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Abstract
Treatment of relapsed/refractory acute lymphoblastic leukemia (RR-ALL) remains a clinical challenge with generally dismal
prognosis. Allogeneic stem-cell transplantation using sequential conditioning (“FLAMSA”-like) has shown promising
results in relapsed/refractory acute myeloid leukemia, but little is known about its efficacy in RR-ALL. We identified 115
patients (19–66 years) with relapsed (74%) or primary-refractory (26%) ALL allografted from matched related (31%),
matched unrelated (58%), or haploidentical donor (11%). Median follow-up was 37 (13–111) months. At day 100,
cumulative incidences of grade II–IV/III–IV acute graft-versus-host-disease (GVHD) were 30% and 17%, respectively.
Two-year cumulative incidence of chronic GVHD was 25% with 11% extensive cases. Two-year relapse incidence (RI) was
45%, non-relapse mortality was 41%. Two-year leukemia free survival (LFS) was 14%, overall survival (OS) 17%, and
GVHD relapse-free survival (GRFS) was 14%. In multivariable analysis, Karnofsky score <90 negatively affected RI, LFS,
OS, and GRFS. Conditioning with chemotherapy alone, compared with total body irradiation (TBI) negatively affected RI
(HR= 3.3; p= 0.008), LFS (HR= 1.94; p= 0.03), and OS (HR= 2.0; p= 0.03). These patients still face extremely poor
outcomes, highlighting the importance of incorporating novel therapies (e.g., BITE antibodies, inotuzumab, CAR-T cells).
Nevertheless, patients with RR-T-cell ALL remain with an unmet treatment need, for which TBI-based sequential
conditioning could be one of few available options.

Introduction

Relapsed/refractory ALL (RR-ALL) is associated with a
dismal prognosis, with 5-year overall survival (OS) from
first relapse of only 10% [1–4]. Despite recent advances in
upfront ALL therapies demonstrating up to 85–90% com-
plete remission (CR) rates with improved OS [5, 6], at least

one-third of standard-risk and two-thirds of high-risk
patients eventually relapse, posing a serious challenge. CR
rates after the first relapse drop drastically to 30–44%, and
even further to 20–25% after the second relapse [3, 7, 8].
While new treatment modalities such as CAR-T cells appear
to offer unprecedented CR rates in heavily treated ALL
patients, data suggest that such responses are not very
durable in some patients [9]. Allogeneic stem-cell transplant
(allo-SCT) remains the only curative approach for RR-ALL
patients who achieve CR, but <50% of patients make it to
transplant, with some reported rates as low as 10–30%
[1, 2, 10, 11].

Sequential conditioning-based allo-SCT has long been
established as an effective therapy approach for high-risk
and relapsed refractory AML [12–16]. While some
studies have looked into sequential conditioning in ALL
patients [17], very few data are currently available, and
little is known about its safety and efficacy in RR-ALL.
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The purpose of the present study is therefore to assess
the outcomes of RR-ALL patients undergoing allo-SCT
using sequential conditioning. Since most transplants in
this setting currently include total body irradiation (TBI)
due to its established advantages, the study aims at spe-
cifically comparing TBI-based regimens to standard che-
motherapy [18].

Materials and methods

Study design and data collection

This was a retrospective, registry-based, multicenter analysis.
Data were provided and approved by the EBMT Acute
Leukemia Working Party. The EBMT is a voluntary colla-
borating working group of more than 600 transplant centers
that are required to report all consecutive stem-cell trans-
plantations and follow-up once a year, with regularly per-
formed audits to determine the accuracy of the data. Since the
1st of January 2003, all transplantation centers have been
required to obtain written informed consent prior to data
registration with the EBMT, as per the Declaration of
Helsinki of 1975.

Eligibility criteria for this analysis included adult patients
(those aged >18 years) with primary refractory or relapsed
ALL who received a first allo-SCT between 2000 and 2017
using sequential conditioning from an HLA-matched rela-
ted, unrelated, or haploidentical donor with bone marrow or
peripheral blood stem cells, with no ex-vivo stem-cell
manipulation. Patients who received cord blood or mis-
matched stem cells were excluded.

Variables collected included recipient and donor age and
gender, date of diagnosis, previous auto-transplants, disease
status, and Karnofsky score at the time of transplant.
Transplant-related factors included date, conditioning regi-
men, in vivo T-cell depletion, donor type, and patient and
donor cytomegalovirus (CMV) status.

Definitions

Sequential conditioning was defined as any regimen that
combines a short, intensive course of salvage chemotherapy
to decrease leukemia cell burden followed by transplant
conditioning [19]. Myeloablative conditioning (MAC) was
defined as a regimen containing either TBI with a dose
equal or greater than 8 Gy, a total dose of oral busulfan (Bu)
greater than 8 mg/kg, or a total dose of intravenous Bu
greater than 6.4 mg/kg. All other regimens were defined as
reduced intensity conditioning (RIC) [20]. Diagnosis and
grading of acute [21] and chronic GVHD [22] were per-
formed by transplant centers using standard criteria. High-
resolution HLA allele typing at loci A, B, C, DRB1, and

DQ was retrieved from the EBMT registry for both the
patient and the donor.

Endpoints

Endpoints included leukemia free survival (LFS), OS, non-
relapse mortality (NRM), relapse incidence (RI), acute and
chronic GVHD, and GVHD and relapse-free survival
(GRFS), with all outcomes measured from the time of allo-
SCT. LFS was defined as survival without leukemia relapse
or progression, with patients censored at the time of last
contact. OS was defined as the time until death from any
cause occurred. NRM was defined as being alive until death
with no previous leukemia relapse. GRFS was defined as
being alive with neither grades 3–4 acute GVHD, extensive
chronic GVHD, nor relapse [23]. Surviving patients were
censored at the time of last contact.

Statistical analysis

The Kaplan–Meier method was used to calculate the
probabilities of OS and LFS. Cumulative incidence func-
tions were used to estimate RI and NRM in a competing risk
setting. Death and relapse were considered as competing
events for acute and chronic GVHD.

Patient, disease, and transplant-related characteristics were
compared either by Wilcoxon signed rank tests or
Mann–Whitney test for continuous variables, chi-square or
McNemar test for categorical variables. Comparison of the
outcome was performed using a Cox model. Results were
expressed as hazard ratio (HR) with 95% confidence interval
(CI). All tests were two sided. The type-1 error rate was fixed
at 0.05 for determination of factors associated with time to
event outcomes. All analyses were performed using SPSS
24.0 (SPSS Inc, Chicago, IL, USA) and R version 3.4.0 (R
Core Team. R: a language for statistical computing. 2014. R
Foundation for Statistical Computing, Vienna, Austria).

Results

Patient and transplantation characteristics

One hundred and fifteen patients (39% females; median age
38 years; range 18–66) met the eligibility criteria and were
included in this study (Tables 1, 2 and Supplementary Table
1). Patients had either primary refractory (26%) or relapsed
ALL (43% first relapse, 31% second relapse or more); out
of 69 patients with reported diagnosis, 49% had T-ALL and
23% were Philadelphia chromosome positive. Six patients
(5%) underwent previous auto-transplant. The Karnofsky
score was above 90 in 52% of the patients. Conditioning
was MAC with high dose TBI in 30% of the patients, RIC
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including low dose TBI in 22%, and with chemotherapy
alone (MAC or RIC) in 48%, most commonly involving
cytarabine, fludarabine, and cyclophosphamide-based

regimens. In vivo T-cell depletion (TCD) was used in 77
patients (69%). Most patients (74%) and about half of the
donors (47%) were CMV positive. Fourteen percent of

Table 1 Patient characteristics Clinical characteristics N (%)/Median
[Range]

TBI MAC TBI RIC Chemotherapy p

(n= 115) (n= 34) (n= 26) (n= 55)

Age, years 38 [18–66] 38 [23–58] 45 [21–66] 38 [19–65] 0.2

Year of Tx 2011 [2000–2017] 2012 [2000–2017] 2009 [2001–2016] 2009 [2000–2016] 0.2

Time diagnosis
to HSCT

10 [3–126] 9 [3–38] 8 [3–78] 13 [3–126] 0.1

Status at transplant

Primary refractory 30 (26) 9 (26) 7 (27) 14 (25) 0.1

First relapse 49 (43) 14 (41) 16 (62) 19 (35)

Second relapse
or more

36 (31) 11 (32) 3 (12) 22 (40)

Diagnosis

Ph- B-ALL 19 (28) 3 (13) 3 (23) 13 (39) 0.1 f

Ph+ B-ALL 16 (23) 4 (18) 3 (23) 9 (27)

T-ALL 34 (49) 16 (70) 7 (54) 11 (33)

Karnofsky score

<90 44 (48) 16 (59) 7 (30) 21 (51) 0.1

≥90 47 (52) 11 (41) 16 (70) 20 (49)

Gender

Male 70 (61) 19 (56) 18 (69) 33 (60) 0.6

Female 45 (39) 15 (44) 8 (31) 22 (40)

Patient CMV serology

CMV− 26 (26) 13 (43) 5 (21) 8 (17) 0.03

CMV+ 74 (74) 17 (57) 19 (79) 38 (83)

Previous auto-transplant

Yes 6 (5) 1 (3) 2 (8) 3 (5) 0.8 f

No 109 (95) 33 (97) 24 (92) 52 (95)

TBI total body irradiation, MAC myeloablative conditioning, RIC reduced intensity conditioning, Ph
Philadelphia, CMV cytomegalovirus, f Fisher test

Table 2 Transplant
characteristics

Clinical Characteristics N (%)/Median [Range] TBI MAC TBI RIC Chemotherapy p

(n= 115) (n= 34) (n= 26) (n= 55)

Donor

Matched sibling 36 (31) 11 (32) 5 (19) 20 (36) 0.1 f

Unrelated 66 (57) 22 (65) 18 (69) 26 (47)

Haploidentical 13 (11) 1 (3) 3 (12) 9 (16)

Donor Gender

Male 75 (67) 21 (64) 19 (73) 35 (66) 0.7

Female 37 (33) 12 (36) 7 (27) 18 (34)

Donor CMV serology

CMV− 54 (54) 19 (61) 13 (54) 22 (48) 0.5

CMV+ 47 (47) 12 (39) 11 (46) 24 (52)

Female to male

Yes 16 (14) 4 (12) 4 (15) 8 (15) 0.9 f

No 99 (86) 30 (88) 22 (85) 47 (85)

In vivo T-cell depletion

Yes 77 (69) 26 (76) 20 (80) 31 (58) 0.08

No 35 (31) 8 (24) 5 (20) 22 (42)

TBI total body irradiation,MAC myeloablative conditioning, RIC reduced intensity conditioning, f Fisher test
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patients were males who received a graft from a female
donor. Patients were allografted from a matched related
(31%), matched unrelated (58%), or haploidentical donor
(11%). The median follow-up of alive patients was
37 months (IQR 13–111).

Transplant outcomes

Day-100 acute GVHD grades II–IV and III–IV were
encountered in 30% and 17% of patients, respectively,
whereas the 2-year cumulative incidence of chronic GVHD
was 25% with 11% developing extensive disease. The 2-
year RI was 45% and NRM 41%. The 2-year LFS, OS, and
GRFS were 14%, 17, and 12%, respectively. The main
causes of death in 87 patients were the primary disease (31
patients; 37%), infections (26 patients; 31%), and GVHD
(15 patients; 18%) (Table 3).

In univariate analysis, patient age, ALL subtype, status
at transplant, year of transplant, donor type, patient and

donor gender, female to male donor, patient CMV serol-
ogy, and in vivo TCD did not affect any of the transplant
outcomes (Supplementary Tables 2 and 3). On the other
hand, the outcomes were affected by the Karnofsky score,
donor CMV serology, and the choice of conditioning
regimen. Patients with a Karnofsky score above 90 had a
significantly better outcome as compared with those
below, with relapse rates of 31% versus 59% (p < 0.005),
2-year LFS of 18% versus 3% (p < 0.005), 2-year OS of
21% versus 6% (p < 0.01), and 2-year GRFS of 17%
versus 3%, respectively (p < 0.05) (Supplementary
Tables 2 and 3). Finally, the choice of conditioning with
MAC TBI, RIC TBI, and chemo alone was also associated
with a significantly different 2-year LFS of 20, 25, and
7%, respectively (p < 0.001), OS of 34, 25, and 7%,
respectively (p < 0.005), and GRFS of 16, 17, and 7%
(p= 0.07) (Fig. 1 and Supplementary Tables 2 and 3). Of
note, patients with T-ALL had better LFS, OS, and GRFS
compared with B-ALL patients, although the differences
did not achieve statistical significance, with no consider-
able differences between Philadelphia positive and
negative patients in all outcomes (Supplementary Tables 2
and Fig. 2).

Multivariate analysis

In multivariate Cox analysis, a Karnofsky score above 90
positively affected relapse rates (HR= 0.21; p= 0.0001),
LFS (HR= 0.47; p= 0.005), OS (HR= 0.48; p= 0.008),
and GRFS (HR= 0.62; p= 0.06) (Table 4). Conversely,
conditioning with chemotherapy alone compared with
MAC TBI-based regimens negatively affected relapse rates
(HR= 3.3; p= 0.008), LFS (HR= 1.94; p= 0.03), and OS
(HR= 2.03; p= 0.03). Although there were no significant
differences between MAC TBI and RIC TBI conditionings,
the RIC TBI group had better outcomes across all endpoints
(RI, NRM, LFS, OS, GRFS, aGVHD, and cGVHD) com-
pared with MAC TBI group.

Table 3 Causes of death

Clinical
Characteristics

N (%) TBI MAC TBI RIC Chemotherapy

(n= 87) (n= 23) (n= 18) (n= 46)

Original disease 31 (37) 10 (44) 4 (25) 17 (38)

Infection 26 (31) 5 (22) 9 (56) 12 (27)

GVHD 15 (18) 6 (26) 3 (19) 6 (13)

Interstitial
pneumonitis

3 (4) 0 (0) 0 (0) 3 (7)

VOD 3 (4) 1 (4) 0 (0) 2 (4)

Cardiac toxicity 1 (1) 0 (0) 0 (0) 1 (2)

Failure/Rejection 1 (1) 0 (0) 0 (0) 1 (2)

Other transplant
related

4 (4) 1 (4) 0 (0) 3 (7)

Missing 3 0 2 1

RIC reduced intensity conditioning, MAC myeloablative conditioning,
GVHD graft-versus-host disease, VOD veno-occlusive disease
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Fig. 1 Leukemia-free survival and overall survival by conditioning regimen. TBI total body irradiation, MAC myeloablative conditioning, RIC
reduced intensity conditioning
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Discussion

In this study, we evaluated the predictive factors for post-
transplant outcomes in a data set of 115 patients from the
EBMT registry using sequential conditioning in RR-ALL.
We found that RI, LFS, OS, and GRFS were significantly
better in patients with Karnofsky scores above 90 at trans-
plant, which is in agreement with previously published data
[24]. Outcomes were also significantly better in patients
who received TBI-based conditioning compared to che-
motherapy alone. These results may help guide the treat-
ment choice for RR-ALL.

There is much debate concerning the optimal pre-
transplantation conditioning for ALL patients. While pro-
spective randomized trials have yet to establish a definitive
answer, many large multicenter retrospective studies sug-
gest reduced relapse rates and a survival advantage with
TBI-based regimens compared to chemotherapy alone
[18, 25]. TBI was in fact shown as superior to many popular
chemo-based conditionings, especially in young fit patients
with T‐ALL and refractory disease [11, 26]. Despite the
toxicities and long term complications associated with TBI,
it appears to be mandatory in the setting of RR-ALL, even
though results remain relatively poor in this population.
However, new radiation-free strategies including thiotepa-
based conditioning are emerging, with retrospective studies
suggesting its noninferiority to TBI-based regimens in terms
of survival and decreased overall long term toxicities [27].
Randomized trials are still needed to further explore the role
of thiotepa in replacing TBI, especially in RR-ALL patients.
Another TBI alternative could be the use of intravenous
busulfan (Bu)-containing conditioning regimens [28].
Recently published data compared 819 ALL patients who
received TBI with 299 patients with Bu-based regimens,
and while Bu patients had higher risk of relapse in multi-
variate analysis, both groups had similar OS (TBI 53%
versus Bu 57%) and DFS (TBI 48% versus Bu 45%) [28].
This further highlights the extreme toxicities associated

with TBI which does not necessarily always improve
patient survival. Another newly emerging approach with the
evolution of radiation techniques is the focus of TBI dose
solely to the skeleton sparing the rest of the body. This total
marrow irradiation is able to deliver the same or even higher
doses to the infiltrated marrow while reducing overall
toxicity, thus further moving into ultra-personalized con-
ditioning [29].

Treating RR-ALL remains a clinical challenge. Its
prognosis is generally dismal, with cure rates barely
reaching 10% [1–4]. Achieving CR with chemotherapy
alone is usually very difficult in these patients, making
sequential based conditioning an acceptable alternative.
Recent advances in targeted and immune therapies could
potentially offer more options for treating RR-ALL. Ino-
tuzumab ozogamicin, for instance, has been shown to
increase the likelihood of reaching CR and to improve OS
compared with standard chemotherapy in patients with
RR B-cell precursor ALL [30]. Blinatumomab has shown
similar advantages in the RR setting, with increased CR
rates and an OS advantage [31]. The combination of bli-
natumomab and tyrosine kinase inhibitors, namely pona-
tinib, for the treatment of Philadelphia positive RR-ALL
has produced very encouraging results [32, 33]. Treatment
with these drugs could also potentially be useful as a
bridge for transplant, thus allowing more patients to
undergo the only curative measure for RR-ALL, allo-
SCT. The use of inotuzumab in this setting however could
increase the risk of veno-occlusive disease, making bli-
natumomab a better choice. For patients who relapse after
transplant, offering a second allo-SCT is an option.
However, recent data by the EBMT Acute Leukemia
Working Party showed poor outcomes with OS and GRFS
at 5 years of only 14% and 7%, respectively, with very
high relapse rates [34]. Chimeric antigen receptor (CAR)
T-cells have also emerged as another option for the
treatment of RR-ALL—tisagenlecleucel, a CD19-directed
CAR-T, yielded unprecedented results, with CR rates
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reaching 80% in heavily pretreated, mostly pediatrics’
ALL [35]. This led to its recent approval by the FDA as
salvage therapy for young (≤25 years), fit RR-ALL

patients, with studies yet to investigate its role in older,
frailer patients [36].

An important aspect to consider when evaluating
patients with RR-ALL for the optimal treatment strategy
is the ALL subtype. As previously discussed, patients
with B-cell RR-ALL have many alternatives to standard
chemotherapy with the inclusion of novel agents, tyrosine
kinase inhibitors when appropriate for Philadelphia posi-
tive patients, and even the use of CAR-T cells. Little
progress, however, has been achieved for T-ALL patients,
for whom an unmet need of better treatment remains.
Nelarabine was granted accelerated approval by the U.S.
Food and Drug Administration in 2005 for the treatment
of patients with T-cell RR-ALL, and remains the only
agent approved for this subpopulation [37]. Venetoclax is
another promising option, with pre-clinical studies sug-
gesting good response in T-ALL patients, particularly
with immature or early T-cell precursor phenotype
[38, 39]. Sequential conditioning-based therapy with the
inclusion of TBI is therefore one of the few options cur-
rently available for this challenging subpopulation with
few alternatives, further highlighting its importance.

The study was limited by its sample size, its lack of
homogeneity in used conditionings across centers and its
retrospective nature. Prospective clinical trials are required
to fully understand the role of sequential conditioning in
this population.

Conclusion

Allo-SCT using a sequential conditioning regimen can be
proposed in RR-ALL, especially when considering a TBI-
based regimen in patients with good Karnofsky score.
However, the overall 2-year LFS of 14% suggests that
these patients still face extremely poor outcomes, high-
lighting that other therapies (e.g., BITE antibodies, ino-
tuzumab, CAR-T cells) need to be used. Ideally, these
agents need to be combined with allo-SCT as patients can
still relapse post novel agents use, possibly making allo-
SCT the last available salvage treatment [40]. The need
for novel strategies is also particularly crucial for T-ALL
patients, for whom TBI-based sequential conditioning
followed by allo-SCT is one of the few options currently
available.
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Table 4 Multivariate analysis

Outcomes Variables HR 95% CI p value

RI TBI MAC (reference) 1 –

TBI RIC 0.75 0.25–2.3 0.6

Chemotherapy alone 3.3 1.37–7.98 0.008

Relapse versus primary
refractory

1.18 0.53–2.65 0.7

Karnofsky ≥90 0.21 0.09–0.46 0.0001

Donor CMV+ 2.18 1.03–4.61 0.04

NRM TBI MAC (reference) 1 –

TBI RIC 0.91 0.36–2.3 0.8

Chemotherapy alone 1.24 0.51–3.01 0.6

Relapse versus primary
refractory

1.67 0.71–3.95 0.2

Karnofsky ≥90 0.97 0.46–2.04 0.9

Donor CMV+ 1.28 0.62–2.63 0.5

LFS TBI MAC (reference) 1 –

TBI RIC 0.86 0.42–1.74 0.7

Chemotherapy alone 1.94 1.05–3.6 0.03

Relapse versus primary
refractory

1.44 0.81–2.56 0.2

Karnofsky ≥90 0.47 0.28–0.80 0.005

Donor CMV+ 1.62 0.97–2.72 0.07

OS TBI MAC (reference) 1 –

TBI RIC 0.99 0.48–2.05 1

Chemotherapy alone 2.03 1.07–3.85 0.03

Relapse versus primary
refractory

1.4 0.79–2.51 0.3

Karnofsky ≥90 0.48 0.28–0.82 0.008

Donor CMV+ 1.55 0.92–2.62 0.1

GRFS TBI MAC (reference) 1 –

TBI RIC 0.84 0.39–1.8 0.7

Chemotherapy alone 1.33 0.69–2.55 0.4

Relapse versus primary
refractory

0.96 0.53–1.75 0.9

Karnofsky ≥90 0.62 0.36–1.06 0.08

Donor CMV+ 1.66 0.97–2.85 0.06

aGVHD II-
IV

TBI MAC (reference) 1 –

TBI RIC 0.67 0.21–2.18 0.5

Chemotherapy alone 0.5 0.13–1.93 0.3

Relapse versus primary
refractory

0.54 0.17–1.71 0.3

Karnofsky ≥90 2.93 1.06–8.09 0.04

Donor CMV+ 1.07 0.36–3.22 0.9

cGVHD TBI MAC (reference) 1 –

TBI RIC 0.59 0.11–3.06 0.5

Chemotherapy alone 0.46 0.06–3.4 0.5

Relapse versus primary
refractory

1.33 0.35–5.08 0.7

Karnofsky ≥90 1.61 0.37–7 0.5

Donor CMV+ 1.31 0.35–4.84 0.7

RIC reduced intensity conditioning, MAC myeloablative conditioning,
NRM non relapse mortality, RI relapse incidence, LFS leukemia free
survival, GRFS Graft-versus-host disease and relapse-free survival, OS
overall survival, aGVHD Acute graft-versus-host disease, cGVHD
chronic graft-versus-host disease, CMV cytomegalovirus
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