic GVHD is low, and the
TRM projected at 10 years is 8%; this may be due to the choice of
using exclusively bone marrow as a stem cell source, as originally
suggested by the Baltimore group.4 Finally, we have chosen a
modified PTCY schedule, given on days +3+5 with CSA starting
on day 0 and MMF on day +1, before PTCY; this may further lead
to improved graft-versus-leukemia, because on day +3, some
alloreactive T cells are already under the control of CSA and are
free to replicate after day +5.

The combination of reduced TRM, reduced relapse, as compared
with data in the literature, results in a DFS, projected at 10 years of
75% and a GRFS of 70%.

Limiting factors are the retrospective nature of the study and the
fact that 73 of the 98 patients had already been reported in the
context of a larger group of >600 patients, with different con-
ditioning regimens and stem cell sources.15 On the other hand,
in this study, we focus exclusively on long-term outcome of
remission AML, receiving an identical conditioning regimen
(TBF), marrow as a stem cell source, HAPLO donors, and same
GVHD prophylaxis for all patients, which we report here for the
first time.
1966 RESEARCH LETTER
We believe the choice of the stem cell source, conditioning
regimen, and GVHD prophylaxis, all contribute to the very
encouraging outcome.
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