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Abstract 

T‑cell acute lymphoblastic leukemia (T‑ALL) occurs in approximately 25–30% of adult ALL. Currently, treatment 
approaches for adult patients with T‑ALL remain quite limited, with intensive multiagent chemotherapy serving as 
the backbone; however, the cure rate remains unsatisfactory. Thus, the discovery of novel therapeutic strategies, 
especially targeted therapies, is crucial. Clinical research efforts are now focused on adding targeted therapy that has 
selective activity for T‑ALL to the backbone chemotherapy regimen. To date, nelarabine remains the only targeted 
agent specifically approved for relapsed T‑ALL, and the use of nelarabine in the first‑line regimen is still being stud‑
ied. Meanwhile, a number of novel targeted therapies with low toxicity, such as immunotherapies, are being actively 
investigated. Chimeric antigen receptor (CAR) T‑cell therapy for the treatment of T‑cell malignancies has not been 
as successful as in treating B‑ALL due to fratricide. Numerous approaches are now being designed to address this 
challenge. Novel therapies targeting molecular aberrations in T‑ALL are also actively investigated. T‑ALL lymphoblasts 
overexpress BCL2 protein, which makes it an intriguing therapeutic target. This review summarizes the latest updates 
on targeted treatment of T‑ALL from the 2022 ASH annual meeting.
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To the editor,
Currently, treatment options for adult patients with 
T-cell acute lymphoblastic leukemia (T-ALL) are lim-
ited, mainly consisting of conventional intensive chemo-
therapy and hematopoietic stem cell transplantation [1]. 
Nelarabine, the only targeted agent approved for relapsed 
T-ALL, is now studied as a component of treatment. 

Immune-mediated therapies such as chimeric antigen 
receptor (CAR) T-cell therapy and small-molecule tar-
geted agents such as BCL2 inhibitors are also being 
actively developed to improve outcomes [2, 3]. This 
review discusses the latest advances in targeted therapy 
for T-ALL and summarizes the highlights from the 2022 
ASH annual meeting.

Nelarabine‑based treatment
The GMALL trial enrolled 281 newly diagnosed 
adult T-cell acute lymphoblastic leukemia/lymphoma 
(208 T-ALL; 73 T-LBL) patients to evaluate overall results 
with nelarabine (Abstract 51) [4]. With a 28-month 
median follow-up of this cohort, the 3-year overall sur-
vival (OS) for all patients was 78%. Seventy-eight high-
risk patients received allogeneic stem cell transplantation, 
and the 3-year OS was 68%.
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An intergroup phase II study was conducted to assess 
the pediatric regimen including nelarabine for newly 
diagnosed T-ALL in adolescents and young adults (AYAs) 
(Abstract 54) [5]. Sixty-two patients aged 15–24  years 
were enrolled. Fifty-six patients (90.3%) achieved com-
plete remission (CR)/CRi. The 3-year event-free survival 
(EFS) and OS were 88.6% and 93.4%, respectively.

A retrospective study was designed to compare the 
outcomes of the nelarabine combination and monother-
apy for relapsed or refractory (R/R) T-ALL/LBL (Abstract 
4053) [6]. Forty-four patients who were ever treated 
with nelarabine for R/R T-ALL/LBL were enrolled. The 
CR rates were 62% and 40% in the combination and 
monotherapy groups (p = 0.21), respectively; the 2-year 
relapse-free survival (RFS) was 68.8% vs. 26.7%, and the 
2-year OS was 52.9% vs. 8%, respectively.

CAR‑T‑based treatment
Base editing and protein expression blockers (PEBLs) 
facilitate knocking out or knocking down pan-T-cell sur-
face biomarkers, such as CD3 and CD7, to avoid fratri-
cide. A phase I/II study of CD7-targeted CAR-T-cell 
therapy enrolled 53 patients with R/R T-ALL/LBL who 
received naturally selected 7CAR-T-cell (NS7CAR) infu-
sion (Abstract 980) [7]. NS7CARs were derived from bulk 

T cells without additional genetic manipulations. The 
18-month OS and EFS were 75.0% and 53.1%, respec-
tively. A total of 47/53 (88.7%) patients had mild (≤ grade 
II) cytokine release syndrome (CRS). Five patients expe-
rienced grade III CRS, and 1 patient experienced grade 
IV CRS.

A phase I clinical trial was conducted to evaluate a 
novel genome-edited anti-CD7 CAR-T-cell product, 
RD13-01, in ten R/R T-ALL/LBL patients (Abstract 1995) 
[8]. Four patients achieved CR, 4 died, and 2 showed no 
response. A total of 9/10 patients had grade I CRS, and 
1/10 had grade 3 CRS.

Twenty R/R T-ALL/LBL patients were tested in a phase 
II trial of donor-derived CD7 CAR T cells (Abstract 
2011) [9]. The authors designed a CD7-targeting CAR 
using the IntraBlock technology to prevent CD7 cell 
surface expression. The one-year progression-free sur-
vival (PFS) and OS rates were 62.3% and 60.0%, respec-
tively. The percentages of patients experiencing grade 3 
or higher CRS and grade 1–2 graft-versus-host disease 
(GvHD) were 10% and 40%, respectively.

Allogeneic T cells can be activated upon recognition of 
host tissue antigens by T-cell receptor/CD3 complex. To 
reduce the risk of causing GvHD, CD3 and CD7 PEBLs 
were developed simultaneously for intracellular protein 
retention, and this PCART7-CD3 PEBL showed minimal 

Table 1 Selected studies on targeted therapy combined with chemotherapy for T‑ALL from 2022 ASH annual meeting

MRD, minimal residual disease; OS, overall survival; EFS, event-free survival; CIR, cumulative incidence of relapse; RFS, relapse-free survival

Abstract #

51 54 4053 942 1414

Authors (references) Goekbuget et al. [4] Hatta et al. [5] Shimony et al. [6] Suo et al. [11] Yu et al. [12]

Study agents Nelarabine + cyclo‑
phosphamide

Nelarabine + L‑ASP Nelarabine monother‑
apy vs combination

Venetoclax + HAG Venetoclax + HAG

Analysis N/A II Retrospective N/A II

NCT No NCT02881086 N/A N/A N/A N/A

Study period N/A 2011–2017 2006–2021 N/A 2021–2022

Age range, years 18–55 15–24 2–69 N/A 15–60

No. of patients 281 (208 T‑ALL; 
73 T‑LBL)

62 44 (29 combination; 15 
monotherapy)

7 (3 R/R ETP‑ALL; 4 
newly diagnosed)

7

MRD analysis used to 
assign risk/postremis‑
sion therapy

Yes Yes (<  10–3) Yes No Yes (< 0.01%)

Outcome measure 1‑year OS, 3‑year OS, 
OS for SCT

3‑year EFS, 3‑year OS, 
3‑year CIR

CR, RFS, OS CR/CRi rate CR/CRi rate

Survival outcome 1‑year OS: 89%; 3‑year 
OS: 78%

3‑year EFS: 88.6%; 
3‑year OS: 93.4%; 
3‑year CIR: 5.3%

CR: 55%; 2‑year RFS: 
60.5%; 2‑year OS: 37.6%

CR/CRi rate: 100% CR/CRi rate(after the first 
cycle): 85.7%; CR: 42.9%; 
CRi: 42.9%; PR: 14.3%; 
CR/CRi rate(after the 
second cycle): 100%

Summary Early T‑ALL subgroup 
appeared poorer 
outcomes

Risk stratification sys‑
tem in pediatric regi‑
men was also effective 
for AYA patients

Nelarabine combina‑
tion regimen led to 
better outcomes than 
monotherapy

V‑HAG regimen in 
newly diagnosed and 
R/R ETP‑ALL has led to 
favorable outcomes

VGHA regimen provides 
a new choice in the 
treatment of R/R ETP‑
ALL patients
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fratricide and a reduced risk of GvHD in a xenograft 
model (Abstract 975) [10]. Clinical data are needed to 
verify the feasibility of this treatment in humans.

Venetoclax‑based treatment
In a bench-to-clinic study, 3 R/R ETP-ALL patients and 
4 newly diagnosed patients were administered venetoclax 
plus HAG (Homoharringtonine, low-dose cytarabine, 
G-CSF priming), which was named the V-HAG regimen 
(Abstract 942) [11]. The CR/CRi rate after the first cycle 
of treatment was 100%.

The V-HAG regimen was also evaluated in a phase II 
trial in patients with R/R ETP-ALL, similar to Abstract 
942 (Abstract 1414) [12]. This study enrolled 7 R/R ETP-
ALL patients. The CRc rate was 85.7% (6/7 patients).

Highlights in the treatment of T-ALL in the 2022 ASH 
annual meeting mainly focused on the use of targeted 
therapy to improve the first-line regimen. The selected 
studies, including all the most relevant and advanced 
studies on targeted therapy for T-ALL, are listed in 
Tables 1 and 2.

Abbreviations
T‑ALL  T‑cell acute lymphoblastic leukemia
CAR   Chimeric antigen receptor
OS  Overall survival
AYA   Adolescents and young adults

CR  Complete remission
EFS  Event‑free survival
R/R  Relapsed or refractory
RFS  Relapse‑free survival
PEBL  Protein expression blocker
NS7CAR   Naturally selected 7CAR‑T‑cell
CRS  Cytokine release syndrome
PFS  Progression‑free survival
GvHD  Graft‑versus‑host disease
V‑HAG  Venetoclax plus HAG
MRD  Minimal residual disease
CIR  Cumulative incidence of relapse
ORR  Objective response rate
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Table 2 Selected studies on CAR‑T‑based treatment for T‑ALL from 2022 ASH annual meeting

ORR, objective response rate; PFS, progression-free survival

Abstract #

980 1995 2011 975

Authors (references) Zhang et al. [7] Zhang et al. [8] Tan et al. [9] Wong et al. [10]

Study agents NS7CAR‑T CD7 UCAR‑T (RD13‑01) CD7 CAR‑T PCART7‑CD3 PEBL

Analysis I/II I II N/A

NCT No NCT04572308, 
NCT04916860

NCT04620655 NCT04689659 N/A

Study period 2020–2022 2020–2022 N/A N/A

Age range, years 2–47 2–27 2–43 N/A

No. of patients 53 (34 T‑ALL; 18 T/LBL) 10 (7 T‑ALL; 3 T/LBL) 20 N/A

MRD analysis used to 
assign risk/postremission 
therapy

Yes Yes No N/A

Outcome measure OS, EFS CR ORR, 1‑year PFS, 1‑year OS N/A

Survival outcome 18‑month OS: 75.0%; 
18‑month EFS: 53.1%

CR: 80% ORR: 90% at 3 months post‑
infusion; 1‑year PFS: 62.3%; 
1‑year OS: 60.0%

N/A

Summary NS7CAR therapy is safe 
and effective in R/R T‑ALL/
LBL patients with heavy 
pretreatment

RD13‑01 product was safe 
and dose‑dependently 
effective

Phase 2 trial of donor‑
derived CD7 CAR T cell 
therapy showed similar 
encouraging activity in 
treating R/R T‑ALL with 
phase I trial

PCART7‑CD3 PEBL showed 
minimized fratricide and a 
reduced risk of GvHD in a 
xenograft model. Clinical 
trials are needed to verify the 
feasibility in humans



Page 4 of 4Xu and Zhu  Experimental Hematology & Oncology           (2023) 12:30 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Competing interests
The authors have declared that no competing interest exists.

Received: 6 January 2023   Accepted: 7 February 2023

References
 1. Samra B, Jabbour E, Ravandi F, Kantarjian H, Short NJ. Evolving therapy 

of adult acute lymphoblastic leukemia: state‑of‑the‑art treatment and 
future directions. J Hematol Oncol. 2020;13(1):70.

 2. Caracciolo D, Mancuso A, Polerà N, Froio C, D’Aquino G, Riillo C, Tagliaferri 
P, Tassone P. The emerging scenario of immunotherapy for T‑cell acute 
lymphoblastic leukemia: advances, challenges and future perspectives. 
Exp Hematol Oncol. 2023;12(1):5.

 3. Lew TE, Seymour JF. Clinical experiences with venetoclax and other pro‑
apoptotic agents in lymphoid malignancies: lessons from monotherapy 
and chemotherapy combination. J Hematol Oncol. 2022;15(1):75.

 4. Goekbuget N, Fiedler W, Alakel N, Topp MS, Hanoun M, Steffen B, Wäsch 
R, Viardot A, Nachtkamp K, Stelljes M, et al. Results of the Risk‑Adapted, 
MRD‑Stratified GMALL Trial 08/2013 in 281 T‑ALL / T‑Lbl patients: excel‑
lent outcome of standard risk thymic T‑ALL. Blood. 2022;140(Supplement 
1):115–7.

 5. Hatta Y, Sato A, Kada A, Saito AM, Hayakawa F, Watanabe A, Sakamoto T, 
Miura K, Shimizu Y, Kanda J, et al. Risk stratified therapy with nelarabine 
and intensified administration of L‑asparaginase for newly diagnosed 
T‑Cell acute lymphoblastic leukemia in adolescents and young adults 
(JPLSG T‑11/JALSG T‑ALL‑211‑U): an intergroup phase 2 study. Blood. 
2022;140(Supplement 1):124–6.

 6. Shimony S, Liu Y, Valtis YK, Paolino JD, Place AE, Brunner AM, Weeks LD, 
Silverman LB, Vrooman LM, Neuberg DS, et al. Nelarabine combination 
therapy for relapsed or refractory T‑Cell acute lymphoblastic lymphoma/
leukemia. Blood. 2022;140(Supplement 1):8989–90.

 7. Zhang X, Yang J, Li J, Qiu L, Li J, Lu P. Analysis of 53 patients with relapsed 
or refractory (R/R) T‑Cell acute lymphoblastic leukemia (T‑ALL) and T‑Cell 
lymphoblastic lymphoma (T‑LBL) Treated with CD7‑targeted CAR‑T Cell 
therapy. Blood. 2022;140(Supplement 1):2369–70.

 8. Zhang X, Zhou Y, Yang J, Li J, Qiu L, Ge W, Pei B, Chen J, Han L, Ren J, 
et al. A novel universal CD7‑Targeted CAR‑T Cell therapy for relapsed or 
refractory T‑Cell acute lymphoblastic leukemia and T‑cell lymphoblastic 
lymphoma. Blood. 2022;140(Supplement 1):4566–7.

 9. Tan Y, Pan J, Deng B, Ling Z, Weiliang S, Tian Z, Cao M, Xu J, Duan J, Wang 
Z, et al. Efficacy and safety of donor‑derived CD7 CAR T cells for r/r T‑Cell 
acute lymphoblastic leukemia/lymphoma: interim analysis from a phase 
2 trial. Blood. 2022;140(Supplement 1):4602–3.

 10. Wong XFA, Ng J, Zheng S, Ismail R, Qian H, Campana D, Tan YX. Develop‑
ment of an off‑the‑shelf chimeric antigen receptor (CAR)‑T cell therapy 
for T‑cell acute lymphoblastic leukemia (T‑ALL) without gene editing. 
Blood. 2022;140(Supplement 1):2358–9.

 11. Suo S, Sun S, Qian J, Zhao D, Yu W, Lou Y, Zhu H, Tong H, Yang M, Huang X, 
et al. Homoharringtonine Synergizes strongly with venetoclax against the 
early T‑cell progenitor acute lymphoblastic leukemia: from bench to bed. 
Blood. 2022;140(Supplement 1):2263–4.

 12. Yu W, Zhou H, Shen L, Chen D, Zhang X, Zhu Y, Huang X, Lu Y, Hou J, Liu Q, 
et al. Venetoclax in combination with homoharringtonine and cytarabine 
in the treatment of relapsed/refractory early T‑cell precursor acute 
lymphoblastic leukaemia: a single arm, multicenter, prospective, phase ii, 
pilot trial. Blood. 2022;140(Supplement 1):3260–1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Targeted treatment of T-cell acute lymphoblastic leukemia: latest updates from the 2022 ASH Annual Meeting
	Abstract 
	To the editor,
	Nelarabine-based treatment
	CAR-T-based treatment
	Venetoclax-based treatment
	Acknowledgements
	References


