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Allogeneic hematopoietic stem cell transplantation (alloHSCT) is the best consolidative treatment for high-risk acute lymphoblastic
leukemia (ALL). The Campus ALL study group analyzed the clinical outcomes of patients treated in the real-life with the pediatric-

inspired and minimal/measurable residual disease (MRD)-oriented GIMEMA LAL1913 protocol who underwent alloHSCT. Key factors
impacting on outcomes were MRD and remission status (1°* complete remission vs DS complete remission) at transplant. MRD
positivity was associated with poorer outcomes, with 3-year overall survival (OS) and disease-free survival (DFS) of 47% and 41% in
MRD-positive patients compared to 80% and 70% in MRD-negative patients. Additionally, MRD negativity was associated with
improved outcomes also for patients in 2nd complete remission with 3-year OS and DFS rates of 60% and 56%, respectively, compared
to only 13% for both outcomes in MRD-positive cases. Patients older than 55 years showed survival rates comparable to younger
patients, despite having a slightly higher non-relapse mortality, which remained below 20% at 3 years. These findings underscore the
crucial role of alloHSCT in high-risk ALL and emphasize the importance of an early accurate disease risk allocation. The adverse
outcome observed with MRD positivity advocates for early pre-transplant intervention with immunotherapy, whenever possible.
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INTRODUCTION

In recent years, the adoption of risk-oriented, pediatric-inspired
chemotherapy protocols has significantly improved the clinical
outcomes of adult patients affected by acute lymphoblastic
leukemia (ALL)/lymphoblastic lymphoma (LBL). Recent clinical trials
using this approach reported long-term survival rates of up to
50-70% [1-6]. Similarly, the Gruppo Italiano Malattie EMatologiche
dell’Adulto (GIMEMA) recently published the results of a multicenter
phase 2 study, GIMEMA LAL1913 (NCT02067143), showing at 3
years an overall survival (OS) of 67%. Based on these results, this
protocol has become the current standard of care for newly
diagnosed adult Philadelphia-negative (Ph-) ALL patients in Italy [7].
The LAL1913 protocol provides indications for allogeneic stem cell
transplantation (alloHSCT) in first complete remission (CR1), based
on a joint assessment of clinical and biological disease character-
istics at baseline and measurable residual disease (MRD) evaluation
at pre-specified time points during the chemotherapy cycles. The

intention-to-transplant analysis of the clinical trial showed that
patients deemed eligible for alloHSCT who underwent transplant
had a superior 3-year disease-free survival (DFS) rate (75% vs 26%),
with a low non-relapse mortality (NRM) [7]. The Campus ALL study
group recently analyzed the clinical outcomes of 421 patients
treated in the real life according to the GIMEMA LAL1913 protocol.
At 3 years, the OS and DFS were similar to those observed in the
clinical trial [8]. However, neither the clinical trial [7] nor the real-life
study [8] specifically analyzed the clinical outcomes of the subset of
patients who underwent an alloHSCT. Most of the scientific
evidence regarding the role of alloHSCT in ALL comes from
international registry analyses, encompassing patients treated with
different chemotherapy protocols and with different indications
and timing for transplant allocation. Consequently, the clinical
outcomes of patients homogeneously treated according to a
modern pediatric-inspired, MRD-oriented chemotherapy protocol
and receiving an alloHSCT remain poorly studied.
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Based on this background, we analyzed the characteristics and
clinical outcomes of adult ALL patients treated in a real-life setting
according to the GIMEMA LAL1913 protocol, specifically focusing
on those undergoing alloHSCT consolidation.

SUBJECTS AND METHODS

Patient population and study endpoints

We considered consecutive ALL patients treated in a real-life setting
according to the GIMEMA LAL1913 protocol who underwent an alloHSCT
between August 2016 and January 2023. Data were retrospectively
collected from 36 Italian Campus ALL network centers. Outcomes included
in the analysis were OS, DFS, cumulative incidence of relapse (CIR), NRM,
and graft-versus-host disease and relapse-free survival (GRFS). This
observational study was approved by the Ethics Committee of Friuli
Venezia Giulia (Ethical Approval Number CEUR-2022-0S-03) and conducted
in accordance with the Declaration of Helsinki.

Study design, risk stratification, MRD monitoring, and
transplant allocation

The GIMEMA LAL1913 chemotherapy protocol was previously reported [7].
According to the original protocol, patients were stratified at baseline into
3 risk classes: standard risk (SR), high risk (HR), and very high risk (VHR).
VHR patients had a white blood cell count (WBC) count >100 x 10%/L and/
or early/late non-cortical immunophenotype (EGIL T-I/Il/IV) and/or
expressed an adverse cytogenetics/molecular biology (t(4;11)/KMT2A
rearrangement at 11923, +8, —7, del6q, t(8;14), low hypodiploidy with
30-39 chromosomes, near triploidy with 60-78 chromosomes, complex
with >5 unrelated anomalies). Ph-like signature was not systematically
evaluated, but did not affect the therapy-oriented risk definition. Early-T
precursor ALL (ETP-ALL) was defined according to the following
phenotype: cCD3+, CD7+ with low or absent expression of CD5, along
with the expression of stem cell and myeloid markers, such as HLA-DR,
CD13, CD33, CD34, and CD117. HR subjects showed a pro-B phenotype
(EGIL B-I), and/or a WBC > 30 up to 100 x 10%/L (if B-precursor ALL), and/or
had achieved a late complete remission (CR), i.e,, after cycle 2. SR patients
had no risk features [7].

MRD was assessed in bone marrow and peripheral blood samples, using
real-time quantitative polymerase chain reaction (RT-qPCR) measurement
of clonal immunoglobulin (Ig)/T-cell receptor (TCR) gene rearrangements
in 3 reference laboratories as in the GIMEMA LAL1913 trial. Multiparameter
flow cytometry (MFC) was utilized locally in patients lacking appropriate
molecular probes. MRD was evaluated at specific time points (TP)
according to the GIMEMA LAL1913 protocol. For patients harboring a
clonal Ig/TCR rearrangement, MRD negativity was defined as less than 10~*
at TP2-3 (between weeks 10-16), or undetectable at TP4 (week 23),
whereas patients with MRD equal or superior to 10~* at TP2-3 and/or
positive TP4 were defined as MRD-positive.

Transplant allocation in CR1 was decided considering the baseline risk
class and MRD evaluation at specific time points: VHR or MRD-positive SR/
HR patients were eligible to receive an alloHSCT as consolidation
treatment. All patients beyond CR1 were allocated to transplantation.
The use of immunotherapy before transplant, with blinatumomab or
inotuzumab, for relapses or MRD-positive B-ALL was permitted. The choice
of donor, conditioning regimen, and graft versus host disease
(GvHD) prophylaxis varied locally based on the standard protocols at each
Center.

The intensity of the conditioning regimen, myeloablative conditioning
(MAQ) or reduced intensity conditioning (RIC), was defined according to the
criteria published by Bacigalupo and colleagues [9]. Specifically, the MAC
regimens included those with TBI greater than 8Gy, as well as
chemotherapy-based regimens such as Busulfan 4 days, Fludarabine
(Bu4Flu), Busulfan, Cyclophosphamide (BuCy), or Thiotepa, Busulfan,
Fludarabine (TBuUF). On the other hand, the RIC regimens were characterized
by TBI<8Gy based, or chemotherapy-based regimens like Treosulfan,
Fludarabine (TreoFlu), or Thiotepa, Busulfan 2 days, Fludarabine (TBu2F).

Acute GvHD grading was established according to the Mount Sinai Acute
GVHD International Consortium (MAGIC) criteria [10]. Chronic GVHD was
classified according to the National Institute of Health (NIH) 2015 criteria [11].

Statistical analysis
All clinical outcomes were calculated from transplant to the first event or
the last follow-up. OS was defined as the time from transplant to death
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from any cause. DFS was defined as the time from transplant to disease
relapse or death from any cause. GRFS was defined as survival without
grade Il or IV acute GvHD, moderate or severe chronic GvHD, disease
relapse, or death from any cause. CIR was defined as the occurrence of
molecular or morphological relapse after alloHSCT. NRM was defined as
death from any cause other than relapse. NRM, CIR, and GvHD incidence
were estimated using the cumulative incidence function, considering
relapse and death as a competing event for NRM and other incidence,
respectively; Gray’s non-parametric test was used to assess group
differences. OS and GRFS were estimated using the Kaplan-Meier method,
and the log-rank test was applied to test differences between groups.
Univariate and multivariable analyses were performed by fitting Fine and
Gray models for cumulative incidences and Cox models for survival
outcomes; hazard ratio with 95% confidence intervals were reported. A
significance level of 0.05 was fixed. All the analyses were performed using
the R software (version 4.0.0).

RESULTS

This study included 203 consecutive patients with an initial
diagnosis of B- (n =99) or T-ALL/LBL (n = 104) treated in real-life
according to the risk-oriented, pediatric-inspired, MRD-oriented
GIMEMA LAL1913 protocol. The main patient, disease, and
transplant characteristics are summarized in Table 1. MRD was
assessed molecularly using RT-gPCR in 135 patients and by
immunophenotype in 59. MFC was used for patients without
appropriate molecular probes. The method used for MRD
detection was unknown for 9 patients. The transplant was
performed during the frontline treatment in 147 (72.4%) patients,
mostly (n =99, 67.3%) in the early consolidation phase. Disease
status at transplant was CR1 in 83.2% (n = 169) of patients, second
complete remission (CR2) in 16.3% (n = 33), and active disease in
0.5% (n =1). Patients in CR1 were allocated to transplant due to
VHR clinical risk class (n=113, 66.9%), MRD positivity (n =40,
23.7%), achievement of CR1 after second-line therapy (n =5, 3%),
HR with MRD unknown (n=1, 0.5%), SR with MRD unknown
(n=1, 0.5%). The remaining 9 patients (4.4%) were transplanted in
CR1 despite SR/HR and MRD negativity. Among patients in CR at
transplant, MRD was positive in 30.2% (n = 61), negative in 67.3%
(h=136), and unknown in 2.5% (n=>5). Fifty B-ALL patients
received immunotherapy before the transplant. Of these, 32
patients due to MRD positivity (blinatumomab, n = 30; inotuzu-
mab, n=2), while 18 patients received treatment as salvage
therapy for hematological relapse or primary refractory disease
(blinatumomab n =11, inotuzumab n =2, blinatumomab and
inotuzumab n =4, unknown n=1). Among them, 24 out of 32
(75%) patients obtained a MRD negativity before transplant. The
conditioning regimen was myeloablative in 83.3% (n=169) and
reduced intensity in 16.7% (n=34) of patients. A total body
irradiation (TBI)-based conditioning was adopted for 127 (62.6%)
patients. The most common conditioning regimen was TBI-
cyclophosphamide in 69 (34%) patients. Donors were matched
unrelated (MUD) in 68 (33.5%), HLA-matched sibling (MSD) in 60
(29.6%), haploidentical (haplo) in 40 (19.7%), and mismatched
unrelated (MMUD) in 35 (17.2%) patients. The stem cell source was
bone marrow in 13 patients and peripheral blood in 186 (missing
data in 4 patients). GvHD prophylaxis was based on calcineurin
inhibitors (cyclosporine or tacrolimus) in all patients. T-cell
depletion was performed in vivo with anti-thymocyte globulin
(ATG) in 114 patients (56.2%), post-transplant cyclophosphamide
(PTCy) in 52 (25.6%), and both ATG and PTCy in 5 (2.5%).

Main clinical outcomes

The median follow-up duration for the study population was 32
months (range 0-88). At 3 years, OS and DFS for the entire study
population were 68% and 60%, respectively. Transplant in CR1,
compared to CR2, was strongly associated with superior
outcomes: 3-year OS 75% vs 35%, respectively, p < 0.0001,
DFS 65% vs 34%, respectively, p < 0.0001, and CIR 25% vs 44%,
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Table 1. Patient, disease, and transplant characteristics.

Characteristics
Age at transplant (years), median (range)
<55, n (%)
255, n (%)
ECOG PS (n=202)
0-1, n (%)
>2, n (%)
Sorror >3, n (%)
T-lineage, n (%)
T-ALL, n (%)
T-LBL, n (%)
B-lineage, n (%)
B-ALL, n (%)
B-LBL, n (%)
ETP-ALL, n (%)
CNS involvement at diagnosis, n (%)
Risk stratification at baseline
SR, n (%)
HR, n (%)
VHR, n (%)
Cytogenetics (n = 166)?
Adverse cytogenetic/molecular risk, n (%)
KMT2A rearrangement/t(4;11), n (%)
Chromosome 7 monosomy, n (%)
+8, n (%)
t(8;14), n (%)
Near tetraploidy, n (%)
Complex karyotype, n (%)
Other, n (%)
WBC count (x10%/L)
B-ALL > 30, n (%)
B-ALL > 100, n (%)
T-ALL > 100, n (%)
Conditioning regimen intensity
RIC, n (%)
MAC, n (%)
TBI, n (%)
12 Gy, n (%)
10 Gy, n (%)
8Gy, n (%)
4Gy, n (%)
Main conditioning regimens
TBIl-cy, n (%)
TBF, n (%)
TBI-fluda, n (%)
Donor
Matched unrelated, n (%)
HLA-matched sibling, n (%)
Haploidentical, n (%)
Mismatched unrelated, n (%)
Stem cell source (n = 199)
BM, n (%)

Bone Marrow Transplantation

All, n =203
39.5 (18-66)
165 (81.3)
38 (18.7)

171 (84.7%)
31 (15.3)
35 (18.5)
104 (51.2)
89 (43.8)
15 (7.4)
99 (48.8)
98 (48.3)
1 (0.5)

31 (15.3)
21 (10.3)

57 (28.1)
25 (12.3)
121 (59.6)

47 (28)
11 (23)
1(2)

6 (13)
2 (4)

4 (9)
13 (28)
10 (21)

17 (17.3)
12 (12.2)
24 (27)

34 (16.7)
169 (83.3)
127 (62.6)
100 (78.7)
10 (7.9)
13 (10.2)
4 (3.1)

69 (34)
48 (23.6)
43 (21.2)

68 (33.5)
60 (29.6)
40 (19.7)
35(17.2)

13 (6.5)

Table 1. continued

Characteristics All, n =203
PB, n (%) 186 (93.5)
GvHD prophylaxis
ATG, n (%) 114 (56.2)
PTCy, n (%) 52 (25.6)
ATG+PTCy, n (%) 5 (2.5)

PS Performance Status, ALL acute lymphoblastic leukemia, LBL lympho-
blastic lymphoma, ETP early T-cell precursor, CNS central nervous system,
SR standard risk, HR high risk, VHR very high risk, WBC white blood cell, RIC
reduced intensity conditioning, MAC myeloablative conditioning, T8I total
body irradiation, HLA human leukocyte antigen, BM bone marrow, PB
peripheral blood, GvHD graft versus host disease, ATG anti-thymocyte
globulin, PTCy post-transplant cyclophosphamide.

#Missing 37 patients due to a lack of metaphases.

respectively, p=0.01 (Fig. 1a-c). Similarly, pre-transplant MRD
negativity was strongly associated with improved outcomes.
MRD negative patients showed 3-year OS and DFS rates of 80%
and 70%, compared to 47% and 41% in MRD positive patients (p
< 0.0001) and a lower CIR (22% versus 42%, respectively,
p =0.0008) (Fig. 2a-c). Notably, MRD negativity conferred a
significant survival benefit even in patients transplanted in CR2
with a 3-year OS of 60% and DFS of 56%, in contrast to those
transplanted in CR2 with MRD positivity that showed a poor
prognosis with both OS and DFS rates at only 13% (Fig. 3a, b).
We observed similar OS and DFS among patients aged <55 vs
>55 years with a 3-year OS 68% in both groups, p=0.81 and
DFS 61% versus 55%, respectively, p=0.49 (Fig. 4a, b). The
3-year NRM was 12% across the entire cohort, with a slightly
higher risk observed in older patients (19% in those aged 55
years or older compared to 10% in younger patients, p = 0.08)
(Fig. 4c). The main outcomes were similar between cell lineages
(B-ALL versus T-ALL), and there were no significant differences
when comparing TBI 8 Gy to TBI 12 Gy or TBI-fludarabine to TBI-
alkylating agents. It is important to note that patients older than
55 years who received TBI experienced a significantly higher
NRM compared to younger patients (33% versus 5%, p = 0.001).
Among patients transplanted in CR1 early, specifically within the
first 5 cycles of the chemotherapy due to VHR characteristics at
diagnosis or MRD positivity at TP2, we found that these patients
had a higher risk of relapse compared to those who were
transplanted later, after the fifth cycle (the CIR was 25% in the
early group vs 11% in the late group, p = 0.0384). This increased
risk is likely attributed to the less favorable characteristics of the
early group. However, the two groups had no significant
differences in OS and NRM. Additionally, no differences in
clinical outcomes were observed based on the Sorror comor-
bidity index. A total of 83 out of 202 (41.1%) patients
experienced acute GvHD, of grade | in 31 (15.3%), grade Il in
41 (20.3%), and grade =zlll in 11 (5.4%) patients. Chronic
GvHD was documented in 52 patients (25.7%) classified as mild
in 23 (11.4%), moderate in 24 (11.9%), and severe in 5 (2.5%).
The 3-year GRFS was 40% of the study population.
When stratifying patients according to the type of GvHD
prophylaxis, there was a trend indicating a better GRFS in
patients receiving PTCy compared to those receiving ATG,
attributed to a non-significant higher DFS with PTCy and similar
incidences of acute and chronic GvHD in both groups. For
patients who experienced a disease relapse, the median OS was
9 months. Patients who underwent a second alloHSCT after
achieving a new CR had a significantly improved 3-year OS of
36% compared to 20% for those not receiving a second
transplant (p =0.02).
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Fig. 1 Outcomes based on remission status. a Overall Survival (OS)
in patients in first complete remission (CR1) vs second complete
remission (CR2). b Disease-free survival (DFS) in patients in CR1 vs CR2.
¢ Cumulative Incidence of Relapse (CIR) in patients in CR1 vs CR2.

By multivariable analysis, remission and MRD status were the only

factors retaining statistical significance for OS and DFS (Fig. 5).

DISCUSSION
This multicenter real-life study documents the feasibility and
benefit of alloHSCT consolidation in Ph-ALL patients, uniformly
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positive patients. ¢ Cumulative Incidence of Relapse (CIR) in MRD-
negative vs MRD-positive patients.

treated following a risk-oriented strategy based on clinical
characteristics at diagnosis and/or persistent MRD positivity
during chemotherapy. Consistent with previous reports and
guidelines [12], we confirm the crucial role played by alloHSCT
as a consolidative treatment for VHR ALL patients. Patients who
underwent a transplant in CR1 experienced significantly better
survival rates than those allografted in CR2, suggesting that an
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Incidence of Relapse (CIR) according to MRD and CR status.

appropriate timing for alloHSCT is crucial to obtain better results.
Notably, we observed a significant improvement in NRM
compared to historical data [13], likely due to the early transplant
allocation based on the specific risk-oriented treatment strategy
adopted. Most patients in this study received alloHSCT after 3 to 4
cycles of chemotherapy due to VHR characteristics at baseline
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Fig. 4 Outcomes based on the age at transplantation. a Overall
Survival (OS) in patients aged =55 vs <55 years. b Disease-free
survival (DFS) in patients aged >55 vs <55 years. ¢ Non-relapse
mortality (NRM) in patients aged =55 vs <55 years.

and/or MRD positivity during treatment, according to the GIMEMA
LAL1913 protocol indications. This approach resulted in a
significant reduction in the number of cycles of chemotherapy
prior to transplant. The low NRM also explains the comparable
benefit of alloHSCT observed between patients younger and older
than 55 years. In addition, our analysis confirms that persistent
MRD positivity negatively impacts on all post-transplant

SPRINGER NATURE



G. Cavallaro et al.

Overall survival

HR (95% Cl) P value
Age > =55 vs <55 —a 1(0.45-2.19) 0.99
Lineage T vs B — 1.1 (0.62-1.94) 0.74
Clinical risk HR vs SR —— 0.81 (0.37-1.77) 0.59
Clinical risk VHR vs SR —e— 0.61(0.32-1.17) 0.14
Remission at transplant CR2 vs CR1 — 2.22 (1.2-4.13) 0.01
MRD pre-transplant Pos vs Neg —a— 2.8 (1.64-4.79) 0.0002
Conditioning regimen RIC vs MAC —%— 1.37 (0.64-2.95) 0.42
TBI —— 1.01 (0.57-1.81) 0.96
0.1 1 10
Disease-free survival
HR (95% Cl) P value
Age > =55 vs <55 — 1.11 (0.57-2.16) 0.76
Lineage T vs B —a— 0.88 (0.53-1.45) 0.61
Clinical risk HR vs SR — 0.77 (0.37-1.59) 0.47
Clinical risk VHR vs SR —a— 0.93 (0.52-1.64) 0.79
Remission at transplant CR2 vs CR1 —— 2.22 (1.27-3.87) 0.005
MRD pre-transplant Pos vs Neg —— 2.55 (1.57-4.13) 0.0001
Conditioning regimen RIC vs MAC —®*— 1.06 (0.53-2.09) 0.87
TBI —_ 0.85 (0.52-1.4) 0.53
0.1 1 10

Fig. 5 Multivariable analysis for overall survival (OS) and disease-
free survival (DFS).

outcomes. This is in keeping with previous studies reporting a
higher risk of relapse in patients with MRD positivity before
transplant [14-16]. Therefore, considering the availability of
immunotherapy—namely blinatumomab - that in B-lineage ALL
can convert to MRD negativity a high proportion of MRD-positive
cases [17, 18], every effort should be made to eradicate MRD
before alloHSCT. When eradication is not possible, post-transplant
preemptive treatments should be implemented.

The use of TBI has been consolidated for decades in ALL
transplantation, as established in a position statement of the ALWP
of the EBMT [19]. On this topic, conflicting results have been reported
with retrospective analyses showing a higher risk of disease relapse
with a chemotherapy-based conditioning regimen when compared
to TBI [20-22]. In contrast, a recent randomized clinical trial in adults
comparing TBI vs busulfan-cyclophosphamide did not show a clear
benefit for TBI use. However, in this latter study, the absence of
advantage with TBI may be explained by the inclusion of patients
with standard-risk ALL, with only a minority of MRD-positive patients
in both arms [23]. In contrast, in the pediatric setting, a randomized
clinical trial showed that very high-risk patients achieved a clear
survival benefit with the use of TBI compared to chemotherapy-
based conditioning [24]. We did not observe significant differences
in relapse incidence between 8 Gy and 12 Gy, although this analysis
was limited by the small number of patients receiving TBI 8 Gy. These
results are consistent with the existing limited retrospective data
[19, 25]. Similar findings have been reported in patients with AML,
where a randomized trial prospectively compared these two doses of
TBI [26]. However, randomized trials in the specific setting of ALL are
needed to provide clinically relevant data on the optimal dose of TBI.
Another noteworthy result was that 40% of patients were free from
immunosuppressive therapy and disease relapse 3 years after
transplant. Most patients in this analysis received ATG, which aligns
with a report from the Acute Leukemia Working Party of the
European Society for Blood and Marrow Transplantation (EBMT),
which demonstrated improved GRFS in patients receiving ATG [27].
Furthermore, a recent study demonstrated no differences in relapse
incidence between ATG and PTCy, while showing lower rates of
GvHD in the ATG group [28].

Disease relapse was the leading cause of death, with most relapses
occurring within the first two years after the transplant. Patients who
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experienced a relapse had a poor prognosis, with a median OS of less
than 12 months. A minority of patients could benefit from a second
alloHSCT, with a 3-year OS of 36%. With the growing availability of
CAR-T cells, the role of a second alloHSCT remains to be defined.

The strengths of this study include the use of the same
pediatric-inspired chemotherapy protocol [6, 7] for all patients, the
adoption of a centrally MRD-driven strategy, the high number of
patients, and the relatively long follow-up period. The limitations
of our study arise from its retrospective nature, which introduces
factors that could influence the transplant strategy, such as the
choice of the donor, the conditioning regimen (reduced-intensity
conditioning vs. myeloablative conditioning), and the GvHD
prophylaxis, which were determined at the discretion of each
center. Moreover, we lack information on specific high-risk
subsets, such as Ph-like ALL.

In conclusion, our multicenter analysis of adult patients with Ph-
negative ALL who received a pediatric-inspired and MRD-oriented
chemotherapy protocol emphasizes the importance of an
accurate disease stratification at baseline and during clinical
follow-up. This approach is essential in order to perform an
alloHSCT in CR1 when clinically indicated and, ideally, after
achieving a status of MRD negativity before the transplant. This
strategy resulted in a low NRM, suggesting that transplant should
also be offered to older patients.
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