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Challenges in nodal peripheral
T-cell lymphomas: from
biological advances to

clinical applicability
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T cell lymphomas are a heterogenous group with varying biological and clinical
features that tend to have poor outcomes with a few exceptions. They account
for 10-15% of all non-Hodgkin lymphomas (NHL), and 20% of aggressive NHL.
There has been little change in the overall prognosis of T cell lymphomas over
the last 2 decades. Most subtypes carry an inferior prognosis when compared to
the B cell lymphomas, with a 5-year OS of 30%. Gene expression profiling and
other molecular techniques has enabled a deeper understanding of these
differences in the various subtypes as reflected in the latest 5th WHO and ICC
classification of T cell lymphomas. It is becoming increasingly clear that
therapeutic approaches that target specific cellular pathways are needed to
improve the clinical outcomes of T cell lymphomas. This review will focus on
nodal T cell lymphomas and describe novel treatments and their applicability to
the various subtypes.
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1 Introduction

A diagnosis of Peripheral T cell lymphomas (PTCL) remains challenging and confusing
for physicians as well as patients. This has to do with the rarity of this group of diseases with
clinical features that overlap other illnesses and an overall poor prognosis. PTCL are a
heterogenous group of lymphomas, arising from the post thymic T lymphocytes. They
account for 10-15% of all non-Hodgkin lymphomas (NHL), and 20% of aggressive NHL.
The incidence of PTCL in all age groups is 2.1 per 100,000 (1). The recent world health
organization (WHO) classification describes over 30 distinct subtypes of T cell lymphomas
(2). In 2004, a letter to the editor identified the “large and unexplored problem of T cell
lymphomas” (3) and outlined the poor outcome of T cell lymphomas compared to
aggressive diffuse B cell lymphomas by publishing a survival curve that showed a 5-year
survival of 30% in PTCL vs over 50% for B cell lymphomas with CHOP like therapies only
with the exception of anaplastic large cell lymphoma. They pointed out that this was very

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1150715/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1150715/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1150715/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1150715/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1150715&domain=pdf&date_stamp=2023-04-28
mailto:jazain@coh.org
https://doi.org/10.3389/fonc.2023.1150715
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1150715
https://www.frontiersin.org/journals/oncology

Zain and Kallam

likely the result of the very aggressive nature of T cell lymphomas
and lack of specific therapies for T cell lymphomas. There was no
reason to believe that regimens used to treat aggressive B cell
lymphomas should work in T cell lymphomas. Since then, there
has been a vast increase in our understanding of T cell lymphomas
and there have been treatments studied and approved that are
specific to T cell lymphomas. These include pralatrexate,
romidepsin, belinostat and Brentuximab Vedotin (4-7). Despite
this, there has been little change in the overall prognosis of T cell
lymphomas over the last 2 decades (8). Most subtypes carry an
inferior prognosis when compared to the B cell lymphomas, with a
5-year OS of 30% (9, 10). This is in part due to lack of
understanding of subtype specific pathogenesis as well as the
challenges of performing prospective clinical trials evaluating
therapies in this field of rare diseases.

In recent years, techniques of molecular biology have allowed
the exploration of the genomic landscape of various subtypes of
PTCL leading to a better understanding of the pathobiology of the
diseases, as well as risk stratification and have paved a way for
development of targeted molecules. Gene expression profiling
(GEP) has been instrumental towards better identifying the
subsets of PTCL and identifying prognostic markers. GEP and
whole genome sequencing have also recognized distinct epigenetic
regulators contributing to the lymphomagenesis (11). This is now

10.3389/fonc.2023.1150715

leading to development of targeted therapies that are expected to
change the treatment paradigms of PTCL. This article with review
the current developments in the understanding of nodal PTCL from
lymphomagenesis to therapeutic developments.

2 Updates in classification of PTCL

The most recent fifth edition of the world health organization
(WHO) classification (2) and the international consensus
classification of mature lymphoid neoplasms (ICC 2022) (12)
now incorporates the recent advances in the understanding of T
cell lymphomas. The mature T cell and NK-cell neoplasms are
broadly grouped into 9 types, based on the cell of origin,
cytomorphology, disease localization and clinical features (2).
Broadly classified into nodal T cell lymphomas and extra-nodal
leukemic T cell lymphomas, the major subtypes are summarized in
Table 1 alongwith the comparison to the older 2017 classification. A
more detailed description of the individual nodal subtypes are
described below:

The various subtypes of peripheral T cells that form the
complex immune system leave the thymus as mature T cells after
undergoing T cell receptor (TCR) rearrangement, a process that is
mediated by a complex array of cytokines and their receptors. The

TABLE 1 Outlines the changes made to the nomenclature/diagnostic criteria for nodal PTCL's.

2022 ICC
Classification

2022 WHO
classification

2017 updated

WHO
classification

Comments

Peripheral T-cell
lymphoma, not
otherwise specified

TFH lymphoma,
angioimmunoblastic
subtype

TFH lymphoma,
follicular type

TFH lymphoma, NOS

Peripheral T-cell
lymphoma, not
otherwise specified

Nodal TFH cell
lymphoma,
angioimmunoblastic-

type

Nodal TFH cell
lymphoma, follicular-
type

Nodal TFH cell
lymphoma, NOS

Peripheral T-cell
lymphoma, not
otherwise specified

Angioimmunoblastic T
cell lymphoma

Follicular T cell
lymphoma

Nodal peripheral T-cell
lymphoma with TFH
phenotype

Remains a diagnosis of exclusion; Two biological variants -

PTCL-TBX21 and PTCL-GATA3 are identified. Cytotoxic EBV-negative cases may
represent

a distinct subgroup

Diagnostic criteria is unchanged. Grouped under nodal T follicular helper cell lymphoma
(TFH). New terminology introduced to group lymphomas with similar phenotype and
gene expression profiling signatures.

New nomenclature. Diagnostic criteria is unchanged.

New nomenclature.
Diagnostic criteria is unchanged.

Anaplastic large cell
lymphoma, ALK
positive

Anaplastic large cell
lymphoma, ALK
negative

Breast implant
associated ALCL

Primary nodal EBV+
NK/T cell lymphoma

ALK positive,
Anaplastic large cell
lymphoma

ALK negative,
Anaplastic large cell
lymphoma

Breast implant
associated ALCL

EBV+ve nodal NK
and T cell lymphoma

Anaplastic large cell
lymphoma, ALK-
positive

Anaplastic large cell
lymphoma, ALK-
positive

Breast implant
associated ALCL

New entity

No change in diagnostic criteria

No change in the diagnostic criteria. Recognized as a heterogenous entity. TP63
rearrangements,

Overexpression of PD-L1 in over half the cases

Constitutive JAK-STAT activation by somatic mutations of STAT3,
STAT5B, JAK1 and JAK2 and loss-of function mutations of SOCS1
and SOCS3

New distinct entity from PTCL -NOS. Now grouped under EBV+ve positive NK/T cell
lymphomas

The table compares the nomenclature differences between the recent classifcations for nodal T cell lymphomas to the 2017 revised WHO classification. 2022 (ICC) International consensus
classification of mature lymphoid neoplasms;. 2022 (WHO) World health organization classification of T cell lymphomas. TFH, T follicular helper cell; NOS, not otherwise specified; ALK,
anaplastic lymphoma kinase; ALCL, anaplastic large cell lymphoma; EBV, Epstein barr virus.
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differentiation of these cells is mediated by transcription factors
such as FOXP3 for T, Bcl 6 for Try Thet for Th1 and GATA3 for
Th2 transcription factors. Each of these cells secrete distinct
cytokines, which play a role in the signaling pathways of the
immune system and dysregulation of these pathways is thought
to play a role in the tumorigenesis. The variability among several
types of T cells and their differentiation forms the basis for the
heterogeneity noted in PTCL. Gene expression profile (GEP)
studies have identified subsets of PTCL’s with molecular

signatures similar to the non-neoplastic cells (11, 13-15).

2.1 PTCL-Nos

PTCL - NOS is a heterogenous category that does not
correspond to any defined subgroup of PTCL and is typically a
diagnosis of exclusion. PTCL- NOS is the most common subtype in
the Western countries. It affects older patients, with a mean age of
diagnosis of 60 years. There is a slight male predilection, with a
majority of patients presenting with advanced stage disease. Patients
typically present with nodal disease. They may also be extra-nodal
involvement, with skin and gastrointestinal tract being the most
common extra nodal sites of disease (16). Morphologically, PTCL-
NOS demonstrates paracortical infiltrates, with effacement of the
normal lymph node architecture. It is associated with expression of
CD3, CD4, loss of CD7, CD5. CD30 is expressed in about 32% to 64%
of cases with PTCL-NOS (17). Epstein barr virus has been reported to
be present in 30% of all PTCL-NOS (16). However, in the recent 5th
WHO dlassification, the EBV+ ve lymphomas are recognized as a
distinct entity and are grouped under EBV+ve NK/T cell lymphomas.
GEP studies identified two sub-groups within PTCL- NOS (11). One
sub-group, designated as PTCL- TBX21 is characterized by
expression of TBX21 and target genes such as CXCR3, CCL3 and
IL2RB. TBX21 is the master regulator of Thl cells. PTCL- TBX21
subtype is associated with dysregulated nuclear factor kappa B(NF-
kB) pathway (18). The other group, PTCL- GATA3 is characterized
by overexpression of GATA3 and its target genes such as CCR4,
CXCR7, ILI8RA an IK (19). and regulates Th2 differentiation,
pointing towards a different cell of origin for these two subtypes.
On the other hand, PTCL -GATA3 seen in 33% of the cases and is
associated with poor prognosis, irrespective of the TpP53 status. Next
generation sequencing shows PTCL- GATA3 to have high genomic
complexity, with frequent loss of Tp53, PTEN and CDKNA (18). It is
characterized by MYC over-expression and has more cytotoxic
features. PTCL- GATA3 subtype is associated with altered PI3
Kinase - mTOR signaling as well (18). Although these are not
recognized as distinct subtypes in the WHO classification, they are
noted to have different morphological features. PTCL-TBX21 has a
more polymorphic background, with reactive inflammatory cells
when compared to PTCL -GATA3. PTCL -GATA3 has sheets of
medium sized tumor cells with clear cytoplasm and is characterized
by a lack of inflammatory background (19).

Epigenetic mutations (described in detail below) are less
frequent than in AITL or PTCL with Tgy phenotype. TET2
mutations are seen on 38%-49%, DNMT3A (5%-36%) of
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PTCL-NOS. Mutations in epigenetic regulator genes such as
KMT2C, KMT2D, KMT2A could have a possible association with
a poor progression free survival and predict responsiveness to
HDAC inhibitors, but more studies are warranted. Mutations in
the TCT signaling/NF-kB genes have been reported in VAVI,
RHOA, CARDI11, CD23 and PTPRX (20). In-frame fusion
transcripts involving TCR signaling genes have been identified
[FYN: TRAF3IP2, KHDRBS1:LCK], which activate signaling
pathways downstream of TCR complex and could be a potential
target for tyrosine kinase inhibitors. Recurrent mutations in a
tumor suppressor gene, FAT1 have been found in 39% of the
cases and is associated with a poor prognosis (21).

2.2 Nodal T follicular helper cell ymphoma

This new nomenclature was introduced in the 2022 5™ WHO
classification to group together PTCLS that have a Tgy phenotype,
overlapping molecular and clinical features. Specific diagnostic
criteria have been described that include a primary nodal/
systemic process expressing CD4 and have three of the five TFH
markers, i.e CD10, BCL6, CD279, CXCL13, and ICOS. The
cells also tend to express T cell surface antigens -CD2, CD3
and CD5, which can be detected on flow cytometry or on
immunohistochemical staining. The expression of at least two
TFH markers (CD10, BCL-6, CD279, CXCL13 and ICOS) are
required only for nodal T-follicular helper lymphomas (nTFH),
non-otherwise specified (nTFH-NOS); previously designated as
Peripheral T-cell lymphoma with follicular helper phenotype
(PTCL-TFH). The AITL group and follicular type do not require
a threshold cut-off expression of those markers as the
morphological architecture is characteristic.

There are three nodal lymphomas which have TFH cell origin
that are sub grouped under this category - angioimmunoblastic
subtype (previously known as AITL), Nodal TFH cell lymphoma,
follicular-type (previously known as follicular T cell lymphoma)
and Nodal TFH cell lymphoma, NOS (previously known as Nodal
peripheral T cell lymphoma with a T follicular helper phenotype).
GEP has been instrumental in differentiating among these
subtypes (22).

2.2.1 TFH lymphoma, angioimmunoblastic
subtype [TFH lymphoma - AITL subtype]

TFH lymphoma - AITL subtype is commonly seen in older
individuals and is characterized by diffuse lymphadenopathy, along
with diverse constitutional signs and symptoms. It is often
associated with skin rashes, and autoimmune features, including
cold agglutinin hemolytic anemia and immune mediated
cytopenia’s. Epstein-Barr virus (EBV) positive B immunoblasts
are present, but the neoplastic cells do not have EBV (22). AITL
exhibits various histological patterns and is often associated with a
prominent microenvironment that can obscure the neoplastic cells,
atypical B cell proliferations and clonal B cell expansion can be seen.
This lymphoma is characterized by effacement of the normal
architecture of the lymph node, with diftuse infiltrates of medium
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sized, atypical lymphocytes with clear cytoplasm Proliferation of
arborizing post capillary vessels, is considered one of the hallmarks
of this disease. TFH -AITL subtype is most frequently found to have
mutations resulting in epigenetic dysregulation and can explain the
higher response rates that are seen with epigenetic therapies. TET2
is present in 50-90% of cases, DNMT3A and IDH2 are seen on 20%
to 55% of cases (23) An inactivating RHOA mutation can be seen in
70% of TFH lymphoma -AITL subtype and usually co-occurs with
TET2 mutations. RHOAG;v mutated AITL has a higher incidence
of B symptoms, splenomegaly, and increased expression of Tyy
markers. IDH2 g;7, mutation is associated with a histologically
distinct subgroup, with medium to large clear cells and CXCL13
expression (24). Other mutations that are present are CD28, VAV1,
PLCGI, STAT3, JAK2 (25).

2.2.2 Nodal TFH cell lymphoma, follicular
helper type

FTCL predominantly has a follicular growth pattern and lacks
the classical morphologic features of AITL. Morphologically, two
distinct growth patterns are recognized: a follicular growth pattern
that mimics B-cell follicular lymphoma (FL-like) and a progressive
transformation of a germinal centers-like pattern (PTGC-like) In
cases with the FL-like pattern, the neoplastic T-cells are arranged in
well-defined nodules that lack the morphological features of normal
follicles. In PTGC-like cases, the neoplastic T-cells are seen in small
aggregates surrounded by small mantle zone B-cells arranged in
large, irregular nodules. FTCL shares similar clinical features and
mutational profiles with AITL and nodal TFH lymphoma, NOS.
phenotype. A t(5;9) (q33;q22) ITK : SYK translocation has been
reported in 15% of FTCL, which results in constitutive SYK
kinase activation.

2.2.3 Nodal TFH lymphoma, NOS

Nodal TFH NOS phenotype show an infiltrative growth pattern
and lack vascular proliferation, without sufficient pathological
features to be diagnosed as AITL. Their mutational profile is
similar to that of AITL. TET2, DNMT3A, IDH2R172, and
RHOAGI17V are frequently identified. Mutations in TCR
signaling genes, such as PLCGI, PIK3R1, CARD11, CTNNBI,
and KRAS have also been reported (23).

2.3 Anaplastic large cell lymphoma

The 5" edition of the WHO classification defines ALCL as
mature T cell lymphomas characterized by sheets of pleomorphic,
large horse-shoe shaped lymphoma cells, with a uniform strong
expression of CD30 and often a lack of expression of T lineage
markers. There are three distinct subtypes recognized in this
classification — ALK negative ALCL, ALK positive ALCL and
breast implant associated ALCL (26, 27).

2.3.1 Systemic ALCL
They have a nodal presentation and is classified into ALK+ and
ALK-ve ALCL based on the presence of ALK protein detected by
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IHC (26). The high expression of CD30 has led the path to CD30
directed therapies like Brentuximab Vedotin with high response
rates in this subtype (27).

ALK+ve ALCL is seen in younger patients and is associated with
good prognosis if the IPT is low at presentation (28, 29). Presence of
ALK by IHC is associated with an improved 5-year OS of 79% when
compared to 46% for ALK negative patients (29, 30). ALK has
several fusion partners, with NPM 1 on chromosome 5 being the
most common one (31). ALK gene fusions lead to activation of
multiple intracellular transduction pathways, notably the JAK-
STAT3, NOTCH and PI3Kinase pathways (32). TP53 mutation is
seen in 11% of ALK +ve cases and more frequently seen in younger
patients (33). LRP1B gene mutation is reported but does not play a
role in the prognosis. NOTCHLI is seen in 20% of patients and has
been associated with increased cellular proliferation (34).

ALK negative ALCL nodal lymphomas have all the other
morphological and phenotypical features of a CD30 positive
cytotoxic ALCL, except ALK expression. They occur in an older
age group and in general have a prognosis that is intermediate
between ALK+ ALCL and other PTCL histology’s. Emerging
molecular data shows substantial heterogeneity, with several
subgroups emerging (35). About 70% of Alk-ve ALCLs also
express activated STAT3 through tyrosine kinase activity
mediated by TYK or ROS1 and mutations of JAK1 and STAT 3
itself. Two recurrent and mutually exclusive rearrangements —
DUSP22 and TP63 are seen in ALK-ve ALCL (18). DUSP22-R
can be seen in 30% of the cases, is thought to have tumor
suppressor function, has several distinct clinicopathological and
molecular features (36). Morphologically, ALK negative
DUSP22- R is characterized by monomorphic medium sized
cell population with increased doughnut shaped cells, lack of
JAK-STAT3 pathway activation, absence of PD-L1 expression,
characteristic GEP signature (37). Although in the 2022 ICC
classification, ALK-negative ALCL with DUSP22-R is considered
as a subtype of ALK-negative ALCL, the WHO classification does
not recognize DUSP22 -R ALK negative ALCL. (12) DUSP-22 R
in general is considered to have favorable prognosis, with
outcomes comparable to ALK+ve ALCL, however recent studies
have also reported poor outcomes in patients with DUSP22-R
(38). Fluorescence in situ hybridization (FISH) for DUSP22-R is
recommend in ALK negative ALCL to identify the subtype for
prognostic purposes. Testing for JAK2- rearrangements may help
not only in identification but may also have therapeutic
implications (39). However, further studies are needed before
FISH can be used in routine clinical practice.

TP63 mutations are associated with a poor prognosis, with a 5
year survival of 17%. GEP studies have shown enrichment of IRF4
and MYC signature as well as proliferation of mTOR gene
signatures in ALK-ve ALCL (35, 35). There is low expression of
genes involved in TCR signaling and a high expression of CD30 and
its associated genes (TNFRSF8, BATF3, and TMODI). There are
altered responses to proapoptotic signals as well as Treg and TAM
mediated immune dysregulation. PD-1 overexpression is also
present in some DUSP22-R negative ALCL. This may provide
further therapeutic opportunities.
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2.3.2 Breast implant associated ALCL

Breast implant associated ALCL is typically a non-invasive
neoplasm occurring in association with textured surface breast
implants (40). It is an entity considered distinct from ALK-ve
ALCL and is associated with an excellent prognosis. GEP show
consistent absence of ALK, DUSP22 and TP63 rearrangements
(41). Invasion of adjuvant structures is less common and associated
with a poor prognosis. Studies have shown the pathogenesis to be
mediated by the TH2 inflammatory cells, subsequent immune
evasion. Certain bacterial pathogens such as Ralstonia have also
been implicated (42). PD-L 1 overexpression is seen in over 50% of
the cases. Somatic mutations of STAT3, STAT5B, JAK1 and JAK 2
resulting in constitutive activation of the JAK-STAT pathways, loss
of function mutations of SOCS1 and SOCS have also been reported
(43). Treatment consists of removal of the implant. Systemic
therapy is reserved only for extracapsular spread (40).

2.4 EBV positive T and NK cell lymphoma

EBV positive T and NK cell lymphoma was previously classified
under the PTCL-NOS. It is now recognized as a distinct entity in
both the WHO classification and the 2022 ICC classification (12). It
is seen more commonly among East Asians, with patients
presenting with advanced lymphadenopathy with or without extra
nodal involvement, B symptoms. EBV positive T/NK cell
lymphoma is an aggressive disease, with a median survival of 1.5
months (44). Morphologically, diffuse infiltrate of uniform
appearing medium to large, EBV+ve cells are noted. Absence of
angioinvasion and necrosis are the characteristic features and are
used for identification of this lymphoma. The lymphoma shows
increased expression of PD-L1, demonstrates frequent mutations of
TET2 and PI3 Kinase (45).

TABLE 2 Novel agents for treatment of PTCL and their targeted
pathways.

Target Novel agents

HDAC inhibitors
Hypomethylating agents
EZH2 inhibitors

Epigenomic mutations

PI3Kinase inhibitors
Janus kinase pathway inhibitors
SYK pathway inhibitors

Signaling pathways/Kinase directed therapies

Aurora kinase inhibitors
ALK inhibitors

CD 30 inhibitors
CD 25 directed therapies

Cell surface receptors

Tumor microenvironment Immunomodulatory agents
Check point inhibitors

Anti-CD 47 agents

Non cell signaling pathways inhibition Antiapoptotic therapies

Farnesyl transferase inhibitors
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3 Therapeutic advances

Improved understanding of the tumor biology has not only led
to more accurate diagnosis, risk stratification and prognosis, but has
also identified critical pathways, which can potentially be altered to
improve treatment outcomes. Novel agents targeting epigenomic
mutations, cell cycle signaling pathways, tumor microenvironment
and cell surface receptors are being used with promising results.
Table 2 summarizes some of the potential novel agents and their
targets that are being used and are under investigation. These will be
discussed in detail below

3.1 Epigenetic mutations and
targeted therapies

Changes in epigenetic signaling and DNA methylation have
been described in T cell lymphoma (46). Epigenetic modifiers such
as TET2, DNMT1, DNMT3A, 3B and TDH2 are implicated in T
cell lymphoma pathogenesis. TET2 mutations result in cytosine
demethylation and repress gene transcription (47). IDH2 is a
specific isoform of the krebs cycle isocitrate dehydrogenase and
the mutated enzyme catalyzes the conversion of alpha ketoglutarate
(TET2 co-factor) to 2- hydroxyglutarate. Although IDH2 is not an
epigenetic modifier, its alterations affect epigenetic modifications
downstream on the TET2 pathway. TET2 mutations are loss of
function mutations and have been implicated in the pathogenesis of
AITL and Tgy derived PTCL (70-80% of cases), ALK- negative
ALCL (33% of cases). DNTM3A mutations are seen in about 11-
33% of patients with PTCL, the mutations frequently co-exist with
TET2 mutations, resulting in suppression of transcription (47).
These mutations are more commonly seen in AITL. Both TET2 and
DNMT3A mutations occur during early hematopoietic stem cell
maturation. IDH2 mutations are more commonly seen in AITL and
their occurrence correlates with Tryy GEP signatures (24). EZH2
(enhancer of zeste homolog 2) has found to be mutated and
overexpressed in several subtypes of PTCL (48). In ATLL, NF-kB
plays a critical role in expression of EZH2.

Mutations in EZH2 result in transcriptional silencing, and
inhibition of EZH2 in PTCL results in cell growth arrest via gene
upregulation (48). KMT2D (mixed lineage leukemia 2) encodes
histone methyltransferase, with gene mutations seen in 25% of
patients with AITL and 36% in PTCL- NOS. Valemetostat is a dual
inhibitor of EZH2 and EZH1 and is thought to increase the gene
expression of pro-apoptotic and tumor suppressor genes by altering
histone methylation. In a phase I study, 45 patients with rel/ref
PTCL were treated with single agent valemetostat, with an ORR of
48%. The side effects observed were mainly thrombocytopenia
(59%) and dysgeusia (51%) (49). A phase II study evaluating the
efficacy of valemetostat in rel/ref PTCL is ongoing, with early results
suggesting it to be an effective agent in rel/ref PTCL (50).

Histone deacetylate inhibitors (HDACI) such as romidepsin
and belinostat are approved for relapsed PTCL (51-53). Given that
the epigenomic dysfunction is seen to a greater extent in AITL and
PTCL - FH subtype, the HDACS seem to have a higher impact in
these subtypes. The ORR of romidepsin in AITL is 30% when
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compared to an ORR of 25% across all subtypes of PTCL. Studies
have shown a response rate of 45% in AITL (52). Hypomethylating
agents such as 5- azacytidine and decitabine, inhibit DNMT and are
being evaluated in AITL (54). A study by Delarue et al. evaluated the
efficacy of 5-azacitidine in 19 patients with relapsed/refractory
PTCL. Twelve patients had AITL (54). The ORR was 75% in
patients with AITL when compared to 15% on other subtypes. It
is to be noted that responding patients had a TET2 mutation. Real
world data showed an ORR of 40% with 5-azacitdine among
patients with heavily pretreated rel/ref AITL (55).

A study evaluating romidepsin and 5 azacytidine in 25 patients
with relapsed/refractory PTCL had response rates of 61% and a CR
of 48% (56). A retrospective study evaluating real-world data of 26
patients reported an ORR 73% and a CR 53%. Most common
mutations found were TET2, RHOA, IDH2 and DNMT3A (57). A
phase II study treated patients with 5-azacitidine and CHOP as first
line therapy for PTCL (58). This study prioritized patients with
TFH subtype of PTCL and enrolled 17 patients with TFH nodal
lymphoma, 3 patients with PTCL-NOS and 1 patient with ATLL.
Upon completion of treatment, the CR was 76.5% for all patients
and 86.7% for patients with TFH nodal lymphoma. The 1-year PFS
was also superior at 61% for the TFH lymphoma subtype when
compared to 57% for all patients. NGS showed that TET2 mutations
were associated with a significantly higher CR rate, favorable PFS
and OS (58). The final efficacy data from this study is pending, but
the preliminary data appears promising for consideration of such
biomarker guided therapies in the front-line setting.

Patients with Ty subtype had response rates of 80%, median
progression free survival of 20.6 months. The responders also had a
higher average number of DNMT mutations. IDH 2 mutations with
substitution at R172 noted in TFH -AITL subtype could be a
potential target. A phase Enasidenib, a novel IDH 2 inhibitor is
being evaluated in patients with IDH-2 mutated TFH- AITL
(NCT02273739) (59).TET- selective small molecular inhibitors
(TETi 76) (60), IDH2 specific inhibitors for R172 codon noted in
TFH- AITL are also being explored (61).

3.2 Signaling pathways

Dysregulated signaling pathways are being evaluated to find
novel therapeutic targets. RHOA gene belongs to the Rho family of
small GTPases, a group of Ras- like proteins involved in
intracellular signaling (62). Gain of function mutations of the
RHOA gene drive the Tpy differentiation, NFAT signaling
activation, augment the PI3 kinase- AKT- mTOR signaling
pathway, resulting in increased cell proliferation and
transformation. Gain of function mutations are seen in up to 70%
of AITL, 15% ATLL and are associated with cell proliferation.
Agents targeting the kinase pathways could potentially be more
efficacious in patients who have the RHOAGI12V mutation. PI3K
inhibitors such as duvelisib, multi-kinase inhibitors such as
dasatinib have been proposed as therapeutic options (63). Current
studies targeting these pathways are described below.
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3.3 Kinase targeted therapies

3.3.1 PI3kinase inhibitors

PI3kinases are intracellular signaling molecules and are critical for
growth and differentiation of lymphocytes. They occur in 4 isoforms —
alpha, beta, gamma, delta (64). The gamma and delta subtypes are
involved in adaptive immune response and are preferentially
expressed in leucocytes. Targeting PI3K — gamma delta pathway has
emerged as a promising treatment option for PTCL. Tenalisib and
Duvelisib have been evaluated in patients with relapsed/refractory
PTCL. A phase I study evaluated duvelisib (oral gamma delta specific
PI3Kinase inhibitor) in heavily pretreated 16 patients with relapsed/
refractory PTCL and showed an ORR of 50%, with an OS of 8.4
months (65). Grade 2 or higher toxicities included elevated liver
function tests (35%), pyrexia (37%), cough (34%), cytopenia’s (24%).
This prompted a larger phase II dose finding/expansion study
[PRIMO NCT03372057] (66). The preliminary data was consistent
with the phase I study, with an ORR of 49%, CR 34% and a median
duration of response of 7.7 months (67). Tenalisib, an oral dual
PI3Kinase gamma/delta inhibitor was evaluated in 28 patients with
heavily treated relapsed/refractory PTCL. Preliminary data shows a
response rate of 45%, with a median duration of 4.1 months (68). The
toxicity profile is similar to duvelisib. Several combinations with
PI3Kinase inhibitors are also being evaluated. Duvelisib and
romidepsin have been studied in combination with an ORR of 50%.
This combination had lower rates of grade 3/4 transaminitis (8%)
when compared to single agent duvelisib (40%), suggesting a potential
immunomodulatory effect of romidepsin on PI3Kinase associated
transaminitis (69).

Based on the preliminary data and the relatively safe toxicity
profile, PI3 Kinase inhibitors are being studied in a combination
with immune checkpoint blockade (copanlisib plus
pembrolizumab, NCT02535247), with chemotherapy (copanlisib
+ gemcitabine, NCT03052933. Upfront studies, combining
chemotherapy with PI3K inhibitors are ongoing (A051902).

a) Janus Kinase Pathway

The Janus kinase family proteins (JAKI, JAK2, JAK3, TYK2)
play a role in mediating immune responses. Downstream to the JAK
proteins are STAT family of transcription factors, which regulate
the effects of JAK. Activating mutations and gene fusion resulting in
activated JAK-STAT pathway signaling have been reported in
several subtypes of PTCL. A phase II study of ruxolitinib in 53
patients with relapsed/refractory PTCL reported an ORR of 29%
among patients with activating JAK/STAT mutations (70).
Response rates were higher in patients with PTCL-T gy subtype
and in AITL - 44%, large granular leukemia 75%. The commonly
reported grade 3 or higher side effects were cytopenia’s.
Golidoctinib, is an oral JAK1 specific inhibitor, is being evaluated
in patients with rel/ref PTCL. A phase I/II study (NCT04105010),
study enrolled 51 patients with rel/ref PTCL and reports a response
rate of 43%. The drug was well tolerated, with grade 3 or higher
neutropenia was seen in 29% of the patients, thrombocytopenia
seen in 10% (Kim, Yoon et al. 2022).

b) SYK pathway
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SYK encodes a tyrosine kinase protein that regulates PI3K
downstream signaling pathway (71). It is normally expressed on
the B cells, but not on the T cells. Aberrant expression of SYK is
noted in about 90% of the T cells. Cedulatinib, a JAK/SYK inhibitor
was evaluated in 60 patients with PTCL, with an ORR of 35% (72).
The response rates in patients with PTCL-Tgy type and AITL
was 55%. Most common adverse events included elevated
lipase, diarrhea, cytopenia’s. TAK-659, a novel SKY inhibitor is
currently in development, with preclinical studies showing
promising results in non-Hodgkin lymphomas. [NCT-3357626,
NCT02000934, NCT03742258]

¢) Aurora A kinase pathway

Aurora Kinase is a protein kinase that mediates spindle
formation during mitosis and is overexpressed in PTCL. Alisertib
is an oral aurora kinase A inhibitor, which showed preclinical
activity in PTCL (73). A phase III randomized study of alisertib
in rel/ref PTCL showed an ORR 33% (74). However, there was lack
of benefit in progression free survival when compared to the control
arm and this trial was terminated early.

d) Anaplastic Lymphoma Kinase

As ALCL is divided based on the presence of translocation that
fuses the anaplastic lymphoma kinase (ALK) gene to NPM, ALK
inhibitors have been evaluated in patients with ALK + ALCL.
Crizotinib, an ALK inhibitor is FDA approved for treatment of
pediatric patients with rel/ref ALK+ALCL (75). The approval was
based in a single arm trial of crizotinib in 26 patients, aged <20 years
with relapsed/refractory ALCL. The ORR was 88%. A phase I study
evaluated 9 adult patients with heavily pretreated rel/ref ALK+
ALCL (76). All patients experienced complete responses to therapy.
There is an ongoing study evaluating ceritinib, a second generation
ALK inhibitor, with promising preliminary data (77). Alectinib, a
second generation ALK inhibitor has also been evaluated, with
promising results. Crizotinib is being evaluated in combination with
cytotoxic chemotherapy in patients as a part of front-line therapy in
ALK+ALCL [NCTO01979536]. In vitro studies have shown
synergistic activity with crizotinib and brentuximab vedotin (78)
and clinical studies are being designed evaluating this combination.

4 Specific targeted therapies
4.1 CD30 directed therapy

The tumor necrosis family receptor CD30 is universally
expressed in ALCL irrespective of the ALK status. It is variably
expressed in other subtypes and can be present in 58-64% of PTCL,
43-63% AITL, 55% ATLL. Brentuximab vedotin (BV) is an
antibody drug conjugate, composed of an antiCD30 monoclonal
antibody linked to monomethyl auristatin E, a microtubule
inhibitor (79). BV was first evaluated in patients with rel/ref
ALCL, with an ORR of 86% (27). BV also evaluated in patients
CD30+ PTCL, with an ORR of 41% and a median PFS of 6.7
months (80). Based on the encouraging results from these studies,
ECHELON -2, a randomized double blinded study randomized 226
patients with newly diagnosed PTLD, with at least 10% CD30
expression to receive either BV in combination with
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cyclophosphamide, vincristine and prednisone (A+CHP) or
cyclophosphamide, vincristine, prednisone, doxorubicin (CHOP)
(5). Combining BV to chemotherapy proved superior to
chemotherapy alone, with a median PFS of 48 months v.s 21
months of CHOP. The hazard ratio was 0.71 indicating a 29%
reduction in the risk of relapse. Five-year follow up shows the
durability of the responses, with a PFS of 51% with the A+ CHP arm
when compared to 43% with the CHOP arm (81). The OS was 70%
with the A+CHP arm and 61% with the CHOP arm. The benefit in
PES and OS was seen across all subtypes of PTCL. This is a pivotal
study that led to the approval of A+ CHP as front-line therapy for
CD30+ PTCL. Other combinations are being evaluated including
the combination of BV with CHEP s upfront therapy and other
agents like gemcitabine (ASH abstract).

4.2 CCR4

CC chemokine receptor 4 (CCR4) promotes memory T cell
homing to peripheral tissues and is preferentially expressed by Th2
and regulatory T cell subsets. CCR4 is predominantly expressed in
ATLL. CCR4 is also expressed in about 30-65% of other PTCL cells,
including a high expression (65%) in ALK -ve ALCL, variable
expression (40%) in PTCL- NOS, AITL and transformed MF
(82). Mogamulizumab is a humanized, IgG1 monoclonal anti
CCR4 antibody. It has a direct cytotoxic effect on CCR-4 positive
lymphoma cells via ADCC and depletes the regulatory T cell,
resulting in an antitumor activity. It is approved for CCR4+ rel/
ref ATLL in Japan based on a phase 2 study that reported a response
rate of 50%, with median PFS and OS of 5.2 and 13.7 months (83).
In the US, it is approved for patients with cutaneous T cell
lymphoma. The main side effects are skin reactions seen in up to
63% of patients, infusion reactions and hematologic toxicity.

4.3 CD25 directed therapies

T-cell activation (CD 25) is the alpha subunit of the
heterotrimeric IL-2 receptor. CD25 is seen in upto 40-50% of all
PTCL’s (84). As it is differentially expressed on malignant T cells,
this has been evaluated for a potential target. Antibody drug
conjugates towards CD25 have shown promising results.
Camidanlumab tesitine, a CD 25 antibody conjugated to cytotoxic
pyrrolobenzodiazepine dimer has shown promising results in
relapsed PTCL. Responses correlate with CD25 expression (85).
Camidanlumab tesitine is currently accruing patients in phase II
study, with promising responses seen in patients with hodgkin
lymphoma. Radiolabeled antibodies such as Y*° labeled basiliximab
are being evaluated in combination with cytotoxic chemotherapy in
PTCL directed transplant regimens (86).

5 Altering the tumor
microenvironment

A three-signal pathway is thought to contribute to T cell
lymphomagenesis - (i) antigenic stimulation through TCR
engagement — signal 1 (ii) co-stimulatory signals from non- MHC
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surface receptors -signal 2, (iii) cytokine signals through paracrine
stimulation - signal 3 (14). Both type 2 and type 3 signals are mediated
by non-neoplastic T cells, highlighting the role the tumor
microenvironment plays in this disease (14). The tumor cells cause
modulation of the microenvironment and decrease the tumor
immunogenicity and in doing this, promote their survival (14). The
neoplastic T cells produce several soluble cytokines such as IL-5, IL-13
and VEGF and other immune regulatory molecules. The IL-13 recruit
eosinophilic granulocytes from the blood stream. These eosinophils
secrete high amounts of IL-10, IL-4, which sustain macrophage
differentiation into a tumor favoring subtype. These differentiated
macrophages express PD-L1 and produce several angiogenetic and
immune-modulatory soluble mediators which facilitate tumor
immune escape from antitumor cytotoxic T cells. PTCL also
recruits non-neoplastic Tregs lymphocytes which dampen the
antitumor immune responses (87).

Therefore, targeting the tumor microenvironment may provide
a therapeutic opportunity.

5.1 Immunomodulatory agents

Lenalidomide acts by modulation of substrate specificity of
CRL4“®®N ubiquitin ligase complex and in doing so, induces
degradation of protein targets that mediate immune responses
such as interleukin production and NK/T cell proliferation (88).
By doing so, lenalidomide decreases cell proliferation and enhances
NK cell cytotoxicity. Lenalidomide has being investigated in PTCL,
both as a single agent and in combination therapy. A phase 1/2
study reported an ORR of 22% in 54 patients with Rel/Ref PTCL
(89). The median PFS was 2.5 months. Response rates were
comparable across all subgroups. A multicenter trial (EXPECT)
reported a similar response rate of 22% with 11% CR, mostly in
patients with AITL (90). While single agent activity is low,
lenalidomide is being studied in combination regimens in T-cell
Lymphomas. The combination of CHOEP and lenalidomide as an
upfront treatment resulted in an ORR of 48% in a phase 2 study in
40 patients; however, there was significant toxicity (91). Romidepsin
and lenalidomide has been combined safely; the phase 1/2 study of
21 patients produced a response rate of 53% with acceptable
hematologic toxicity (92). The combination is now being
evaluated in an upfront study of elderly patients with PTCL. The
combination of Romidepsin, lenalidomide and carfilzomib resulted
in an ORR of 50% in a phase 1/2 trial of 20 patients (93).
Lenalidomide is being studied in combination with BV and with
immune check point inhibitors such as anti-PD1 antibody
durvalumab (NCT03011814) in cutaneous T cell lymphomas.

5.2 Checkpoint inhibitors

Use of checkpoint inhibitors in T cell malignancies poses
concerns as although there is an anti-tumor effect on the
cytotoxic T cells, there could also be an unintended blocking of
PD-1 driven tumor suppression maintained by the PD-L1 expressed
on the antigen presenting cells. There have been reports of rapid
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progression in patients with ATLL when treated with nivolumab
(94). PD-1 inhibitors have been used in ENKL, with response rates
of 100% with pembrolizumab. The EBV viral proteins upregulate
the PD-1 receptor levels, which is thought to be the reason for
superior response rates with PD-1 inhibitors when compared to.
Pembrolizumab has been used in patients with relapsed/
refractory cutaneous lymphomas, with response rates of 38% (95).
However, these responses have been short-lived. The use of
checkpoint inhibitors in PTCL is currently limited to clinical trials.

5.3 Anti CD47 antibodies

CD47 is a cell surface regulator of phagocytosis and is mediated
by macrophages and dendritic cells. Increased expression of CD47
results in an inhibitory signal for phagocytosis. Inhibition of CD47
signaling can promote macrophage phagocytosis of tumor cells
(96). Anti CD47 directed antibodies are being used in PTCL, with

promising results.

6 Cellular therapy

Chimeric antigen receptor T cells, targeting CD19 have
significantly improved outcomes in B cell lymphomas. CAR-T
therapy has since been expanded into treatment of other
hematological malignancies. Studies have been ongoing to
determine if CAR-T cells could be used to treat T cell lymphomas.

Designing CAR-T cells to target T cell neoplasms has been
challenging due to the following complications. CAR-T fratricide,
due to endogenous expression of T cell antigens that CAR-T cells
are designed against, limits T cell expansion (97). Preclinical studies
are ongoing, investigating manipulating the CAR antigen target to
bypass the fratricide. T cell aplasia is a potential complication.
Unlike B cell aplasia that is encountered with CD 19 CAR’s, T cell
aplasia has a risk of permanent immunosuppression, resulting in
life threatening infections. CAR-T cells targeting CD 30 are being
developed, with pre-clinical studies showing good cell expansion
and cytotoxic activity against PTCL xenograft tumors (98). CAR T
cells targeting CD4, CD5, CD7 are also being developed. Allogenic
T cells and use of alternate cell sources such as CAR-macrophages
are also in early phase clinical trials.

7 Non- cell signaling Kinase/non
epigenetic therapies

7.1 Anti-apoptotic therapies

Apoptosis is regulated by BCL2 family of proteins, which function
by counter balancing pro and antiapoptotic members, MCL1 and
BCL2. High levels of MCL 1 expression have been described in PTCL
and inhibition of this pathway is associated with reduced cell survival
(99). Koch et al. described MCL1 dependent PTCL xenograft model
where MCL 1 inhibition was synergistic with multiagent
chemotherapy and improved survival (100). Based on this data,
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several studies, with agents targeting MCL1 and BCL2 in patients with
rel/ref PTCL are ongoing (PRT1419 -NCT04543305; AMG 397 -
NCT03465540, venetoclax — NCT03534180).

7.2 Farnesyltransferase inhibitors

CXCL12 expression has shown to have a prognostic significance in
patients with PTCL. Tipifarnib, a farnesyltransferase/CXCR4 inhibitor
has shown to downregulate CXCL12 secretion in stromal cultures
(101). CXCLI12 can be expressed in up to 50% of AITL. This drug is
being selectively investigated in patients with CXCL 12+ PTCL- NOS
or AITL. A phase 2 study evaluated the role of tipifanib heavily
pretreated patients with AITL or PTCL- NOS (102). In the AITL
cohort, there were 11 evaluable patients with an OR of 45%. Among the
3 evaluable CXCL12+ PTCL patients, one patient had a PR and 2
patients had SD to therapy. CXCL 12 expression was found to correlate
with favorable outcome to treatment (102). Pre-treatment high
CXCLI12 expression had 90% sensitivity and 93% specificity to
accurately predict a treatment response. The primary toxicities were
thrombocytopenia and neutropenia.

8 Conclusions

How best to incorporate these novel agents into the existing
treatment regimens is both exciting and challenging. Given the
relatively low and short-lived response rates with single agent
therapy, combination therapies are being explored. For frontline
therapy, combination chemotherapy with addition of BV in CD30+
patients have become the current standard of care. Consolidation
autologous stem cell transplant is recommended for eligible patients
with PTCL, other than ALK+ve ALCL. Treatments combining
novel agents such as romidepsin/azacytidine with cytotoxic
chemotherapy are being explored. In the rel/ref setting, trials
combining novel agents such as copanlisib+ romidepsin,
durvalumab+ lenalidomide are being evaluated.

Clinical trials incorporating GEP to tailor treatments are
warranted. An umbrella study in Japan is evaluating the efficacy
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