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DESCRIPTION

T-cell Acute Lymphoblastic Leukemia (T-ALL) represents a
significant therapeutic challenge characterized by limited
targeted options compared to its B-cell counterpart. Despite
improvements in overall survival with intensified chemotherapy
regimens, patients with relapsed or refractory T-ALL face dismal
outcomes with conventional approaches, highlighting an urgent
need for novel therapeutic strategies. Recent advances in
understanding the molecular pathogenesis of T-ALL have
revealed recurrent genetic alterations and dysregulated signaling
pathways that may be exploited for targeted intervention,
potentially transforming the treatment landscape for this
aggressive malignancy.

The genomic landscape of T-ALL is characterized by remarkable
heterogeneity, with key alterations affecting transcription factors,
epigenetic regulators, signaling pathways. NOTCHI1
activating mutations represent the most common genetic event,

and

occurring in approximately 60% of T-ALL cases. These mutations

drive  oncogenic  transcriptional =~ programs  promoting
proliferation, survival, and metabolic adaptation of leukemic
cells. Small molecule y-secretase inhibitors (GSIs) blocking
NOTCHI activation have demonstrated preclinical efficacy but
encountered challenges with gastrointestinal toxicity in early
clinical trials. Second-generation GSIs with improved selectivity
and intermittent dosing schedules have shown more promising
results, with ongoing trials evaluating combinations with
chemotherapy or other targeted agents. Alternative approaches
targeting downstream NOTCHI1 effectors, including selective
inhibitors of the NOTCH transcriptional complex, may provide

more specific targeting with reduced toxicity.

Beyond NOTCHI, recurrent alterations in transcriptional
regulators including TAL1, IMO2, TLX1, and TLX3 define
of T-ALL with potential
therapeutic implications. Epigenetic therapies targeting the
aberrant chromatin landscape induced by these oncogenic
transcription factors represent a promising approach. BET
inhibitors  disrupting

distinct molecular subgroups

bromodomain super-enhancer-driven

oncogene expression have demonstrated activity in preclinical
models of TALIl-positive T-ALL. Similarly, Histone Deacetylase
(HDAC) inhibitors have shown efficacy in specific molecular
subtypes, with potential for synergy when combined with
conventional chemotherapy. The recent development of targeted
protein degradation approaches, including Proteolysis-Targeting
Chimeras (PROTAC:S) directed against previously "undruggable"
transcription factors, offers a novel strategy for addressing these
fundamental drivers of T-ALL pathogenesis.

Recurrent alterations in signaling pathways provide additional
therapeutic targets in T-ALL. Approximately 60% of T-ALL cases
demonstrate aberrant activation of the PI3K/AKT/mTOR
pathway through various mechanisms including PTEN deletion,
PIK3CA mutations, or IL7R activating mutations. Inhibitors
targeting this pathway have shown promising preclinical activity,
though clinical development has been complicated by toxicity
and limited single-agent efficacy. Rational combinations based
on specific genetic contexts, such as PI3K inhibitors with BCL-2
inhibitors in PTEN-deleted cases, may enhance clinical benefit.
JAK/STAT pathway alterations, particularly in Early T-cell
Precursor (ETP) ALL, represent another actionable target, with
JAK inhibitors demonstrating activity in preclinical models and
early clinical trials. The identification of synthetic lethal
interactions specific to these genetic alterations may uncover
additional therapeutic vulnerabilities.

The remarkable success of nelarabine in relapsed/refractory T-
ALL represents one of the few T-ALLspecific therapeutic
advances in recent decades. This purine nucleoside analog
demonstrates selective cytotoxicity against T-lymphoblasts and
has become a standard component of salvage regimens. The
addition of nelarabine to frontline therapy in the COG
AALLO0434 trial demonstrated improved diseasefree survival in
patients with intermediate or high-risk T-ALL, establishing a new
standard of care. The randomized Intergroup C10403 trial is
evaluating this approach in young adults, with results anticipated
to further define the role of nelarabine across age groups.
Optimization of nelarabine-containing regimens, including novel
combinations with targeted agents, represents an important
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direction for improving outcomes in newly diagnosed and
relapsed/refractory T-ALL.

Immunotherapeutic approaches in T-ALL have lagged behind
the dramatic advances in B-ALL, largely due to the lack of
suitable surface targets differentiating leukemic from normal T
cells and the concern for fratricide effects when targeting T-cell
antigens. However, several promising approaches have emerged.
CD38-directed antibodies and CD38xCD3 bispecific engagers
have demonstrated activity in preclinical models, exploiting the
high expression of CD38 on T-ALL blasts compared to normal
mature T cells. CD1a represents another attractive target, with
expression restricted to cortical T-ALL subtypes and absent on
normal mature T cells. A CDla-directed CAR T-cell therapy has
shown in preclinical
trials

efficacy models without significant
fratricide, with in planning stages. The
identification of T-ALL-specific neoantigens through proteomic

clinical

approaches may uncover additional immunotherapeutic targets
with enhanced specificity for leukemic cells.

The integration of novel therapies with conventional
chemotherapy regimens represents a critical challenge in
advancing T-ALL treatment. The pediatric-inspired regimens
adopted for adolescents and young adults have significantly
improved outcomes compared to traditional adult protocols,

suggesting benefit from treatment intensification in appropriate
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candidates. However, new paradigms are needed to reduce long-
term toxicity while maintaining or improving efficacy. Risk-
adapted approaches based on Minimal Residual Disease (MRD)
assessment and genetic profiling may allow for selective
intensification or de-escalation. Early incorporation of targeted
agents in specific molecular subtypes, such as nelarabine in high-
risk disease or notch inhibitors in NOTCHI1-mutated cases,
represents a promising strategy currently under investigation in
several cooperative group trials.

Relapsed/refractory T-ALL remains a devastating situation with
limited effective options. Novel approaches under investigation
include venetoclax targeting BCL-2 dependency, particularly in
early T-cell precursor ALL; CDK7/9 inhibitors disrupting
transcriptional addiction; and export-1/XPO1 inhibitors such as
selinexor targeting aberrant nuclear-cytoplasmic transport. The
profiling to identify
alterations for precision therapy matching represents another
frontier, with basket trials including T-ALL cohorts with specific
genetic alterations. The application of functional genomic
screening approaches, including CRISPR-Cas9 based synthetic
lethality screens, therapeutic
vulnerabilities that may not be apparent from genomic data

integration of genomic actionable

promises to uncover novel

alone.
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