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To the Editor:

Early T-cell precursor acute lymphoblastic leukemia (ETP-ALL) is a
rare, biologically distinct subtype of T-lineage ALL, defined by an
immature immunophenotype and specific genomic features, which
is recognized as a separate entity by the 2022 WHO classification.
ETP-ALL accounts for a minority of T-ALL—5-17% of pediatric and
~7% of adult cases- and has historically been considered a high-risk
disease [1, 2]. ETP-ALL has been associated with lower remission
rates and a markedly inferior overall survival (OS) compared to non-
ETP-ALL, supporting the use of allogeneic stem cell transplant
(alloHSCT) in first complete remission (CR1) [3].

The GIMEMA LAL 1913 study established a pediatric-inspired,
risk-adapted, and measurable residual disease (MRD)-oriented
approach that has become the standard of care for adult
Philadelphia-negative ALL in Italy [4]. In the subsequent real-
world Campus ALL analysis of 421 adult patients treated according
to this program, clinical outcomes were comparable to those of
the original trial, confirming the benefit of alloHSCT in very high-
risk (VHR) patients based on the presence of clinical or molecular/
cytogenetic features at diagnosis and/or MRD positivity [5, 6].
Within this real-life Campus ALL cohort, we identified 40 patients
with ETP ALL, defined by absent CD8 and CD1a expression, weak/
absent CD5, and the expression of at least one myeloid and/or
stem cell marker, as in the WHO 2022 classification [2, 7]. In
keeping with the LAL 1913 risk stratification, ETP-ALL was
considered as VHR and therefore allocated to early transplant
after the first three cycles of chemotherapy (week 10, MRD
timepoint 2). We performed a subgroup analysis to assess the
clinical outcomes of this uniformly treated, VHR T-ALL population,
managed in the real-life practice with an intention-to-transplant
strategy. The endpoints were OS and event-free survival (EFS,
defined as non-response/disease relapse or death, whichever
occurred first), while in transplanted patients non-relapse mortal-
ity (NRM) and graft-relapse-free survival (GRFS) were also
evaluated. The median age was 44.5 years (range 19-65). Six out
of 40 patients (15%) had a medullary blast count of less than 25%,
consistent with a diagnosis of lymphoblastic lymphoma, 23 (59%)
had extramedullary disease, mainly mediastinal, and 5 (13%) had a
central nervous system involvement at diagnosis. The patients’
characteristics are reported in Table S1 (Data Supplement). Overall,
31 of 40 patients (78%) underwent an alloHSCT. Among the 9
patients who did not proceed to transplant, the reasons included
5 deaths from NRM (3 infections, 1 cerebrovascular event, and 1
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other cause), whereas 4 had refractory disease. Of these 4 patients, 3
did not respond to salvage treatments, while 1 received off-label
nelarabine-decitabine-venetoclax and remains alive, without trans-
plantation. The median number of chemotherapy cycles before
alloHSCT was 4 (range 3-6). Thirty patients were transplanted in first
complete remission (CR1) and 1 patient in second complete
remission (CR2). Of the 30 patients transplanted in CR1, 2 received
additional pre-transplant treatment for MRD positivity (1 patient
received FLAG-IDA and 1 patient off-label nelarabine), both
achieving MRD negativity at transplant. Overall, 22 of the 31patients
(71%) were MRD-negative, while 9 (29%) were MRD-positive at
transplantation. Regarding transplant characteristics, 10 patients
(32%) were transplanted from an HLA-identical donor, 12 (39%)
from a matched unrelated donor (MUD), 6 (19%) from a
haploidentical donor, and 3 (10%) from a mismatched MUD.
According to the criteria proposed by Bacigalupo et al. [8], the
conditioning regimen was myeloablative (MAC) in 27 of 31 patients
(87%), most commonly with a 12 Gy total body irradiation (TBI)-
based regimen (23/31, 74%). The transplant characteristics and
post-transplant events are reported in Table S2 (Data Supplement).
The 3-years OS and EFS for the entire cohort were 72% and
55%, respectively (Fig. 1a, b). In transplanted patients, the 3-year
OS and EFS were 80% and 77%, respectively (Fig. 1c, d), with a
GRFS of 61% and a cumulative incidence of relapse (CIR) of 20%
(Fig. 1e, f), and a remarkably low NRM of 3%. The cumulative
incidence of acute graft-versus-host disease (GvHD) was 42%, with
most cases being grade 1-2, and a single grade 3 case; the
cumulative incidence of chronic GvHD was 29%, with 6 cases of
moderate-severe grade GvHD. We observed 6 post-transplant
deaths, 4 due to relapse and 2 due to non-relapse causes
(1 secondary malignancy and 1 poor graft function). Stratification
by MRD status at transplant did not show statistically significant
differences in OS (90% vs 78%, p = 0.2021) and EFS (81% vs 67%
p =0.3986) between MRD-negative and MRD-positive patients.
This analysis adds clinically relevant evidence to a field still
largely represented by small retrospective series and subgroup
analyses. In the GRAALL study, despite very high rates of early
treatment resistance and MRD positivity, adult ETP-ALL patients
treated with a pediatric-inspired, response-adapted strategy
achieved outcomes comparable to those of non-ETP T-ALL, and
alloHSCT appeared to contribute substantially to this effect [9]. In
the multicenter transplant analysis by Brammer et al., ETP-ALL
patients transplanted in CR1 had a 3-year OS of 47%, and pre-
transplant MRD positivity was strongly associated with disease
progression, confirming the importance of the transplant timing
and disease status at alloHSCT [10]. The NOPHO ALL2008
experience also showed that the ETP phenotype was associated
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Clinical outcomes for the intention-to-transplant population and for the transplanted patients. a Overall survival (OS) in the

intention-to-transplant population; b Event-free survival (EFS) in the intention-to-transplant population; ¢ Overall survival (OS) in the
transplanted patients. d Event-free survival (EFS) in the transplanted patients. e Graft-relapse-free survival (GRFS) in the transplanted patients.

f Cumulative incidence of relapse (CIR) in the transplanted patients.

with an inferior early MRD response but not with a worse long-
term survival when treated within a pediatric protocol [11].

The main originality of our study is that it specifically documents,
in the routine clinical practice and within a homogeneous national
treatment protocol, the feasibility and efficacy of an early intention-
to-transplant strategy for adult ETP-ALL. To the best of our
knowledge, this is one of the largest reported adult ETP-ALL
cohorts uniformly managed according to a pre-defined pediatric-
inspired, MRD-oriented, intention-to-transplant strategy. Notably,
the favorable results reported were achieved in a relatively older
adult population, including patients up to the age of 65, with a high
proportion of patients ultimately undergoing an alloHSCT according
to the intention-to-treat strategy (78%), almost always in CR1. The
very low NRM observed in our cohort (3%) is particularly noteworthy
given the age distribution and the predominance of myeloablative,
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frequently TBl-based conditioning. This finding supports that early
HSCT allocation in ETP-ALL, by limiting pre-transplant chemother-
apy exposure, may allow patients to reach the alloHSCT in better
clinical conditions, thereby reducing NRM. The lack of a significant
survival disadvantage in MRD-positive patients at the time of
transplant should be interpreted with caution, as it likely reflects the
limited sample size rather than a true lack of prognostic impact. In
the broader Campus ALL transplant series, including both B- and
T-lineage ALL, MRD positivity was associated with markedly inferior
outcomes, while Brammer et al. likewise identified pre-transplant
MRD positivity as a strong predictor of progression in T-ALL [6, 10].
By contrast, the recent report from the pediatric FORUM trial did not
show a detrimental effect of pre-transplant MRD positivity in
transplanted T-ALL, probably reflecting a stronger graft-versus-
leukemia effect in this setting [12].
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Our data support early alloHSCT in CR1 as an effective strategy
for adult ETP-ALL within the GIMEMA LAL1913 framework, while
the major unmet need remains improving the proportion of
patients who successfully reach transplant by overcoming primary
refractory disease. In this regard, a phase Il GIMEMA study
(NCT06253637) evaluating the addition of daratumumab to the
LAL 1913 treatment protocol for high-risk T-ALL patients is
ongoing and has recently completed accrual.

Gianluca Cavallaro®'™, Davide Lazzarotto?, Chiara Pavoni’,
Francesca Valsecchi', Anna Grassi', Marco Cerrano?,

Marzia Defina®, Monia Lunghi®, Fabio Giglio®?¢,

Silvia Imbergamo7, Giuseppe Lanzarone®, Antonino Mulé®,
Prassede Salutari'®, Patrizia Zappasodi®’,

Massimiliano Bonifacio @'?, Patrizia Chiusolo@ '3, Mario Delia’*,
Endri Mauro'?, Carla Mazzone'®, Cristina Skert'”,

Alessandro Rambaldi'®, Sabina Chiaretti'®, Robin Foa®'?,

Anna Candoni®?*?' and Federico Lussana(®'**

"Hematology and Bone Marrow Transplant Unit, Azienda Socio
Sanitaria Territoriale Ospedale Papa Giovanni XXIll, Bergamo, Italy.
2Clinica Ematologica—Centro Trapianti e Terapie Cellulari, Azienda
Sanitaria Universitaria Friuli Centrale, Udine, Italy. *S.C. Ematologia,
AOU Citta della Salute e della Scienza—~Presidio Molinette, Torino,
Italy. *UOC Ematologia, Azienda Ospedaliero Universitaria Senese,
Siena, Italy. *Division of Hematology, Department of translational
Medicine, Universita del Piemonte Orientale, Novara, Italy.
SEmatologia e Trapianto di Midollo osseo, IRCCS Ospedale San
Raffaele, Milano, Italy. “Ematologia Azienda Ospedale Universita di
Padova, Padova, Italy. 8Department of Oncology and Hematology,
A.O.U. Citta della Salute e della Scienza di Torino, Torino, Italy.
2U.0.C. di Oncoematologia AO Villa Sofia-Cervello, Palermo, Italy.
"°U0C Ematologia, Azienda USL di Pescara, Pescara, Italy. "’ Division
of Hematology, Fondazione IRCCS Policlinico San Matteo, Pavia,
Italy. "?Department of Engineering for Innovation Medicine, Section
of Innovation Biomedicine, Hematology Area, University of Verona,
Verona, Italy. *Dipartimento di Scienze Ematologiche e di
laboratorio, Fondazione Policlinico Universitario A. Gemelli IRCCS,
Dipartimento di Diagnostica per Immagini, Radioterapia Oncologica
ed Ematologia-Universita Cattolica del Sacro Cuore, Roma, Italy.
"“Ematologia con Trapianto Azienda Ospedaliero-Universitaria
Consorziale Policlinico di Bari, Bari, Italy. >UOC Ematologia,
Ospedale Ca Foncello, Treviso, Italy. "®Hematology, Department of
Medical Area, St. Eugenio Hospital, Rome, Italy. "UOC Ematologia,
Azienda Ulss3 Serenissima, Ospedale dell’Angelo, Venezia, Italy.
"8Foundation of Clinical Research-FROM Azienda Socio-Sanitaria
Territoriale Papa Giovanni XXIli, Bergamo, Italy. ’Hematology,
Department of Translational and Precision Medicine, Sapienza
University of Rome, Rome, Italy. ?°Clinica Ematologica, Azienda
Ospedaliero Universitaria di Modena e Dipartimento di Scienze
Mediche e Chirurgiche, UNIMORE, Modena, Italy. 2’UOC di
Ematologia, AULSS2 Marca Trevigiana, Treviso, Italy. 22Department
of Oncology and Hematology, Universita degli Studi di Milano, Milan,
Italy. ®email: gcavallaro@asst-pg23.it

DATA AVAILABILITY

Data are available upon reasonable request to the corresponding Author

REFERENCES

1. Sin CF, Man PM. Early T-cell precursor acute lymphoblastic leukemia: diagnosis,
updates in molecular pathogenesis, management, and novel therapies. Front
Oncol. 2021;11:750789.

2. Coustan-Smith E, Mullighan CG, Onciu M, Behm FG, Raimondi SC, Pei D, et al.
Early T-cell precursor leukaemia: a subtype of very high-risk acute lymphoblastic
leukaemia. Lancet Oncol. 2009;10:147-56.

3. Jain N, Lamb AV, O'Brien S, Ravandi F, Konopleva M, Jabbour E, et al. Early T-cell
precursor acute lymphoblastic leukemia/lymphoma (ETP-ALL/LBL) in adolescents
and adults: a high-risk subtype. Blood. 2016;127:1863-9.

Bone Marrow Transplantation

Correspondence

4. Bassan R, Chiaretti S, Della Starza |, Spinelli O, Santoro A, Paoloni F, et al.
Pegaspargase-modified risk-oriented program for adult acute lymphoblastic
leukemia: results of the GIMEMA LAL1913 trial. Blood Adv. 2023;7:4448-61.

5. Lazzarotto D, Cerrano M, Papayannidis C, Chiaretti S, Mosna F, Fracchiolla N, et al.
Outcome of 421 adult patients with Philadelphia-negative acute lymphoblastic
leukemia treated under an intensive program inspired by the GIMEMA LAL1913
clinical trial: a Campus ALL study. Haematologica. 2025;110:55-67.

6. Cavallaro G, Lazzarotto D, Pavoni C, Valsecchi F, Grassi A, Papayannidis C, et al.
Outcomes of allogeneic stem cell transplant in adult Philadelphia negative acute
lymphoblastic leukemia patients treated with the pediatric-inspired GIMEMA
1913 protocol. A Campus ALL study. Bone Marrow Transpl. 2025;60:1228-35.

7. Alaggio R, Amador C, Anagnostopoulos |, Attygalle AD, Araujo IBO, Berti E, et al. The
5th edition of the World Health Organization Classification of Haematolymphoid
Tumours: Lymphoid Neoplasms. Leukemia. Springer Nature; 2022;1720-48.

8. Bacigalupo A, Ballen K, Rizzo D, Giralt S, Lazarus H, Ho V, et al. Defining the
intensity of conditioning regimens: working definitions. Biol Blood Marrow
Transpl. 2009;15:1628-33.

9. Bond J, Graux C, Lhermitte L, Lara D, Cluzeau T, Leguay T, et al. Early Response-
Based Therapy Stratification Improves Survival in Adult Early Thymic Precursor
Acute Lymphoblastic Leukemia: A Group for Research on Adult Acute Lympho-
blastic Leukemia Study. J Clin Oncol. 2017;35:2683-91.

10. Brammer JE, Saliba RM, Jorgensen JL, Ledesma C, Gaballa S, Poon M, et al. Multi-
center analysis of the effect of T-cell acute lymphoblastic leukemia subtype and
minimal residual disease on allogeneic stem cell transplantation outcomes. Bone
Marrow Transpl. 2017;52:20-7.

11. Quist-Paulsen P, Toft N, Heyman M, Abrahamsson J, Griskevicius L, Hallb&ok H,
et al. T-cell acute lymphoblastic leukemia in patients 1-45 years treated with the
pediatric NOPHO ALL2008 protocol. Leukemia. 2020;34:347-57.

12. Balduzzi A, Glogova E, Peters C, Sedlacek P, Dalle JH, Locatelli F, et al. Impact of
minimal residual disease on the outcome of hematopoietic stem cell transplan-
tation for childhood acute lymphoblastic leukemia within the FORUM trial.
Haematologica. 2026;111:122-34.

ACKNOWLEDGEMENTS
We are grateful to all Campus ALL Centers in Italy.

AUTHOR CONTRIBUTIONS

GC and FL designed the study, collected data, collaborated in data interpretation,
wrote the manuscript, and gave final approval before manuscript submission. CP
performed statistical analysis, collaborated in data interpretation, revised the
manuscript, and gave the final approval before manuscript submission. DL, FV, AG,
MC, MD, ML, FG, SI, GL, AM, PS, PZ, MB, PC, MD, ME, CM, CS, SC, AC collaborated in
data collection and interpretation, revised the manuscript, and gave the final
approval before manuscript submission. AR, SC, RF and AC designed the study,
provided major intellectual contributions to the manuscript, and gave the final
approval before manuscript submission.

FUNDING

AR and FL disclose support for this work by Fondazione AIRC per la Ricerca sul Cancro
(AIRC) AIRC 5x1000 under Grant AIRC-ISM ID 21147 and the Associazione ltaliana
Lotta alla Leucemia, Linfoma e Mieloma (AIL) Sezione Bergamo. RF discloses support
for this work by Associazione Italiana per la Ricerca sul Cancro (AIRC) 5x1000, Special
Program Metastases (ID 21198), Milan (Italy). SC discloses support for this work by
“Ricerca Corrente Program” and PNRR-MR1-2023-12377495.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541409-026-02975-1.

Correspondence and requests for materials should be addressed to
Gianluca Cavallaro.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

SPRINGER NATURE


http://orcid.org/0009-0003-0507-8384
http://orcid.org/0009-0003-0507-8384
http://orcid.org/0009-0003-0507-8384
http://orcid.org/0009-0003-0507-8384
http://orcid.org/0009-0003-0507-8384
http://orcid.org/0000-0003-4755-9533
http://orcid.org/0000-0003-4755-9533
http://orcid.org/0000-0003-4755-9533
http://orcid.org/0000-0003-4755-9533
http://orcid.org/0000-0003-4755-9533
http://orcid.org/0000-0001-9853-0592
http://orcid.org/0000-0001-9853-0592
http://orcid.org/0000-0001-9853-0592
http://orcid.org/0000-0001-9853-0592
http://orcid.org/0000-0001-9853-0592
http://orcid.org/0000-0003-0716-1686
http://orcid.org/0000-0003-0716-1686
http://orcid.org/0000-0003-0716-1686
http://orcid.org/0000-0003-0716-1686
http://orcid.org/0000-0003-0716-1686
http://orcid.org/0000-0002-1355-1587
http://orcid.org/0000-0002-1355-1587
http://orcid.org/0000-0002-1355-1587
http://orcid.org/0000-0002-1355-1587
http://orcid.org/0000-0002-1355-1587
http://orcid.org/0000-0002-5021-3026
http://orcid.org/0000-0002-5021-3026
http://orcid.org/0000-0002-5021-3026
http://orcid.org/0000-0002-5021-3026
http://orcid.org/0000-0002-5021-3026
http://orcid.org/0000-0003-4436-1310
http://orcid.org/0000-0003-4436-1310
http://orcid.org/0000-0003-4436-1310
http://orcid.org/0000-0003-4436-1310
http://orcid.org/0000-0003-4436-1310
http://orcid.org/0000-0002-6510-8616
http://orcid.org/0000-0002-6510-8616
http://orcid.org/0000-0002-6510-8616
http://orcid.org/0000-0002-6510-8616
http://orcid.org/0000-0002-6510-8616
mailto:gcavallaro@asst-pg23.it
https://doi.org/10.1038/s41409-026-02975-1
http://www.nature.com/reprints
http://www.nature.com/reprints

Correspondence

@@@@ Open Access This article is licensed under a Creative Commons
CarmTH  Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if you modified
the licensed material. You do not have permission under this licence to share adapted
material derived from this article or parts of it. The images or other third party material in
this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2026

SPRINGER NATURE

Bone Marrow Transplantation


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Favorable outcomes after early allogeneic stem cell transplantation in adult early T-cell precursor acute lymphoblastic leukemia treated with the pediatric-inspired GIMEMA LAL1913 program. A Campus ALL study
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




