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Abstract:

Peripheral T-cell lymphoma (PTCL) is a heterogeneous group of mature T-cell neoplasms with different clinical, biological,
and molecular features. These include PTCL, not otherwise specified, nodal T follicular helper cell lymphomas ("' TFHLs),
anaplastic large cell lymphoma (ALCL), extranodal natural killer (NK)/T-cell lymphoma (ENKTL), and adult T-cell leuke-
mia/lymphoma (ATLL). Over the past decade, several genetic studies using targeted, whole-exome, and more recently
whole-genome sequencing have identified numerous driver alterations in PTCLs. These alterations include mutations, copy
number alterations, and structural variations (SVs) involving T-cell receptor/NF-kB (such as PLCG1, VAV1, and CD28)
and JAK/STAT (JAK3 and STAT3) pathway components, epigenetic regulators (7E72, DNMT34, and ARIDI14), im-
mune-associated molecules (HLA-A/B, CD58, and PD-LI), and tumor suppressors (7253 and CDKN2A), which are
shared among various PTCL subtypes. Conversely, subtype-specific alterations, such as RHOA G17V and IDH2 R172 mu-
tations in nTFHLs; ALK fusions in ALCL; DDX3X and MSN mutations in ENKTL; and PRKCB, CIC, and CCR4 muta-
tions in ATLL. Regarding the clinical relevance of genetic alterations, combining genetic information with clinical factors
has been reported to improve prognostic stratification in several subtypes of PTCLs, such as ENKTL and ATLL. Addition-
ally, several genetic alterations may have the potential to predict a response to a specific molecularly targeted agent, such as
ALK fusions for ALK inhibitors, PD-L1 SVs for immune checkpoint inhibitors (including anti-PD-1 antibodies), and mu-
tations in epigenetic regulators for histone deacetylase inhibitors and hypomethylating agents. In this study, we summarize
the current understanding of somatic alterations in various subtypes of PTCLs and highlight their clinical utility.
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ers (@),

Conventionally, most patients with PTCL are treated
with anthracycline-containing regimens such as cyclophospha-
mide, doxorubicin, vincristine, and prednisolone (CHOP) or

Introduction

Peripheral T-cell lymphoma (PTCL) is a heterogeneous entity
comprising mature T-cell neoplasms with different clinical, bi-

ological, and genetic characteristics . According to the 5®
edition of the World Health Organization (WHO) Classifica-
tion of Haematolymphoid Tumors (WHO-HAEMS5) and the
International Consensus Classification (ICC), this category
includes PTCL, not otherwise specified (PTCL-NOS), nodal
T follicular helper (TFH) cell lymphomas (n'TFHLs), anaplas-
tic large cell lymphoma (ALCL), extranodal natural killer
(NK)/T-cell lymphoma (ENKTL), adult T-cell leukemia/
lymphoma (ATLL), cutaneous T-cell lymphoma (CTCL,
such as Sézary syndrome and mycosis fungoides), and oth-

CHOP-like regimens ©. After achieving remission with che-
motherapy, some patients undergo autologous stem cell trans-
plantation as consolidation therapy, which may improve pa-
tient outcomes in certain subtypes of PTCL. In addition, allo-
geneic stem cell transplantation offers a potential cure for
some patients, especially those with relapsed or refractory dis-
eases, although its role in PTCL remains controversial. With
respect to novel agents, the ECHELON-2 study demonstrat-
ed that the combination of brentuximab vedotin and cyclo-
phosphamide, doxorubicin, and prednisolone (CHP) showed
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significantly superior progression-free survival for CD30-posi-
tive PTCL, particularly ALK-positive ALCL “. Furthermore,
epigenetic modifiers, including histone deacetylase (HDAC)
inhibitors (such as romidepsin, belinostat, and chidamide [tu-
cidinostat]) as well as hypomethylating agents (such as azaciti-
dine), are effective against various subtypes of PTCL, particu-
larly nTFHL, angioimmunoblastic type (n'TFHL-AI, previ-
ously called as angioimmunoblastic T-cell lymphoma
[AITL]) ©@©. Moreover, subtype-specific treatment modalities
have been developed for several subtypes of PTCL, particular-
ly ALK-positive ALCL, ENKTL, and ATLL (described in de-
tail later).

In patients receiving conventional treatment, prognosis
varies among PTCL subtypes: ALK-positive ALCL has the
best S-year overall survival (OS) of >70%, whereas ATLL has
the worst 5-year OS of <20% . The prognosis of PTCL-
NOS, nTFHL-AI, and ENKTL is intermediate between
these. Historically, the International Prognostic Index (IPI),
which was developed for aggressive non-Hodgkin lymphoma,
has been widely used for prognostication and risk stratifica-
tion in PTCLs ©. Subsequently, several prognostic indices,
such as the Prognostic Index for T-cell Lymphoma (PIT),
modified PIT, and International Peripheral T-cell Lymphoma
Project (IPTCLP) score, have also been developed for PTCL-
NOS and/or nTFHL-AI ® © 09 More recently, several sub-
type-specific prognostic indices, such as the prognostic index
for AITL (PIAI), AITL score, prognostic index of natural kill-
er lymphoma (PINK), and prognostic index for acute- and
lymphoma-type ATLL (ATL-PI), have been proposed (de-

scribed in detail later) 1020304,

Nodal T Follicular Helper Cell
Lymphomas

nTFHL (also known as follicular helper T-cell lymphoma in
ICC) represents a group of mature T-cell neoplasms with im-
munophenotypic features and gene expression signatures of
TFH cells . TFH cells are a subset of effector T-helper cells
that predominantly reside in secondary lymphoid follicles and
are essential for germinal center formation, affinity matura-
tion, and memory B cell development. nTFHL comprises
three subtypes: nTFHL-AI, nTFHL follicular type (nTFHL-
F), and nTFHL not otherwise specified (n'TFHL-NOS). Neo-
plastic T cells exhibit a spectrum of TFH-associated immuno-
phenotypic markers, such as PD-1, ICOS, CXCL13, CD10,
BCL6, CXCRS, SAP, c-MAF, and CD200, with the first five
being more commonly available in the diagnostic setting.
nTFHL-AI is the prototype with well-defined morphological,
immunophenotypic, and genetic profiles. This subtype is
characterized by systemic disease and a polymorphous lym-
phoid infiltrate involving the lymph nodes, accompanied by
prominent proliferation of endothelial venules and follicular
dendritic cells.

Recent genetic studies have shown the stepwise accumula-
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tion of somatic alterations during nTFHL-AI lymphomagen-
esis (Figure 1). In the early phase, hematopoietic stem cells ac-
quire clonal hematopoiesis (CH)-associated mutations, such
as TET2 and DNAM T34 mutations ™. A recent study demon-
strated that CH-associated mutations promote the expansion
of germinal center B cells, which in turn facilitates the devel-
opment of T-cell lymphomas in an nTFHL-AI mouse mod-
el 19, Other genetic alterations occur later in lineage-commit-
ted cells that develop into T-cell lymphomas. Among these,
mutation of RHOA, which encodes a small GTPase, has the
highest frequency (observed in ~70% of nTFHL-AI cases),
with p. G17V being the most prevalent 7@ Neomorphic
IDH?2 mutations, which encode an isocitrate dehydrogenase,
are present in ~30% of cases . In mouse models, 7ez2 inacti-
vation combined with Rboa p. G17V or Idh2 p. R172K mu-
tant expression in CD4" T cells induces T-cell lymphomas that
recapitulate n'TFHL-AI through deregulation of the tran-
scriptomic and/or epigenetic profiles of TFH cells ® . In ad-
dition to these genes, recurrent mutations are present in vari-
ous epigenetic regulators (including KMT2C and
KMT2D) . In addition, several genetic alterations enhance
T-cell receptor (TCR) and co-stimulatory signaling, including
mutations in CD28, VAV1, PLCG1, CARDI11, and FYN, as
well as CTLA4::CD28 and ICOS::CD28 fusions ®*®), TPS3 is
also affected in nTFHL-AI although its frequency is low
(<5%) @9,

On the contrary, nTFHL-F and nTFHL-NOS, previously
termed follicular T-cell lymphoma and PTCL with TFH phe-
notype, respectively, represent less-characterized nodal lym-
phomas that also express TFH molecules @ ®. nTFHL-F ex-
hibited a follicular growth pattern, whereas nTFHL-NOS
lacked the characteristic histopathological features of nTFHL-
Al or nTFHL-F. Due to their low frequency and recent recog-
nition in the WHO and ICC classifications, genetic and clini-
cal differences among the three n'TFHL subtypes remain un-
clear.

In addition to IPI and PIT, several subtype-specific prog-
nostic models (PIAI and AITL scores) have been proposed for
nTFHL-AIL The PIAI comprises the following factors: older
age (>60 years), poor performance status (=2), extranodal
sites >1, B symptoms, and low platelet count (<150 x 10” /L).
The AITL score is based on older age (=60 years), poor per-
formance status (>2), elevated C-reactive protein, and elevated
32-microglobulin. Regarding the prognostic impact of genet-
ic alterations, to date, no association between prognosis and
frequently observed driver mutations, such as those involving
RHOA, TET2, IDH2, and DNAMT3A, has been reported in
nTFHL. Probably reflecting a high frequency of mutations in-
volving epigenetic regulators, nTFHLs have been shown to
demonstrate a high response rate to HDAC inhibitors (such
as romidepsin, belinostat, and chidamide) and hypomethylat-
ing agents (such as azacitidine), although the predictive value

of individual gene mutations has not been clearly establish-
ed (27), (28), (29), (30), (31).
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Figure 1. Frequent genetic alterations in n TFHLs are summarized according to their functionalities. Gain- and loss-of-function

alterations are shown in orange and blue, respectively.

PTCL, Not Otherwise Specified

PTCL-NOS is a heterogeneous category of nodal and extrano-
dal T-cell lymphomas that do not meet the criteria for any spe-
cific PTCL subtypes and has been considered a “waste basket”
category. Gene expression profiling studies have classified
PTCL-NOS into two molecular subtypes based on the expres-
sion of two transcription factors, TBX21 and GATA3, which
regulate T helper 1 (Th1) and Th2 differentiation, respective-
ly @, PTCL-GATAS3 is associated with worse survival com-
pared with PTCL-TBX21. Regarding genetic alterations,
TP53 and/or CDKN2A mutations and deletions are frequent-
ly observed and form a distinct molecular subtype in PTCL-
NOS #6269 This subtype is associated with PTCL-GATA3
and exhibits widespread genomic instability, which preferen-
tially involves molecules associated with immune escape, such
as HLA-A, HLA-B, and CD58. In addition, PTCL-NOS ex-
hibits  recurrent alterations in CH-associated genes
(DNMT34 and TET2), epigenetic regulators (KMT2C,
KMT2D, SETDI1B, SETD2, CREBBP, ARIDI1A, and
ARID2), and TCR signaling molecules (PLCGI, CD28,
CARDI11, TNFAIP3, and PTPRC) ®. Within the PTCL-
TBX21 subgroup, DNM T34 mutation defines a unique sub-
group associated with the cytotoxic T-cell phenotype and a
worse prognosis *. Conversely, there is a subset that lacks the
driver alterations characteristic of PTCLs and shows a better
prognosis ®¥. These observations suggest clinical and genetic
heterogeneity in PTCL-NOS.

Anaplastic Large Cell Lymphoma
ALCL involves the proliferation of predominantly large lym-

phoid cells with high CD30 expression and is divided into two
groups based on ALK expression . ALK-positive ALCL gen-
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erally has a favorable prognosis and harbors a defining struc-
tural variation (SV) that fuses the 3' portion of ALK on chro-
mosome 2p23 with the s' portion of a partner gene that func-
tions as a promoter. Although more than 20 partner genes
have been reported to be involved in ALK SVs, NPMI1::ALK
is the most common (>80% of cases), followed by
TPM3::ALK. These SVs cause constitutive expression of the
kinase function, triggering numerous cellular signaling path-
ways, especially the JAK/STAT pathway. Molecularly targeted
agents, including small-molecule ALK inhibitors, have the po-
tential to improve the prognosis of ALK-positive ALCL, par-
ticularly in patients with relapsed or refractory diseases .

Conversely, ALK-negative ALCL possesses recurrent gain-
of-function mutations in /4K 1 and/or STAT3, as well as rare
SVs involving tyrosine kinase genes, such as ROSI and
TYK2®. These genetic alterations also activate the JAK/
STAT pathway, which may underlie the pathological and bio-
logical similarities between ALK-positive and ALK-negative
ALCLs. SVs involving the DUSP22 locus at 6p25.3 occur in
approximately 20%-30% of cases ® 0, In approximately 5% of
cases, TP63 SVs occur as an inversion of 3q28 involving the
partner gene TBLIXRI and are associated with worse out-
comes.

Extranodal NK/T-cell Lymphoma

ENKTL is an aggressive NK/T-cell neoplasm that predomi-
nantly occurs in Asian countries and frequently involves the
upper aerodigestive tract, including the nasal cavity, nasophar-
ynx, and paranasal sinuses “*“. ENKTL is characterized by
angiodestructive, tissue necrosis, and cytotoxic phenotype and
is strongly associated with Epstein-Barr virus (EBV). ENKTL
generally exhibits a type II latency pattern characterized by la-
tent membrane proteins (LMPs) 1 and 2 and EBV nuclear an-
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Figure 2. Frequent genetic alterations in ENKTL are summarized according to their functionalities. Gain-of-function and loss-
of-function alterations are shown in orange and blue, respectively.

tigen 1 (EBNA1) . Although their precise oncogenic roles
have not been well investigated in the ENKTL pathogenesis,
these viral products, particularly LMP1, transcriptionally up-
regulate MYC expression and activate the NF-kB and JAK/
STAT pathways, which can contribute to NK/T-cell transfor-
mation, survival, and proliferation.

In addition to EBV infection, acquired somatic alterations
are considered essential for the development and progression
of ENKTTL. Several recent genetic studies have revealed the en-
tire landscape of genetic alterations in ENKTL and have iden-
tified recurrent somatic alterations (Figure 2) ¢4 () 46, @68
The most frequent genetic alterations in ENKTL are SV and
amplifications involving PD-LI (also known as CD274) ¢,
These SVs include a variety of SV types (deletion, inversion,
tandem duplication, and translocation), most of which result
in 3"-untranslated region (UTR) truncations, causing constit-
utive activation of PD-L1 @ Approximately half of the
ENKTL cases possessed somatic alterations in immune-associ-
ated molecules, including MHC class I components (HLA-
A/B/C and B2M), an MHC class II transactivator (CIITA),
and molecules involved in cell adhesion (CD58) and death sig-
naling (FAS), together with PD-L1%) 9696769 The second
most altered pathway is epigenetic regulation, consisting of
molecules involved in histone modification (BCOR, KMT2D,
ASXL3, KDM6A, and EP300), chromatin remodeling
(ARIDI1A4), and DNA methylation (7E72). Other commonly
altered pathways include tumor suppressors (7753,
CDKN2A4, and POT1), transcription factors (PRDAMI and

MGA), RNA helicase family (DDX3X and E[F4A41I), the
JAK/STAT pathway (JAK1, JAK3, STAT3, STATSB, and
SOCS1), and the RAS/MAPK pathway (KRAS, NRAS,
BRAF, and MAP2K1).

Among arm-level copy number alterations (CNAs), chro-
mosome X deletions are the most prevalent and are exclusively
observed in females. In addition, ENKTL cases harbor fre-
quent disruptions of X-linked driver genes (MSN, BCOR,
DDX3X, and KDMG6A), which are more common in males
and females with chromosome X losses Y. Among the X-
linked drivers, MSN was the most frequently altered factor,
and disruption of MSN was reported to promote cell prolifer-
ation, activate the NF-KB pathway, and confer higher sensitivi-
ty to NF-XB inhibition. These observations suggest that driver
genes on chromosome X are coordinately involved in ENKTL
pathogenesis and may explain male predominance in ENKTL.

In addition to genetic alterations involving the host ge-
nome, frequent deletions within the EBV genome have been
reported in EBV-associated lymphoid neoplasms, including
ENKTL. Among them, the most frequent are deletions affect-
ing BamHI-A rightward transcript (BART) microRNA clus-
ters 1 and 2 "¢ which are shown to reactivate the lytic cycle
through the upregulation of two immediate early genes,
BZLFI and BRLFI, thus contributing to lymphomagene-
sis ©?. The second most common is deletions at the origin of
replication (oriP), which consists of two essential compo-
nents: the family of repeats and the dyad symmetry se-
quence ®. These components contain multiple binding sites
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for EBV nuclear antigen-1 (EBNA-1), which facilitates the
replication and stable maintenance of EBV plasmids. There-
fore, BART and oriP deletions appear to be involved in the de-
velopment and progression of ENKTL through different mo-
lecular mechanisms.

Although the clinical outcome of ENKTL has substan-
tially improved as a result of new treatment strategies with L-
asparaginase-based chemotherapies and the upfront use of
concurrent chemoradiotherapy, the prognosis of patients with
advanced disease remains poor, with a S-year OS rate of
40% @) Clinical prognostic models have been widely used,
including PINK, which is based on four risk factors: older age
(>60 years), advanced disease (stage III or IV), distant lymph
node involvement, and non-nasal type, or PINK in combina-
tion with peripheral blood EBV DNA (PINK-E) ®. In addi-
tion, new molecular classifications have recently been pro-
posed. For example, gene expression profiling showed that
ENKTL cases can be divided into three transcriptomic sub-
types: tumor suppressor (7P53) / immune modulator (JAK/
STAT pathway and PD-L1) (TSIM), MGA-BRDT (MB),
and HDACY-EP300-ARID1A (HEA) subtypes “”. These
subtypes differed significantly with respect to cell of origin,
EBV gene expression, transcriptional signatures, and responses
to L-asparaginase-based regimens and targeted therapy. In ad-
dition, our genetic study showed that genomic alterations can
also classify ENKTL cases into two genetic subtypes . In
this classification, group 1 is characterized by a larger number
of driver alterations and is enriched with alterations involving
tumor suppressors (CDKN24 and TP53) and gain-of-func-
tion mutations of the JAK/STAT (/J4K3 and STATS5B) and
RAS/MAPK (NRAS) pathway molecules. In contrast, PD-LI
SVs, amplifications, mutations, and deletions affecting MSN
and ARIDI1A were more frequently observed in group 2. Im-
portantly, group 1 had a worse prognosis than group 2, inde-
pendent of the PINK score. In addition to prognosis, genetic
alterations can predict response to molecularly targeted
agents. In particular, it has been reported that patients harbor-
ing PD-L1 SVs show superior outcomes following PD-1
blockade therapy, suggesting its utility as a predictive biomark-
er for immune checkpoint inhibitors ©.

Adult T-cell Leukemia/Lymphoma

ATLL is an aggressive T-cell neoplasm which is caused by hu-
man T-cell leukemia virus type-1 (HTLV-1) retrovirus and as-
sociated with a poor prognosis ©*¢”. Although HTLV-1-en-
coded products, such as Tax and HBZ, contribute to ATL de-
velopment and/or progression, additional genetic alterations
accumulate even in the HTLV-1 carrier state and are essential
for ATLL leukemogenesis ¢ ¢ @) The ATLL genome is
characterized by frequent alterations in the TCR/NF-KB sig-
naling pathway, including gain-of-function mutations in
PLCGI, PRKCB, and CARDI11, CTLA4::CD28 and
ICOS::CD28 fusions, and REL

truncation
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(Figure 3) @ @) Although Tax strongly activates the NF-
kB signaling pathway, HTLV-1 sense strand genes, including
Tax, are frequently downregulated or genetically silenced in
ATLL 696%@)_ Thus, it is reasonable to speculate that ATLL
cells develop alternative oncogenic mechanisms by acquiring
somatic alterations in the TCR/NF-KB signaling pathway
while escaping immune surveillance by repressing immuno-
genic viral genes. In addition, ATLL cells evade immune at-
tack by acquiring somatic alterations in immune-related mole-
cules. Like ENKTL, one-fourth of ATLL cases harbor SVs in-
volving PD-L1 3"-UTR, which induce PD-L1 overexpression
in not only tumor cells but also surrounding non-tumor
cells @) In addition, loss-of-function alterations in MHC
class 1 (HLA-A, HLA-B and B2M) and other immune-related
molecules (CD58 and FAS) occur in more than half of all
ATLL cases ), Together with genetic alterations, epige-
netic repression through the extensive accumulation of DNA
methylation and histone H3 lysine 27 (H3K27) trimethyla-
tion contributes to the deregulation of these driver pathways.
For example, EZH2 is a component of polycomb repressive
complex 2 (PRC2), which is involved in H3K27 trimethyla-
tion. Its overexpression is common in ATLL, which suppress-
es microRNA-31 (miR-31) and subsequently induces NIK
overexpression, leading to constitutive activation of the non-
canonical NF-KB pathway . In addition, DNA hypermethy-
lation frequently occurs in the CpG islands of MHC class 1
genes, leading to the downregulation of these genes ?.

Another important genetic target is the CIC-ATXNI1
transcriptional repressor complex, whose gain-of-function oc-
curs via expansion of the ATXN1 polyglutamine stretch, lead-
ing to neurodegeneration in spinocerebellar ataxia type 1. In
ATLL, loss-of-function mutations and disrupted SVs fre-
quently affect long isoform (C/C-L)-specific exons. In combi-
nation with the disrupted SVs of 4 TXNI, CIC-ATXNT1 alter-
ations were detected in more than half of the ATLL cases .
Other common genetic alterations include signaling pathway
molecules (including STAT3 and NOTCH1 mutations), tran-
scription factors (GATA3 mutations and JKZF2 intragenic
deletions), transcriptional co-regulators (7BLIXRI and
IRF2BP2 mutations), chemokine receptors (CCR4 and CCR”
C-terminal truncating mutations), epigenetic regulators
(ARID2 and EP300 mutations), and tumor suppressors
(TP53 and CDKN2A mutations and deletions as well as 7P73
intragenic deletions) (¢ (5@,

Clinically, ATLL is classified into four subtypes: acute,
lymphoma, chronic, and smoldering ©*¢” The acute and lym-
phoma subtypes are aggressive diseases with a poor prognosis
that usually require intensive therapies, including allogeneic
stem cell transplantation. The chronic and smoldering sub-
types generally exhibit indolent clinical course, but many of
them eventually transform into more aggressive diseases.
These aggressive and indolent diseases possess distinct genetic
and epigenetic properties 7. The aggressive subtypes exhib-
it increased mutations and CNAs. In particular, 7P53 and
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Figure 3. Frequent genetic alterations in the ATLL are summarized according to their functionalities. Gain-of-function and loss-
of-function alterations are shown in orange and blue, respectively.

IRF4 mutations, PD-LI amplification, and CDKN24 dele-
tion are more common in aggressive subtypes, whereas STAT3
mutation is more frequent in indolent ATLL. Based on clini-
cal factors, several prognostic indices have been developed, in-
cluding ATL-PI (based on stage, performance status, age, al-
bumin, and soluble IL-2 receptor level) and the Japan Clinical
Oncology Group prognostic index (JCOG-PI; based on calci-
um level and performance status) ** 7. Moreover, albumin,
blood urea nitrogen, and lactate dehydrogenase levels are asso-
ciated with worse prognosis in chronic ATLL 9 ¢, In addi-
tion to these clinical factors, genetic alterations can predict
prognosis independently of clinical factors ™. Among individ-
ual somatic alterations, PRKCB mutation and PD-L1 amplifi-
cation are poor prognostic indicators in aggressive ATL,
whereas in indolent ATL, JRF4 mutation, PD-LI amplifica-
tion, and CDKN2A deletion independently predict worse sur-
vival ™. In addition, the profiling of various driver alterations,
including coding and noncoding mutations, SVs, and CNAs,
can classify ATLL cases into two molecular groups with dis-
tinct clinical and genetic features . In this classification,
group 1 showed fewer driver alterations but was enriched with
alterations affecting proximal TCR signaling molecules (in-
cluding PLCGI and VAVI1) and STAT3. Conversely, group 2
included most lymphoma cases, showed shorter survival, and
was associated with distal TCR/NF-KB pathway components
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(PRKCB and IRF4%), immune-related molecules, and epige-
netic regulators. These observations suggest that ATLL can be
divided into molecularly different subsets with different clini-
cal characteristics.

Several novel agents have been used for ATLL in clinical
settings, including anti-CCR4 antibody (mogamulizumab),
HDAC inhibitor (chidamide), and EZH1/2 inhibitor (vale-
metostat). Genetic alterations are also associated with re-
sponse to novel agents. For example, CCR4 mutation predicts
a better response to mogamulizumab ™. In contrast, loss-of-
function mutations and deletions of CCR4 were identified as
mogamulizumab resistance mechanisms in a subset of CTCL
patients “*. Similarly, acquired mutations at the PRC2-com-
pound interface reduced interactions with valemetostat, lead-
ing to increased H3K27 trimethylation and therapeutic resist-
ance 7. Therefore, molecular profiling can not only improve
prognostic stratification and help predict the efficacy of mo-
lecularly targeted agents in ATLL.

Conclusion

Next-generation sequencing technologies have clarified the en-
tire landscape of genetic alterations and identified many driver
genes in various PTCL subtypes. Genetic alterations showed
extensive heterogeneity within and across subtypes. In partic-
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ular, several alterations are highly specific to a certain subtype,
such as RHOA G17V and IDH2 mutations in nTFHLs, ALK
fusions in ALCL, DDX3X and MSN mutations in ENKTL,
PRKCB, CIC, and CCR4 mutations in ATLL. However,
there are many alterations shared among different PTCL sub-
types, including alterations involving TCR/NF-xB and JAK/
STAT pathway molecules, epigenetic regulators, immune-as-
sociated molecules, and tumor suppressors. These genetic al-
terations can improve the prognostic prediction of several sub-
types of PTCLs, such as ENKTL and ATLL. In addition, sev-
eral genetic alterations may have the potential to predict a re-
sponse to a specific molecularly targeted agent, such as PD-LI
SVs, in response to immune checkpoint inhibitors. The genet-
ic information provides novel insights into the molecular basis
of PTCLs, which can be exploited for further diagnostic and
therapeutic development to improve treatment strategies for
these diseases.
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