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Peripheral T-cell lymphomas (PTCLs) encompass a biolog-
ically diverse group of non-Hodgkin lymphomas derived
from mature T-lymphocytes. Most PTCLs present as nodal
diseases and include several subtypes characterized by dis-
tinct clinical and pathologic features, and will be the focus
of this editorial. The PTCL group presenting as rare distinc-
tive extranodal diseases will not be discussed. While T-cell
neoplasms, like B-cell lymphomas, recapitulate stages of
normal differentiation, the biology is notably intricate and
exhibits remarkable plasticity. Such complexity results in
diverse tumor types with numerous distinct entities, each
with unique clinical, morphologic, and genetic features. The
evolving understanding of PTCLs has led to recent changes
in PTCL classification in the 5th edition of the WHO classi-
fication (WHO-HAEMS5)! and the International Consensus
Classification (ICC)? (Table 1). This editorial focuses on
these nodal PTCL classification changes and discusses the
biological underpinnings and clinical implications while
exploring the potential impact on future research and

patient care.
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Nodal T follicular helper (TFH) cell
lymphoma/follicular helper T-cell
lymphoma

The revised WHO 4th edition set an initial framework by
introducing the term, nodal lymphomas of TFH cell origin.
Under this umbrella, angioimmunoblastic T-cell lymphoma
(AITL), follicular T-cell lymphoma, and nodal periph-
eral T-cell lymphoma with TFH phenotype were grouped
together. In its new classification, the ICC 2022 assumes a
unifying approach, proposing follicular helper T-cell lym-
phoma as a unified entity, further subclassified into the fol-
lowing subtypes: angioimmunoblastic type; follicular type;
and not otherwise specified (NOS). In parallel, the WHO-
HAEMS5 opted for nodal TFH cell lymphoma as the family
encompassing three related entities. Specific entities were
termed, as follows: nodal TFH lymphoma, angioimmunob-
lastic-type; nodal TFH lymphoma, follicular-type; and nodal
TFH lymphoma, NOS.

Despite the subtle differences in terminology, both classifi-
cations converge on the fundamental understanding of TFH
lymphomas. The classifications acknowledge the commonal-
ity of these lymphomas stemming from the observation that
AITL exhibits a gene expression profile and immunostaining
features similar to normal TFH cells that was subsequently
demonstrated in other TFH lymphomas®”’. Both classifica-
tions recognize the shared mutational landscape of these TFH
lymphomas, specifically mutations in RHOA G17V and the
epigenetic regulators, TET2 and DNMT3A.

The definition of the three TFH lymphomas is similar across
both classifications. The angioimmunoblastic and follicular
types are established lymphomas with unchanged definitions
from WHO-HAEMA4R, whereas TFH lymphoma, NOS is less
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Table1 Complete nomenclature of nodal T-cell lymphomas in WHO-HAEMA4R, 1CC2022, and WHO-HAEMS classifications

WHO-HEAMS5 WHO-HEAM4R ICC 2022
Nodal T-follicular helper (TFH)-cell Nodal lymphomas of T follicular helper (TFH)  Follicular helper T-cell lymphoma
lymphoma cell origin

- Angioimmunoblastic-type

Angioimmunoblastic T-cell lymphoma

- Angioimmunoblastic type

- Follicular-type

Follicular T-cell ymphoma

- Follicular type

- Not otherwise specified (NOS)

Nodal peripheral T-cell ymphoma with T

- Not otherwise specified (NOS)

follicular helper phenotype

ALK-positive anaplastic large-cell ymphoma  Anaplastic large cell ymphoma, ALK-positive  Anaplastic large cell ymphoma, ALK positive

ALK-negative anaplastic large-cell lymphoma Anaplastic large cell ymphoma, ALK-negative Anaplastic large cell ymphoma, ALK negative

Breast implant-associated anaplastic large
cell lymphoma

Breast implant-associated anaplastic large
cell lymphoma (provisional entity)

Breast implant-associated anaplastic large
cell lymphoma

Peripheral T-cell lymphoma, not otherwise

specified specified

Peripheral T-cell lymphoma, not otherwise

Peripheral T-cell ymphoma, NOS

EBV-positive nodal T- and NK-cell ymphoma Variant of peripheral T-cell lymphoma, not

otherwise specified

Primary nodal EBV-positive T-cell/
NK cell lymphoma (provisional entity)

well-defined and more challenging to diagnose. In both clas-
sifications, this lymphoma is defined as a mature T-cell lym-
phoma that does not meet the criteria of any other PTCL but
demonstrates strong expression of a minimum of two TFH
markers. A minor difference is that the WHO-HAEMS5 accepts
CD4-negative cases if CD8 is not expressed, while the ICC
requires the tumor to be CD4-positive. Both classifications
emphasize recognizing the TFH phenotype for accurate diag-
nosis, suggesting an extended panel of immunohistochemical
markers, like CD10, BCL6, PD1/CD279, ICOS, and CXCL13.
The current definition of nodal PTCL with TFH phenotype/
nodal TFH lymphoma NOS is based on the immunohistochem-
ical expression of at least two TFH-associated markers. Each
marker has a different specificity and sensitivity, and the thresh-
old for positivity has not been defined. In addition, the techni-
cal aspects of the assays have not been standardized. Addressing
these issues is warranted and further research should be con-
ducted to identify a more robust classifier for this entity.
Similarly, both classifications highlight the importance of
mutational profiling, which may facilitate establishing the
diagnosis. Preliminary studies suggest that TET2 mutations
are highly prevalent (~80% in AITL) among all 3 types of
TFH lymphomas but are not exclusive to this group. In con-
trast, the RHOA G17V mutation rarely occurs outside these
lymphomas’. The co-occurrence of TET2 and DNMT3A

mutations may be more characteristic of TFH lymphomas.
Indeed, there are some reports on the presence of ITK-SYK
fusion in follicular T-cell lymphomas. Notably, the IDH2 R172
mutation appears unique to the angioimmunoblastic type®’.
Nevertheless, the precise prevalence rates of TET2, RHOA, and
DNMT3A mutations within these three subtypes remain to be
defined and the role of mutational profiling in shaping future
diagnostic criteria needs additional studies. Additional studies
are required to define the mutational profiles of these cases as
currently specified.

Recent studies have also underscored the role of clonal
hematopoiesis (CH) in the pathogenesis of AITL. CH,
manifested by the clonal expansion of a hematopoietic stem/
progenitor cell, is caused by acquired somatic mutations in
the same epigenetic modulators (i.e., DNMT3A or TET2)
commonly encountered in TFH lymphomas. The mutated
clone within the hematopoietic stem cell (HSC) niche exhib-
its enhanced fitness compared to wild-type cells. The muta-
tion may also influence the differentiation of the progeny of
HSCs!?. Consequently, CH gives rise to identical TET2 or
DNMT3A mutation in the both myeloid and lymphoid cells
derived from the same mutated stem cell. CH has been detected
in many TFHL patients that often had a higher variant allele
frequency in the lymphoma than expected from the tumor cell

content, suggesting that these TFHL cells and some stromal
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cells originate from HSCs harboring the CH mutation'!. The
presence of additional, private mutations (e.g., RHOA and/
or IDH2) in the TFH lymphoma component, but not in the
corresponding CH, indicates that the CH clone may initiate
the TFHL oncogenesis, but further evolution of the T-cells
within a suitable microenvironment is needed for neoplastic

transformation.

Anaplastic large cell lymphoma
(ALCL)

Systemic ALCLs usually present as advanced disease with nodal
involvement and are therefore discussed herein, although
extranodal involvement is also frequent. Both remain broadly
consistent with the 2017 WHO classification, recognizing ALK-
positive and -negative ALCLs as distinct entities. BIA-ALCLs
are distinct from other ALK-neg ALCLs and are no longer a
provisional variant in either of the two classifications. Notably,
WHO-HAEMS5 does not include provisional entities. In both
classifications, primary cutaneous ALCLs are grouped sep-
arately, indicating the close relationship to primary cutane-
ous T-cell lymphoid proliferations and lymphomas. While all
ALCL entities have an anaplastic morphology with hallmark
cells and very strong, uniform CD30 expression, each subtype
demonstrates unique molecular features.

No major changes have been described in ALK-positive
ALCL, which is defined by the presence of ALK fusion proteins
due to ALK rearrangements with different partner genes. The
resulting ALK fusion protein leads to inappropriate and con-
stitutive activation of the ALK kinase function. This process
initiates a cascade of cellular signaling pathways, prominently
including PLC-y, PI3K/AKT, Cdc42/Racl, JNK/cJun, RAS/
ERK/MAPK, mTOR, JAK/STAT3, and the STAT5B pathways.
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While ALK-negative ALCL has often been considered a sin-
gle entity in prior classifications, emerging data underscore
the molecular heterogeneity. Like ALK-positive ALCL, there is
activation of the JAK-STAT3 pathway in approximately two-
thirds of ALK-negative ALCLs. This activation is usually sec-
ondary to JAK1, JAK3, or STAT3 mutations or rearrangements
involving TYK2, ROS1, or FRK'?!3. In contrast, approximately
30% of ALK-negative ALCLs display rearrangements at the
DUSP22 locus (6p25.3) and exhibit no JAK-STAT3 pathway
activation or a DNA hypomethylation state!*. The WHO-
HAEMS5 retains ALK-negative ALCL as a unified entity but
acknowledges the molecular diversity. Conversely, the ICC rec-
ognizes cases with DUSP22 rearragements as a distinct genetic
subtype of ALCL (ALK-negative) that is characterized by
unique pathologic and molecular features, including a unique
signature gene expression, DNA hypomethylation, recurrent
MSC mutations, and characteristic morphologic features, such
as small doughnut-shaped cells and LEF1 expression and the
absence of cytotoxic markers'?!*. A small subset (<10%) of
ALK-negative ALCLs have TP63 gene rearrangements, which
have been associated with aggressive clinical behavior and

poor outcomes!*.

Peripheral T-cell lymphoma, not
otherwise specified (PTCL-NOS)

The ICC and WHO-HAEMS5 classifications agree on the
definition of PTCL-NOS as a mature T-cell lymphoma that
does not meet the criteria for any specific PTCL subtype. The
classification has evolved with the exclusion of EBV-positive
T/NK-cell lymphoma primarily involving nodes. Once
included as a PTCL-NOS variant, EBV-positive T/NK-cell

lymphoma is now acknowledged as its own entity due to

Table 2 Characteristics of two major molecular subgroups of PTCL-NOS identified by gene expression profiling studies

PTCL-NOS, GATA3

PTCL-NOS, TBX21

— Overexpression of GATA3 and related genes

— Upregulation of mTOR/PI3K pathways

— Greater genomic complexity

— Deletions & mutations of many tumor suppressor genes

— Worse prognosis

— Minimal tumor microenvironment; more monomorphic
morphology

— CD4+/CD8- or CD4-/CD8- without expression of
cytotoxic antigens

— Overexpression of TBX21 and related genes

— Upregulation of interferon and NF-xB pathways

— Lesser genomic complexity

— Mutations in epigenetic regulators

— Better prognosis

— Prominent tumor microenvironment; more polymorphic
morphology

— Variable expression of CD4 and CDS8; subset shows cytotoxic antigen
expression
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distinct clinicopathologic and molecular characteristics'>!6.
Similarly, excluding cases that express two or more TFH mark-
ers is critical because these PTCL-NOS are now regarded as a
type of TFH lymphoma.

Gene expression profiling has highlighted two main molec-
ular subgroups within PTCL-NOS (PTCL-GATA3 and PTCL-
TBX21) each bearing unique morphologic, molecular, and
clinical features®!”18 (Table 2). PTCL-GATA3 is linked to a
worse prognosis and exhibits increased genomic complex-
ity with high-frequency deletions of many tumor suppressor
genes, such as TP53, PTEN, CDKN2A, and PRDM]I. At the
same time, PTCL-TBX21 is characterized by mutations in
epigenetic regulators, suggesting distinct oncogenic pathway
involvement®!. An immunohistochemical algorithm has
been proposed as an alternative to molecular classification in
routine clinical practice!®. Moreover, a digital gene expression
classifier for nodal T-cell lymphomas has been introduced,
showing the potential to distinguish between PTCL-GATA3
and PTCL-TBX21 using paraffin-embedded tissues®.

PTCLs with a cytotoxic gene expression signature were
observed and later linked to the PTCL-TBX21 subgroup. These
cases appeared to have an unfavorable prognosis compared
with the other TBX21 cases!”!%2!. However, the significance of
CD4/8 and cytotoxic marker expression in PTCL-NOS diag-
nosis has yet to be completely elucidated. Further studies are
needed to determine the most reliable cytotoxic T-cell differ-
entiation/identity indicators and how best to implement them
in the clinical setting. This would pave the way for defining
cytotoxic PTCL as a separate entity.

PTCL-NOS is often portrayed as a group of lymphomas
with an inferior prognosis and limited therapeutic options. As
discussed above, PTCL-NOS heterogeneity is well-delineated,
but additional molecular studies and functional analyses are
required to clearly define these entities, refine diagnostic crite-

ria, and open avenues for advanced targeted treatments.

Primary nodal EBV-positive T-/NK-
cell lymphoma/ EBV-positive nodal
T- and NK-cell lymphoma

According to the previous WHO-HAEMA4R classification, tum-
ors with EBV-encoded RNAs (EBERs) present in most neo-
plastic cells and primary nodal presentation were classified as
primary nodal EBV+ T/NK-cell lymphoma and listed as a var-
iant of PTCL, NOS. However, in the recent WHO-HAEMS5 and
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ICC dlassifications, primary nodal EBV+ T/NK-cell lymphoma
has been promoted to a new entity status. The WHO-HAEM5
recognizes it as a distinct entity, designating it as EBV-positive
nodal T- and NK-cell lymphoma. The ICC categorizes it as a
provisional entity, under the designation of primary nodal
EBV+ T/NK-cell lymphoma. Currently, in both classifications
these tumors are considered distinct from nodal PTCL-NOS
with expression of cytotoxic markers that are EBV-negative and
extranodal EBV-positive NK-/T-cell lymphomas.

This entity is now identified as a unique group, typically
presenting with systemic lymphadenopathy without nasal
or nasopharyngeal involvement. A primary nodal EBV+ T/
NK-cell lymphoma mostly consists of cytotoxic CD8+ T-cell
tumors but also includes NK-cell derived tumors, which are
distinct from extranodal NK/T-cell lymphomas (ENKTCLs),
in which NK-cell tumors predominate. Primary nodal EBV+
T/NK-cell lymphomas are often detected in immunocompro-
mised patients with expression of proteins related to immune
evasion, such as PD-L1%. Due to the phenotypic similarity to
ENKTCL, the classification underscores the need for cautious
diagnosis because ENKTCL occasionally affects lymph nodes
secondarily.

While these lymphomas are frequently analyzed as a collec-
tive group, without differentiating between NK cell-derived
and T-lineage-derived cases, such an approach might obscure
the genetic, molecular, and clinical distinctions between the
subgroups. It is imperative for future research to address these

issues.

Conclusions

The WHO-HAEMS5 and ICC2022 classification systems have
introduced important advances to the classification of nodal
mature T-cell neoplasms, enhancing our comprehension and
leading to a more precise diagnosis of these complex lympho-
mas. Despite these significant improvements, the continuous
understanding of nodal T-cell lymphomas should remain an
ongoing scientific endeavor. While the differences between
the proposed classifications in this area are minor and mainly
revolve around terminology, it is crucial for future revisions to
unify the terminology to establish a common language, which
is critical for both effective scientific communication and con-
tinued advances in the field. While future research should be
directed towards a deeper exploration of the molecular under-
pinnings of these lymphomas and the discovery of potential

novel therapeutic targets, a more immediate focus should be
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to define more clearly the diagnostic boundaries between dif-
ferent entities, and in particular, nodal TFH cell lymphoma/
AITL/PTCL-NOS and cytotoxic T-cell lymphoma/helper
PTCL-TBX21.

Conflict of interest statement
No potential conflicts of interest are disclosed.
Author contributions

Conceived and collected the data: Both authors.

Wrote the manuscript: Both authors.

References

1. Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, Araujo
IBO, Berti E, et al. The 5th edition of the world health organization
classification of haematolymphoid tumours: Lymphoid neoplasms.
Leukemia. 2022; 36: 1720-48.

2. Campo E, Jaffe ES, Cook JR, Quintanilla-Martinez L, Swerdlow SH,
Anderson KC, et al. The international consensus classification of
mature lymphoid neoplasms: a report from the clinical advisory
committee. Blood. 2022; 140: 1229-53.

3. deLeval L, Rickman DS, Thielen C, Reynies A, Huang YL,

Delsol G, et al. The gene expression profile of nodal peripheral
T-cell lymphoma demonstrates a molecular link between
angioimmunoblastic T-cell lymphoma (AITL) and follicular helper
T (TFH) cells. Blood. 2007; 109: 4952-63.

4. Piccaluga PP, Agostinelli C, Califano A, Carbone A, Fantoni L,
Ferrari S, et al. Gene expression analysis of angioimmunoblastic
lymphoma indicates derivation from T follicular helper cells and
vascular endothelial growth factor deregulation. Cancer Res. 2007;
67:10703-10.

5. Dobay MP, Lemonnier F, Missiaglia E, Bastard C, Vallois D, Jais
JP, et al. Integrative clinicopathological and molecular analyses of
angioimmunoblastic T-cell lymphoma and other nodal lymphomas
of follicular helper T-cell origin. Haematologica. 2017; 102:
el48-51.

6.  Heavican TB, Bouska A, Yu J, Lone W, Amador C, Gong Q, et al.
Genetic drivers of oncogenic pathways in molecular subgroups of
peripheral T-cell lymphoma. Blood. 2019; 133: 1664-76.

7.  Chiba S, Sakata-Yanagimoto M. Advances in understanding of
angioimmunoblastic T-cell lymphoma. Leukemia. 2020; 34:
2592-606.

8.  Cairns RA, Igbal J, Lemonnier F, Kucuk C, de Leval L, Jais JP,
et al. IDH2 mutations are frequent in angioimmunoblastic T-cell
lymphoma. Blood. 2012; 119: 1901-3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Amador and Chan. Nodal peripheral T-cell lymphomas

Wang C, McKeithan TW, Gong Q, Zhang W, Bouska A, Rosenwald
A, et al. IDH2R172 mutations define a unique subgroup of patients
with angioimmunoblastic T-cell lymphoma. Blood. 2015; 126:
1741-52.

Busque L, Patel JP, Figueroa ME, Vasanthakumar A, Provost S,
Hamilou Z, et al. Recurrent somatic TET2 mutations in normal
elderly individuals with clonal hematopoiesis. Nat Genet. 2012; 44:
1179-81.

Tiacci E, Venanzi A, Ascani S, Marra A, Cardinali V, Martino G,

et al. High-risk clonal hematopoiesis as the origin of AITL and
NPMI-mutated AML. N Engl ] Med. 2018; 379: 981-4.

Leventaki V, Bhattacharyya S, Lim MS. Pathology and genetics of
anaplastic large cell lymphoma. Semin Diagn Pathol. 2020; 37: 57-71.
Wu R, Lim MS. Updates in pathobiological aspects of anaplastic
large cell lymphoma. Front Oncol. 2023; 13: 1241532.

Parrilla Castellar ER, Jaffe ES, Said JW, Swerdlow SH, Ketterling RP,
Knudson RA, et al. ALK-negative anaplastic large cell lymphoma is
a genetically heterogeneous disease with widely disparate clinical
outcomes. Blood. 2014; 124: 1473-80.

Ng SB, Chung TH, Kato S, Nakamura S, Takahashi E, Ko YH, et al.
Epstein-Barr virus-associated primary nodal T/NK-cell lymphoma
shows a distinct molecular signature and copy number changes.
Haematologica. 2018; 103: 278-87.

Kato S, Yamashita D, Nakamura S. Nodal EBV+ cytotoxic

T-cell lymphoma: a literature review based on the 2017 WHO
classification. ] Clin Exp Hematop. 2020; 60: 30-6.

Igbal J, Wright G, Wang C, Rosenwald A, Gascoyne RD,
Weisenburger DD, et al. Gene expression signatures delineate
biological and prognostic subgroups in peripheral T-cell
lymphoma. Blood. 2014; 123: 2915-23.

Amador C, Greiner TC, Heavican TB, Smith LM, Galvis KT, Lone W,

et al. Reproducing the molecular subclassification of peripheral T-cell
lymphoma-NOS by immunohistochemistry. Blood. 2019; 134: 2159-70.
Herek TA, Bouska A, Lone W, Sharma S, Amador C, Heavican

TB, et al. DNMT3A mutations define a unique biological and
prognostic subgroup associated with cytotoxic T cells in PTCL-
NOS. Blood. 2022; 140: 1278-90.

Amador C, Bouska A, Wright G, Weisenburger DD, Feldman AL,
Greiner TC, et al. Gene expression signatures for the accurate
diagnosis of peripheral T-cell lymphoma entities in the routine
clinical practice. ] Clin Oncol. 2022; 40: 4261-75.

Nicolae A, Bouilly J, Lara D, Fataccioli V, Lemonnier F, Drieux E et al.
Nodal cytotoxic peripheral T-cell lymphoma occurs frequently in
the clinical setting of immunodysregulation and is associated with
recurrent epigenetic alterations. Mod Pathol. 2022; 35: 1126-36.

Cite this article as: Amador C, Chan WC. Nodal peripheral T-cell lymphomas in
the new classification systems. Cancer Biol Med. 2023; 20: 922-926. doi: 10.20892/
j.issn.2095-3941.2023.0490



