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Thiotepa, busulfan and fludarabine conditioning-regimen
is @ promising approach for older adult patients with acute
lymphoblastic leukemia treated with allogeneic stem cell
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For acute lymphoblastic leukemia (ALL) patients, total body irradiation (TBI)- based conditioning regimens are the first choice
specially in young population. However, several studies have shown an equivalence in clinical outcomes with thiotepa-based
conditioning regimen. We performed a retrospective study to evaluate the outcome of adult ALL patients who received allogeneic
hematopoietic stem cell transplantation (allo-HCT) with a thiotepa-busulfan-fludarabine (TBF) myeloablative conditioning regimen
with reduced toxicity. Fifty-five patients received a TBF regimen. The median age of the patients was 51 years (range, 17 to 72.4).
Most patients had a diagnosis of B-ALL (93%) with 7% having T-ALL. Two - and 5-year overall survival was 73.2% and 64%,
respectively. At 2 years, leukemia-free survival and GVHD-free, relapse-free survival were 59.5% and 57.6%, and at 5 years, 53.4%
and 51.8%, respectively. The 5-year non-relapse mortality was 15%. The day 180 cumulative incidence (Cl) of grade II-IV acute
GVHD and grade IlI-IV acute GVHD were 38.2% and 5.5%, respectively. At 2 years, the Cl of chronic GVHD and extensive chronic
GVHD was 16.9% and 1.9%, respectively. Our study results do suggest that using TBF as the conditioning regimen in adult ALL

patients is a promising option with acceptable toxicity.
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INTRODUCTION

Allogeneic stem cell transplantation (allo-HCT) is an effective
treatment for patients with high risk or refractory acute
lymphoblastic leukemia (ALL). Indeed, several studies have shown
a significant increase in the survival of patients after allo-HCT
compared to consolidation treatments by chemotherapy or
autograft [1-3]. Currently, a total body irradiation (TBI)-based
conditioning regimen is the gold standard for pediatric patients
allowing an anti-leukemic effect and a prevention of relapse on
sanctuary sites [4-8]. Recently, Peters et al. published the results of
the FORUM study, a randomized phase Ill study that compared the
outcomes of myeloablative conditioning (MAC) with fractionated
TBI 12 Gy and etoposide versus fludarabine (Flu), thiotepa and
either busulfan or treosulfan [9]. The study was prematurely
stopped because chemotherapy-based conditioning was signifi-
cantly inferior to TBI. In adult patients, no prospective data on this
issue is available. Eders et al, in a retrospective analysis of the
European Society for Blood and Marrow Transplantation (EBMT),
compared thiotepa-based conditioning versus TBI conditioning for
ALL patients transplanted from a matched sibling donor (MSD) or
matched unrelated donor (MUD) [10]. Thiotepa conditioned

patients have a trend towards inferior leukemia-free survival
(LFS) with a significantly higher relapse incidence (RI). Overall
survival (OS), non-relapse mortality (NRM), acute graft-versus-host
disease (aGVHD) and chronic GVHD (cGVHD) were not significantly
different between either group [10]. More recently, Swoboda et al.
compared TBI-Flu versus thiotepa-busulfan-fludarabine (TBF)
conditioning for adults with ALL treated with haploidentical
(Haplo) allo-HCT [11]. In patients in 1st or 2nd complete remission
(CR1/CR2), TBI-Flu compared to TBF was associated with a reduced
risk of NRM at 2 years and a significantly increased RIl. No
difference between conditioning regimens was found with
respect to LFS and OS. However, high dose TBI is still associated
with the disadvantage of frequent and late complications such as
cataracts, pituitary dysfunction, gonadal failure, hypothyroidism,
cardiac dysfunction, cognitive dysfunction, osteopenia, xerosto-
mia, chronic kidney disease and secondary malignancies [12-14].
Moreover, in clinical practice, TBI is hampered by challenging
logistics of administration, and coordination between hematology
and radiation oncology departments [15].

However, this MAC regimen is toxic and so few adult patients
are eligible [16-18]. Over several years, with the use of alternative
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donors and the consideration of patients’ age and comorbidities,
reduced-intensity conditioning (RIC) regimens have been devel-
oped. They are based on the combination of chemotherapies, and
several studies have shown their feasibility and effectiveness
[19-21]. Such RIC regimens are an attractive alternative to TBI in
adults with ALL, including the use of the validated combination of
thiotepa, busulfan and fludarabine (TBF). Each of these drugs
showed comparable results to TBI in terms of outcomes
[10, 22-24].

Thus, we analyzed the outcomes of adult patients with ALL who
received allo-HCT after conditioning with TBF, a MAC regimen
with reduced toxicity.

MATERIAL AND METHODS
Study design and selection criteria
We performed a retrospective multicenter study in patients treated at the
Saint-Antoine and Mount Liban Hospital between May 2013 and June
2020. The inclusion criteria were as follow: adult patients, with B- and
T-lineage ALL, undergoing bone marrow (BM) or peripheral blood stem cell
(PBSC) transplant from an allogeneic human leukocyte antigen (HLA)-MSD,
10/10 MUD, 9/10 MMUD, or Haplo-HCT with TBF conditioning. TBF
regimens contained 5 or 10 mg/kg of thiotepa, intravenous (IV) busulfan
130 mg/m2/d (2 or 3 days), and Flu 30 mg/m2/d for 5 days.

For Ph-+ ALL, all patients received a tyrosine kinase inhibitor (TKI) prior
to allo-HCT, and also in the post-allo-HCT maintenance setting (between
day 60 and day 90), if hematological recovery allowed it.

Statistical analysis
The primary end point was OS. Secondary end points included LFS,
cumulative incidence (Cl) of relapse (RI), NRM, aGVHD, cGVHD, and GVHD-
free, relapse-free survival (GRFS) [25, 26]. LFS was defined as survival
without evidence of relapse or progression. LFS and OS probabilities were
calculated using the Kaplan-Meier estimates. Rl, NRM, and the probabilities
of aGVHD and cGVHD were calculated using Cl in a competing risk setting,
with death in remission treated as a competing event for relapse.
Minimal residual disease (MRD) response was assessed by PCR
amplification-based methods that use either leukemia-specific (fusion
gene transcripts) or patient specific (IG/TCR gene rearrangements)
molecular markers or by flow cytometry of leukemia-associated
immunophenotypes.

RESULTS

Patient characteristics

Fifty-five patients were included in the study. The demographics
of the population and disease characteristics are described in
Table 1. The median age was 51 years (range 17 to 72.4). The
gender distribution was almost equivalent, with 28 men (50.9%)
and 27 women (49.7%). A large majority of patients (n=51,
92.7%) had a diagnosis of B-ALL. Patients were fit at the time of
transplantation with a Karnofsky Performance Score of 90 in 53
(96.4%) of them. Most patients had poor-risk cytogenetics: seven
(13.2%) patients had a complex karyotype, 25 (47.2%) had a
1(9;22), two (3.8%) had a t(4;11) and one patient had near-
triploidy. Nine (17%) patients had a normal karyotype. Molecular
markers showed the presence of Ph+ in 25 (45.4%) patients and
a mixed-lineage leukemia (MLL) rearrangement in four (5.6%)
patients.

Thirty-four (61.9%) patients received an allograft as first line
treatment (CR1), 13 (23.6%) as second line (CR2) and eight (14.5%)
as 3rd line treatment (CR3). Fifty-three (96.4%) patients underwent
an allograft for the first time. At the time of transplantation, one
patient was in partial response, 39 patients (70.9%) were in CR and
15 (27.3%) patients were in cytological remission but had a
positive MRD.

Allograft characteristics

Allo-HCT characteristics are summarized in Table 2. The main stem
cell source (90%) was PBSCs. The median CD34+ cell dose was
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Table 1. Baseline characteristics of study population.
n=>55
Age patient
Median (range) 51 (17-72.4)
Patient sex
Male 28 (50.9%)
Female 27 (49.1%)

Karnofsky performance score

920 53 (96.4%)
80 2 (3.6%)
Diagnosis
B-ALL 51 (92.7%)
T-ALL 4 (7.3%)
Cytogenetics
Normal 9 (17%)
Complex 7 (13.2%)
1(9;22) 25 (47.2%)
t(4;11) 2 (3.8%)
Near triploid 1 (1.8%)
Other 9 (17%)
Missing 2
Minimal residual disease monitoring
Ig-TCR PCR 9 (16.7%)
Ph positive 25 (46.3%)
MLL 4 (7.4%)
FCM 16 (29.6%)
Missing 1
Allograft
First 53 (96.4%)
Second 2 (3.6%)
Previous treatments
1 34 (61.9%)
2 13 (23.6%)
3 8 (14.5%)

Status at transplant
Complete remission MRD negative 39 (70.9%)
15 (27.3%)

1 (1.8%)

Minimal residual disease positive
Partial response

Data are presented as n (%) or median (range).
FCM flow cytometry, MLL mixed-lineage leukemia, TCR T cell receptor.

6.7 % 10%kg (range, 0.8-10.5). Donor specific antibodies (DSA)
were identified in 3 (5.5%) patients but with a non-significant rate
(<2000 mean fluorescence intensity). Thirty-four (61.8%) donors
were male. Only nine (16.4%) male patients received a graft from a
female donor. Twenty-seven (49.1%) patients were transplanted
from an MSD, ten (18.2%) from a MUD, two (3.6%) patients from
an MMUD (9/10), and 16 (29.1%) from a Haplo donor. GVHD
prophylaxis was based on a combination of cyclosporine A (CsA)
and mycophenolate mofetil (MMF) in 36 (65.5%) patients, CsA and
methotrexate (MTX) in one patient, and the administration of CsA
alone in 18 (32.7%). In addition, patients received a median dose
of 2 days of antithymocyte globulin (ATG). Post-transplant
cyclophosphamide (PTCy) at a dose of 35 to 50 mg/Kg/day over
2 days was administered to Haplo allo-HCT recipients, and to one
patient with an MMUD.
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Table 2. Allograft characteristics.

N=55
Type of donor
MSD
MUD
MMUD (9/10)

Haploidentical

27 (49.1%)
10 (18.2%)
2 (3.6%)
16 (29.1%)

Donor sex
Male 34 (61.8%)
Female 21 (38.2%)

Female to male combination
No 46 (83.6%)
Yes 9 (16.4%)
Stem cell source
5 (9.1%)
50 (90.9%)

Bone Marrow
PBSC
Total infused CD34 positive cells (10e6/kg)

Median (range) 6.7 (0.8-10.5)
Regimen

T1B2F 17 (30.9%)

T1B3F 18 (32.7%)

T2B2F 1 (1.8%)

T2B3F 19 (34.5%)
ATG days

Median (min-max) 2 (0-3)
ATG dose mg/kg

Median (min-max) 5 (0-6)
GvHD prevention

CsA 18 (32.7%)

CsA_MMF 36 (65.5%)

CsA_MTX 1 (1.8%)

Data are presented as n (%) or median (range).

MSD matched sibling donor, MUD matched unrelated donor, MMUD
mismatched unrelated donor, PBSC peripheral blood stem cells, ATG
antithymocyte globulin, GvHD graft-versus-host disease, Csa cyclosporine
A, MMF mycophenolate mofetil, MTX methotrexate.

Engraftment and infections
All patients engrafted at a median time of 15 days (range, 5-27)
(Table 3).

Several patients developed viral infections: 14 (25.5%) patients
had BK virus (BKV) reactivation with clinical cystitis (seven patients
received immunoglobulin therapy, and two patients a combina-
tion of immunoglobulin and cidofovir). Among these 14 patients
who developed a clinical hemorrhagic cystitis: half received a allo-
HCT form a haploidentical donor, 3 from a MSD and 4 from a MUD.
Cytomegalovirus (CMV) reactivation occurred in 32 (58.2%)
patients, and 26 (47.3%) had Epstein-Barr Virus (EBV) viremia but
no post-transplant lymphoproliferative disease (PTLD). Of the ten
(18.2%) patients who reactivated HHV6, two required treatment,
one with cidofovir for fever and rash, and one with immunoglo-
bulin for fever.

Four (5.5%) patients had a fungal infection, including three with
Aspergillus and one with Candida. It was probable pulmonary
aspergillosis with radiological signs and positivity of blood fungal
markers. Only one patient had clinical expression (cough).

During follow-up, nine patients were transferred to the
intensive care unit (ICU), one of whom died from a relapse of

Bone Marrow Transplantation (2023) 58:61 - 67

Table 3. Follow-up post-allograft.
Engraftment
Engrafted 55 (100%)
Time to ANC > 500 median (range) 15 (5-27)
Infection
BKV hemorrhagic cystitis
No 41 (74.5%)
Yes 14 (25.5%)
CMV
No 23 (41.8%)
Yes 32 (58.2%)
EBV
No 29 (52.7%)
Yes 26 (47.3%)
HHV6
No 45 (81.8%)
Yes 10 (18.2%)
Fungal infection
No 51 (92.7%)
Yes 4 (7.3%)
Type of fungal infection n (%)
Aspergillus 3 (5.5%)
Candida 1 (1.8%)
ICU
missing 1
No 45 (83.3%)
Yes 9 (16.7%)

Data are presented as n (%) or median (range).
ANC absolute neutrophil count, BKV BK virus, CMV cytomegalovirus, EBV
Epstein-Barr Virus, HHV6 human herpesvirus 6, ICU intensive care unit.

his disease. The others were admitted because of neurological
impairment (2), respiratory failure (3), sepsis (1), cardiogenic shock
(1) and one patient because of aGVHD.

Prophylaxis treatment was administered in 30 patients: 9
patients received prophylactic intrathecal chemotherapy alone,
9 patients received a TKI (5 alone, 3 with an association of
prophylactic cranial radiotherapy and one with association of
prophylactic intrathecal chemotherapy). Four received DLI: 3 for
ALL relapse and one for MRD positivity.

Outcomes

Median follow-up was 42.8 months. At 2 years, OS was 73.2% (95%
Cl, 58.9-83.2), LFS 59.5% (95% Cl, 45.2-71.2), Rl 27.7% (95% Cl,
16.5-40.1) and NRM 12.8% (95% Cl, 5.6-23.2) (Fig. 1 and
Table 1-supplementary data). At 5 years, OS was 64% (95% Cl,
48.8-75.7), LFS 534 % (95% Cl, 38.2-66.5), Rl 31.5% (95% Cl,
18.6-45.3) and NRM 15% (95% Cl, 6.9-26.1) (Table 1-supplementary
data). The day 180 cumulative incidences of grade II-IV aGVHD and
grade llI-IV aGVHD were 38.2% (95% Cl, 25.4-50.9) and 5.5% (95%
Cl, 1.4-13.7), respectively (Fig. 2 and Table 2-supplementary data).
The cGVHD rate at 2 years was 16.9% (95% Cl, 8.2-28.2), and the
extensive cGVHD rate was 1.9% (95% Cl, 0.1-8.9) (Fig. 2 and
Table 2-supplementary data). The GRFS at 2 years was 57.6% (95%
Cl, 43.4-69.5), and at 5 years was 51.8% (95% Cl, 36.7-64.9) (Fig. 2
and Table 1-supplementary data). No statistically significant
difference on outcomes were observed considering the types of
donors (Table 3-supplementary data).
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Of the 15 patients who were MRD positive before allograft, six
relapsed. Nineteen patients died: 11 from relapse, four from
infections, two from aGVHD of the gastrointestinal tract, and one
from secondary myelodysplastic syndrome.

DISCUSSION

In this retrospective study, we assessed the feasibility and toxicity of
TBF conditioning in ALL patients with indication for transplantation,
regardless of their status at the time of transplantation (CR1 or not) or
their age. Post-transplant outcomes were relatively good with 5-year
OS of 64% and 5-year NRM of 15%. These results are similar to
published data on MAC and other RIC regimens. Indeed, Giebel et al.
analyzed data from 4859 patients with ALL in CR1 who received an
allograft between 1993 and 2012 after MAC including TBI [4]. The
2-year NRM was 11-29% in those younger than 55 years, and the
3-year NRM was 23-24% in those older than 60 years [4]. Overall
survival was 60-76% at 2 years in patients under 55 years of age and
only 39-46% at 3 years in patients aged over 60 years [4]. Another
retrospective study, conducted on allografts for ALL between 1993
and 2006, found a 2-year NRM of 20% for standard-risk ALL and a
NRM of 36% for high-risk ALL, with an OS at 5 years of 63% [3]. These
two important studies were performed before 2012, and since then,
improved preventive and curative treatment of infections (especially
fungal), and the use of ATG or PTCy for transplants from unrelated
donors to reduce the risk of acute or cGVHD, have significantly
reduced patients’ NRM and improved their quality of life. [27]. Several
studies using a RIC regimen have found equivalent NRM rates of
between 14 and 23% [28-30].

In a retrospective study comparing TBl-based versus
chemotherapy-based conditioning regimens, Greil et al. reported
a 5-year NRM of 20.6% with TBI versus 34.8% in the chemotherapy
group [31]. In a study by Swoboda et al. that compared TBI-Flu

SPRINGER NATURE

versus TBF conditioning for adults with ALL in CR1/CR2 treated
with Haplo allo-HCT, TBI-Flu was associated with a reduced risk of
NRM at 2 years (19.5%) compared to TBF (30.9%) [11]. In our study
we did not find such a high CI of NRM. We obviously did not only
study Haplo allo-HCT as in Swoboda'’s study. However, it should be
emphasized that our cohort median age (51 years) was higher
than those of the Eders and Swoboda cohorts, which were 30 and
36 years, respectively [10, 11]. NRM is a real issue in the
management and in the decision-making of allo-HCT. The
acceptable rate of NRM in our study may be related to the fact
that most patients were transplanted in CR1, which influences the
NRM by decreasing the risk of cumulative toxicity. In addition,
these results could be attributed both to age and to the few
comorbidities of the patients. Indeed, 96% of the patients had a
Karnosky score of 90 at the time of transplantation.

Several factors, such as better patient selection and improved
care surrounding transplantation [4, 32], have led, in addition to
the use of RIC, to NRM improvement over the past 10 years.

A further important parameter is the reduction of the risk of
GVHD. In our study, we found a low incidence of GVHD IlI-IV (5.5%)
and only 1.9% of extensive cGVHD, which clearly impacts the NRM.
TBI has been shown (in large cohorts) to be a risk factor for GVHD,
like patient age, HLA mismatch, and the use of alternative donors
[33, 34]. In our study, the use of ATG, validated GVHD prophylaxis,
and the use of PTCy for alternative donor transplants enabled
achievement of an acceptable incidence of GVHD.

Of note, there was no veno-occlusive disease (VOD) in our
cohort, whereas one study showed an incidence of VOD of 5.3% in
patients who received RIC with busulfan [35].

MAC has long been preferred because it allows better clearance
of the disease, decreases the risk of relapse due to the graft-
versus-leukemia (GVL) effect, and thus improves long-term patient
survival [4, 7, 22, 31, 36]. A TBl-based regimen is the conditioning

Bone Marrow Transplantation (2023) 58:61-67
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of choice in ALL because several retrospective studies have
demonstrated its superiority over other MAC regimens by
providing a more durable immunosuppression together with
avoiding variations in the distribution and interactions of drugs
[4, 31, 37-39]. With an OS at 2 years of 73.2% and at 5 years of
64%, and an IR of 31.5% at 5 years in patients with a median age
of 55 years, TBF conditioning seems to be a good option. These
results are equivalent to the survival with TBI and are even
increased compared to the OS in patients over 60 years old which
is less than 46% [4]. Only one patient in our cohort of allograft
patients was refractory at the time of transplantation, a factor
known to be significantly associated with poorer OS [40].

Slightly more than half of our patients received relapse
prevention therapy, which may have impacted patient survival.
In the last few years, the importance of implementing a post-
transplant maintenance treatment has been clearly demonstrated.
The first results were obtained with the use of TKls in Ph positive
ALL for at least 2 years post-transplant, which significantly
decreased the risk of relapse, and thus increased the overall
patient survival [41-43].

However, despite its long follow-up, our study has limitations
related to its retrospective nature, and to the cohort size which did
not permit analysis of subgroup data, especially with respect to
the different TBF dosing regimens, or patient age.

In summary, the TBF regimen is an attractive conditioning
regimen in adult ALL with good OS, good safety profiles and
acceptable toxicity. To validate these promising results, prospec-
tive study cohorts of adult patients are needed.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding
author, AB, upon reasonable request.
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