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Review Article

Molecular understanding of peripheral T-cell lymphomas,
not otherwise specified (PTCL, NOS): A complex disease
category

Mamiko Sakata-Yanagimoto,"*” Kota Fukumoto,>” Kennosuke Karube,” Shigeru Chiba'*?

Peripheral T-cell lymphoma, not otherwise specified (PTCL, NOS) includes various diseases. Attempts have been made to
identify distinct properties of disease within the PTCL, NOS classification and evaluate their significance to prognosis.
Comprehensive gene expression analysis and evaluation of genomic abnormalities have successfully identified specific diseases
from heterogeneous PTCL, NOS cases. For example, cases with properties of T follicular helper cells have been identified and
classified as an entity resembling angioimmunoblastic T-cell lymphoma (AITL), based on both immunohistochemistry and

genomic features.
classification.

Keywords: PTCL, nos, T follicular helper, AITL

INTRODUCTION

Peripheral T-cell lymphoma, not otherwise specified
(PTCL, NOS) falls into the category of mature T/NK-cell
neoplasms and accounts for 25.9% of total T/NK-cell neo-
plasms, according to the international peripheral T-cell lym-
phoma project (I-PTCL) published in 2008." Based on the
original definition, PTCL, NOS is a mixed category:? Patients
are classified as PTCL, NOS when tumor tissues are infil-
trated by atypical cells with properties of mature T cells but
cannot be classified as any other mature T/NK-cell neoplasm.
Recent analysis of gene expression profiles (GEPs) and
genetic abnormalities in PTCL, NOS samples have identified
novel diseases that fall into the PTCL, NOS category in
PTCL, NOS. Better understanding of molecular pathways
perturbed in mature T/NK-cell neoplasms, including PTCL,
NOS, is now allowing us to distinguish among them more
clearly in clinical settings. Below, we will review molecular
understanding from the perspective of gene expression analy-
sis and genomic abnormalities in PTCL, NOS.

Here, we focus on the molecular pathology of PTCL, NOS and discuss recent changes relevant to its

BOUNDARIES BETWEEN PTCL, NOS AND
OTHER MATURE T/NK-CELL NEOPLASMS

To clarify comparisons between morphological diagnosis
and molecular classification, Igbal ef al. analyzed a series of
GEPs as a study of the Lymphoma Leukemia Molecular
Profiling Project (LLMPP) and I-PTCL.> That analysis
included 372 cases of mature T/NK-cell neoplasms of vari-
ous subtypes, some previously characterized.*® For anaplas-
tic large cell lymphoma (ALCL), ALK-positive, which is
marked by an ALK fusion gene,’ there was substantial agree-
ment between pathological diagnosis and molecular classifi-
cation, likely because ALK positivity clearly distinguishes
this disease from others, and ALK tyrosine kinase induces an
easily recognizable molecular signature.!® By contrast, there
was not sufficient concordance between pathological and
molecular classifications of PTCL, NOS and AITL: 21 of 150
(14%) cases morphologically diagnosed with PTCL, NOS
were reclassified as AITL based on molecular classification,
while 26/117 (22%) morphologically diagnosed as AITL
were judged to be PTCL, NOS based on molecular classifica-
tion.> This discrepancy may be due in part to the fact that
differences between AITL and PTCL, NOS were ambiguous
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in 2014, when this work was published.> It remains unclear
whether concordance between morphological diagnosis and
molecular classification will improve once the concept of
nodal peripheral T-cell lymphomas with T follicular helper
phenotype (nPTCL-Tth) noted below (section 111, “PTCL,
NOS subclassification by “cell of origin” of tumor cells”) is
established.? Similarly, 17/150 (11%) cases of morphologi-
cal PTCL, NOS cases exhibited molecular features of ALCL,
ALK-negative, although all the cases morphologically diag-
nosed as ALCL were moleuclaly diagnosed as ALCL, ALK
negative,’ suggesting that the boundary between PTCL, NOS
and ALCL, ALK-negative, is ambiguous.

In a related study, Piccaluga et al. established molecular
classifiers using GEPs from 244 PTCL cases with accuracy
of 98% for AITL and 98% for ALC, ALK negative.!! An
analysis of additional 132 previously published PTCL cases*®'?
as a validation set showed the similar tendencies with accu-
racy of 77% for AITL and 93% for ALCL, ALK-negative."!

Proteins having cytotoxic functions such as TIA-1, gran-
zyme B, and perforin are expressed in 41%" or 19.5%' of
PTCL, NOS. Phenotypes seen in these cases overlapped
with some organ-specific PTCLs, including enteropathy-
associated T-cell lymphoma (EATL), hepatosplenic T-cell
lymphoma (HSTL), and panniculitis-like T-cell lymphoma
(SPTCL). Molecularly, SETD2 and STAT5B, the most fre-
quently (~30%) mutated genes in HSTL' and EATL,'® were
rarely mutated in PTCL, NOS.!""'® SPTCL is characterized
by germline HAV'CR2 mutations not identified in other hema-
topoietic neoplasms, including PTCL, NOS."*?° These find-
ings suggest that lymphomagenesis differs between PTCL,
NOS and organ-specific PTCLs. Adult T-cell leukemia/lym-
phoma (ATLL), another T-cell lymphoma, is a separate dis-
ease entity caused by Human T-cell leukemia virus type 1.
Despite this etiological difference, array-comparative
genomic hybridization (CGH) identified a subset of PTCL,
NOS that resembles ATLL.?! PTCL, NOS and ATLL also
share numerous mutations including in genes associated with
TCR-signaling. '8

PTCL, NOS SUBCLASSIFICATION BY “CELL
OF ORIGIN” OF TUMOR CELIS (Table 1)

Physiologically, T cells are classified into subtypes,
depending on their function in the immune response, the pro-
files of cytokines they produce, or their immunophenotypes.
PTCL is subdivided based on how well tumor cells corre-
spond to certain subtypes of T cells, their so-called “normal
counterparts”.? “Normal counterparts” are currently viewed
as a tumor cell’s “cell of origin”.>** However, “origin” may
not indicate the precise beginning of tumorigenesis, based on
analyses of mutation distribution in PTCL patients.?*?’
Those studies suggest that the first hit may occur in immature
hematopoietic stem cells residing in bone marrow,? although
tumor cells exhibit properties of mature T cells* (See section
IV, “Genomic abnormalities of PTCL, NOS”). This theory
of PTCL origin is analogous to the proposal that first hits,
such as IgH/BCL? translocation in follicular lymphoma® or
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IgH/CCNDI1 in mantle cell lymphoma,* occur in pre-B cells
in bone marrow, although these lymphoma cells resemble
mature B cells.

An example of classifying a disease based on equating
the “cell of origin” to a “normal counterpart” is that some
PTCL, NOS cases diagnosed according to the 2008 WHO
classification were shown to have characteristics of Tth cells
in tumor cells based on immunohistochemistry (IHC)3! but
were later shown to share genetic features with AITL.3*3°
These cases were subsequently defined as nPTCL-Tth in a
recently revised 2017 WHO classification and integrated into
the provisional category, “AITL and other nodal lymphomas
of Tth cell origin”.? Tumor cells in this category, which
includes AITL, nPTCL-Tth and follicular T-cell lymphoma
(FTCL), must express at least 2 (preferably 3) of the follow-
ing Tfh markers based on IHC: CD10, BCL6 transcription
repressor (BCL6), programmed cell death 1 (PDCD1/CD279/
PD-1), C-X-C motif chemokine ligand 13 (CXCL13), C-X-C
motif chemokine receptor 5 (CXCRS), inducible T cell
costimulatory (ICOS), and signaling lymphocytic activation
molecule-associated protein (SAP).?

Igbal et al. proposed to further classify PTCL, NOS
based on GEPs? as follows: PTCL, NOS with typel helper T
cell (Thl) characteristics expressing T-bet (TBX21) and its
targets as PTCL-TBX21 (49% of PTCL, NOS); PTCL, NOS
with Th2 characteristics and expressing GATA binding pro-
tein 3 (GATA3) and its targets as PTCL-GATA3 (33%); and
PTCL, NOS with neither features as “unclassifiable” (18%).
Patients in the PTCL-GATA3 subgroup exhibited poorer
prognosis than those in the PTCL-TBX21 subgroup.®* Wang
et al. independently reported that GATA3 expression distin-
guished a PTCL, NOS subgroup with distinct molecular sig-
natures, Th2 characteristics and poor prognosis.’* An
aggressive clinical course in the PTCL-GATA3 subgroup is
presumably due to higher activity of oncogenic pathways and
more complex genomic abnormalities in that group relative
to PTCL-TBX21"7 (See section IV, “Genomic abnormalities
of PTCL, NOS”).

TBX21, GATA3, and BCL6 encode transcription factors
near the top of the hierarchy regulating cell-fate decisions
towards Th1, Th2,’” and Tfth®® cells, respectively. These fac-
tors activate transcriptional programs necessary for cell dif-
ferentiation and expression of cytokines, chemokines, and
their receptors—among them, interferon gamma (IFNy),
interleukin 2 receptor beta (IL2Rp), c-¢c motif ligand 3
(CCL3), and CXCR3 for Thl cells; IL4, IL13 and CCR4 for
Th2 cells; and IL21, CXCL13, and CXCRS5 for Tth cells.
Based on their physiological function, these transcription fac-
tors may directly activate oncogenic signaling in PTCL with
skewed differentiation towards respective subtypes of helper
T cells.

Amador et al. asked if “cell of origin” classifications, ini-
tially proposed by GEPs, could be reproduced by IHC in par-
affin sections using antibodies for GATA3 and TBX21, and
their target proteins CCR4 and CXCR3.* Percent positivity
of tumor cells by immunochemistry and log2 values of tran-
script levels of GATA3 and CCR4, markers of PTCL-GATA3,
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were highly correlated in a linear manner, while those of
TBX21 and CXCR3 exhibited a curvilinear relationship. As
a result, an IHC algorithm was established to diagnose
PTCL-GATA3 versus PTCL-TBX21 among PTCL, NOS
samples, enabling use of molecular classification in a clinical
setting.*

MICROENVIRONMENT OF PTCL, NOS

PTCL, NOS tumor tissues are infiltrated with immune
cells and are heterogeneous in their immune cell profiles
(ICPs). Sugio et al. estimated ICPs from GEP data of 120
genes using digital count gene expression analysis of 68
PTCL, NOS cases and assessed their relationship to progno-
sis.** Intriguingly, PTCL, NOS were classified as exhibiting
characteristics of (i) B cells (B-only subgroup), (ii) dendritic
cells (DC-only subgroup), (iii) both of these (BD subgroup),
or (iv) none of these (non-BD subgroup). The non-BD sub-
group had particularly poor prognosis, and macrophages
expressing high levels of immune checkpoint molecules
(such as programmed death ligand 1/2 and indoleamine 2,
3-dioxygenase 1) were enriched in half of the non-BD sub-
group. In contrast, patients in the BD subgroup had a more
favorable prognosis.

Considering that, like their normal counterparts, tumor
cells can produce cytokines and chemokines that promote
migration and infiltration of immune cells expressing the cor-
responding receptors, the relationship between “cell of ori-
gin” classification and ICP is an intriguing topic of investiga-
tion. Amador ef al. reported that most PTCL-TBX21
specimens exhibit a polymorphous appearance and harbor
various types of inflammatory cells, while a more uniform
expansion of tumor cells is seen in most PTCL-GATA3
cases.”* Wang et al. has observed infiltration of alternatively
polarized macrophages expressing CD163 and phospho-
STAT3 (pSTAT3) induced by Th2-associated cytokines and
IL-10 in a subset of PTCL.*® Although GATA3 functions in
induction of these cytokines, GATA3 expression was not sta-
tistically correlated with pSTAT3*/CD163* macrophages in
PTCL.* ICPs in nPTCL-Tth also remain to be elucidated: it
is particularly critical to define the border between nPTCL-
Tth and AITL, the latter marked not only by prominent infil-
tration of inflammatory cells with a blood lineage but also by
high endothelial venules and follicular dendritic cells.?

GENOMIC ABNORMALITIES IN PTCL, NOS

Since the human genome was sequenced in 2001, great
progress has been made in analyzing the cancer genome.
Accordingly, there are several reports of genomic abnormali-
ties in mature T/NK-cell neoplasms, including PTCL, NOS,
although many of the latter were first analyzed alongside
AITL studies. Mutations found in mature T/NK-cell neo-
plasms include: (i) those widely seen in various cancers
(TP53 and CDKN2A mutations/deletions), (ii) those widely
seen in hematologic cancers (TET2, DNMT3A, and IDH?2
mutations), (iii) those found in many subtypes of mature T/
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NK-cell neoplasms (VAV1, PLCG1, and STAT3 mutations),
and (iv) those specific to various subtypes of mature T/
NK-cell neoplasms (such as the p.Gly17Val RHOA mutation
in AITL, nPTCL and FTCL, and ALK translocations in
ALCL, ALK-positive).

It is difficult to understand genomic abnormalities in
PTCL, NOS, because historically most studies included
nPTCL-Th in PTCL, NOS, although the 2017 WHO classifi-
cation proposed moving nPTCL-Tth from the category of
PTCL, NOS to “AITL and other nodal lymphomas of Tth
cell origin”. Some investigations have described mutation
frequencies in PTCL, NOS with regards to the Tth pheno-
type, while the definitions varies among studies.'®32-33
Lemonnier et al.’* designated “TFH-like” PTCL, NOS as fol-
lows: “...within PTCL, NOS, a group without typical mor-
phology of AITL but expressing Th follicular (TFH) cell
markers (ie, PD-1, BCL6, and/or CXCL13) and/or having
some other features reminiscent of AITL (ie, the presence of
2 of the following criteria: CD20-positive large B cells, EBV-
encoded small RNAs (EBER)-positive cells, CD21 and/or
CD23 follicular dendritic cell expansion, or CD10 expres-
sion)”. A paper by Vallois et al.’* followed also this criteria.
However, a study by Sakata-Yanagimoto et a/.** defined
TFH-like PTCL, NOS as follows: “...within PTCL, NOS
cases, a subgroup without the typical morphology of AITL
but having two or more of the following immunostaining fea-
tures (i) positive staining for CD10 in tumor cells, (ii) posi-
tive staining for PD-1 in tumor cells, (iii) proliferation of
CD21-positive follicular dendritic cells and (iv) the presence
of EBER-positive B cells”. Dobay et al. referred to the 2016
WHO classification criteria*' to diagnose TFH-like PTCL,
but among seven TFH markers, five of them, including
ICOS, PD-1, CXCL13, BCL6 and CD10, were examined.
Watatani et al.'® examined four TFH markers, including
PD-1, CD10, CXCL13, and BCL6, and diagnosed PTCL,
NOS cases as “TFH PTCL, NOS” if they expressed at least
two TFH markers. Although the definition of “Tth pheno-
type” in all of these papers differs from the current definition
of nPTCL-Tth,? we refer to these PTCL, NOS with TFH fea-
tures with various definitions as nPTCL-Tth in this review.

1. Genomic abnormalities and “cell of origin” classification
in PTCL, NOS

nPTCL-Tth is predicted to exhibit genomic abnormalities
similar to AITL based on studies of PTCL harboring Tth fea-
tures, > although the definition of the diseases in these stud-
ies was not completely concordant with the current definition
of nPTCL-Tfth. Hallmarks of nPTCL-Tth include recurrent
mutations in genes encoding epigenetic regulators (7E72 and
DNMT3A4), in p.Gly17Val RHOA, and in genes functioning in
TCR signaling (CD28, PLCG1, and VAV1). Heavican et al.
performed copy number analysis (CNA) in 69 cases of
PTCL, NOS after exclusion of nPTCL-Tth together with tar-
geted sequencing of 334 genes in 31 cases and found that the
PTCL-GATA3 subgroup exhibited more complex genomic
abnormalities than did PTCL-TBX21: Frequent genomic
amplifications of loci encoding the protooncogenes MYC and



STAT3 and loss of or mutations in the tumor suppressors
CDKN2A/B-TP53 are genomic features of PTCL-GATA3 ,
accompanying y higher levels of MYC transcripts and enrich-
ment of MYC-target genes.!” Manso et al. also reported
MY C expression to be positively correlated with GATA3
expression in PTCL, NOS, based on IHC.*

2. Impact of genomic abnormalities on prognosis of
patients with PTCL, NOS

Heavican et al. also reported that CDKN2A deletion is
associated with poor prognosis in both PTCL, NOS and
PTCL-GATA3 subgroups.!” Watatani et al. performed tar-
geted sequencing in 140 genes in 142 PTCL, NOS cases and
identified a distinct subgroup after excluding nPTCL-Tfh
associated with poor prognosis.'® Those included: TP53/
CDKN2A mutations and deletions, accompanied by chromo-
somal instability as well as mutations associated with
immune escape (such as HLA-A and HLA-B, CIITA, CD274
and CD58) and transcription (IKZF2)."

3. Recurrently mutant genes in PTCL, NOS

Mutations in genes encoding epigenetic regulators

Mutations in genes encoding DNA modifying enzymes
such as TET2 and DNMT3A occur in numerous blood can-
cers. These mutations were initially identified in myeloid
malignancies*** and subsequently found in lymphoid malig-
nancies including PTCL, NOS.?* Notably, these mutations
are believed to sometimes occur as a first hit in tumorigenesis
in hematopoietic stem/progenitor cells that undergo differen-
tiation into various blood cell subtypes.?® They are seen in
various lineages of blood cells as wells as tumor cells in
PTCL patients,?*?” and recur in elderly individuals with
clonal hematopoiesis.*#¢ TET2 mutations are as frequent as
58%°%2-98%'® in nPTCL-Tth but are less frequent but occur in
24% of PTCL, NOS without Tth features.’> Watatani et al.
reported that 21% of PTCL, NOS with TP53/CDKN2A4 alter-
ations also harbored TET2 mutations, while TET2 mutations
were seen in only 2% of other PTCL, NOS cases.'®

The p.Gly17Val RHOA mutation

Recurrent hotspot RHOA mutations that convert Glycine
to Valine at amino acid 17 occur in up to 70% of AITL*+
and are broadly found in “AITL and other nodal lymphomas
of Tth cell origin,” including both nPTCL-Tfh!®3-* and
FTCL.** These mutations do not occur in PTCL, NOS
excluding nPTCL-Tfh. Fujisawa et al. found that
p.Gly17Val RHOA mutant protein binds to VAV and facili-
tates its phosphorylation by Src family kinases, hyperactivat-
ing TCR signaling.* Zang et al., however, have reported
that expression of p.GlyVal RHOA mutant increases phos-
phorylation of FoxO1,% promoting its translocation from the
nucleus to the cytoplasm and subsequent inactivation by pro-
teasomal degradation.

Mutations in genes functioning in TCR signaling

TCR signaling increases proliferation and survival of
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normal T cells. Intriguingly, PTCL tumor cells utilize TCR
signaling pathways that promote survival and proliferation of
normal T cells. Activating mutations in genes encoding
TCR signaling molecules are recurrent in various PTCLs,
including PTCL, NOS, although mutation frequency varies
among disease subtypes. Due to the limited mutational data
relevant to TCR signaling in PTCL, NOS, the mutational
sites and consequences of mutations referring to findings in
other PTCLs are included.

CD28 mutations

CD28 is a costimulatory molecule for TCR activation.
CD28 mutations occur in 0%3**-10%'® of nPTCL-Tfh and
19% of PTCL, NOS with TP53/CDKN2A alterations, but are
rare in other forms of PTCL, NOS."® (CD28 mutations recur-
rently occur at p.Asp124 and p.Thr195.3*5" The p.Asp124
mutant exhibits higher affinity for the ligands CD80 and
CD86,%! while the p.Thr195 mutant facilitates interaction
with intracellular adaptor proteins, such as GADS/GRAP2
and GRB2.3"52

VAV1 mutations and translocations

Vav guanine nucleotide exchange factor 1(VAV1) encodes
a guanine exchange factor (GEF) that facilitates GDP/GTP
exchange and exhibits SH2 and SH3 domains at the C termi-
nus.>® Upon TCR stimulation, VAV is phosphorylated by
the Src family kinases LCK and FYN at Tyrs 142, 160, and
174 in the acidic (Ac) domain. Phosphorylated VAV1 then
mediates TCR signaling in a GEF-dependent manner by acti-
vating small GTPases such as Racl and also in a GEF-
independent manner by forming an active complex with SH2
domain-containing leukocyte protein of 76kDa (SLP76) and
phospholipase C, gamma 1 (PLCG1).* VAVI mutations
occur across various PTCL subtypes. Among them, 12%"8-
0%3 in nPTCL-Tth; 5% in PTCL, NOS with TP53/CDKN24
alterations;'8 and none in other PTCL, NOS subtypes.'® Also
observed are missense mutations at several hotspots in the Ac
(Glul75), pleckstrin homology (PH, Lys404), zinc-finger
(ZF, Glu556) and SH3 (Arg798 and Arg822) domains, as
well as focal in-frame deletions in the Ac domain (A165-
174). Deletion (A778-786) of the C-terminal SH3 domain
by alternative splicing or by fusion with other partner genes
resulting from chromosomal translocations is also recurrently
seen.**35  Alterations in either the Ac or SH3-SH2-SH3
domains enhance TCR signaling by disrupting autoinhibitory
mechanisms.*** Potential changes in downstream signaling
due to either PH or ZF domain mutations have not yet been
described. The function of VA V1 mutations in in vivo lym-
phomagenesis is described below (See “VI. Mouse models of
PTCL, NOS”).

PLCG1 mutations

PLCGI mutations occur in several PTCL, NOS subtypes:
4%"8-35%"3* in nPTCL-Tth; 24% in PTCL, NOS with TP53/
CDKN2A alterations;'® and 5% in other forms of PTCL,
NOS."® PLCGI mutations accumulate in several functional
motifs, including the PI-PLC, SH2, SH3, and C2 domains.
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PLCG1 mutants reportedly hyperactivate TCR signaling in
vitro,** while their consequences in vivo remain unclear.

ITK-SYK translocation

A translocation t(5;9)(q33; q22) was recurrently found in
PTCL.>® At the breakpoint N-terminal PH and TH domains
of ITK fuse to the kinase domain of SYK.’® Notbaly, ITK-
SYK was found in 3/5 (60%)36-4/22 (18%)” of FTCL cases.
ITK-FER fusion was also found in a case of PTCL.>® The
ITK-SYK fusion gene induces antigen-independent phosphor-
ylation of TCR-related molecules, leading to hyperactivation
of TCR signaling.’® The in vivo function of ITK-SYK is
described below (See “VI. Mouse models of PTCL, NOS”).

Mutations in genes related to immune escape

As noted, recurrent mutations in genes related to immune
escape, including HLA-A, HLA-B, CIITA, CD274, and CD58
genes are observed in PTCL, NOS, especially in the sub-
group with TP53/CDKN2A4 mutations.'® It is presumed that
among tumor cells exhibiting genomic instability, clones that
acquire mechanisms allowing immune escape to survive.

MOUSE MODELS OF PTCL, NOS

Mouse models that recapitulate genomic abnormalities
observed in human cancers are essential for understanding
pathological mechanisms and testing new treatment strategies
in vivo. As noted, activating V4V mutations are seen in
various PTCL subtypes, occasionally together with 7P53
genomic alterations in the PTCL-GATA3 subgroup.'’
Fukumoto et al. created transgenic mice expressing two
VAV1 mutants: an in-frame deletion mutant in the Ac domain
and a fusion gene with STAP2, both cloned from human
PTCL under the human CD2 promoter (VAV 1-tg mice)*’
(Figure 1A). Although no tumors were seen in VAV1-tg
mice for up to a year, mature T-cell lymphomas mimicking
human PTCL-GATA3 were observed when VAV 1-Tg mice
were crossed with 7rp53 knockout mice. Lymphoma cells
expressing mutant VAV1 gene on a Trp53-null background
exhibited Th2 characteristics, including high expression of
Gata3 and Ccr4 proteins® (Figure 1B). Notably, these phe-
notypes differed completely from our previous report that
enrichment of a TFH signature was evident in lymphoma
cells from AITL model mice expressing G17V RHOA on a
Tet2-null background® (Figure 1B), although VAV1 activation
was also observed in these lymphoma cells.®® Presumably,
coexisting mutations (7et2-null vs Trp53-null) account for
phenotypic differences between these mice.> Enrichment
of multiple Myc-related pathways based on GEP analysis
together with determination of focal somatic copy number
alterations (SCNAs) involving the Myc locus were also recur-
rently observed®® (Figure 1C), as seen in human PTCL-
GATA3." Inhibition of Myc signaling by a bromodomain
inhibitor prolonged survival of nude mice transplanted with
tumors simultaneously harboring V4 V1 mutation and P53
deletion® (Figure 1D).

As mentioned above, /TK-SYK fusion gene is recurrently
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observed in PTCL, especially in FTCL.%7 Conditional
expression of /TK-SYK fusion gene in the T-cell lineage leads
to aggressive PTCL-like diseases in mice.® Tumor cells of
individual mice were either CD4-positive, CD8-positive, or a
mix of CD4-positive and CD8-positive. Transplantation of
S-fluorouracil-pretreated bone marrow cells with retroviral
transduction of /TK-SYK cDNA also induced a T-cell lym-
phoproliferative disease in the recipient mice, accompanying
systemic inflammation.! A SYK kinase inhibitor alleviated
the disease progression in mice.*'

TRANSLATION OF MOLECULAR ANALYSIS
TO THE BED-SIDE MANAGEMENT OF PTCL,
NOS

Translational researchers are actively assessing GEP and
genomic abnormalities in cancer in order to apply them to
clinical practice. “Precision medicine”, also known as “opti-
mized” or “personalized” medicine, is a widely used term
that refers to creating diagnostic or prognostic algorism and
treatment regimes based on the nature of a patient’s tumor.

A “precision medicine approach” to utilize GEP
information relevant to PTCL, NOS

Attempts to stratify heterogeneous populations of blood
cancers using GEPs began with analysis of diffuse large
B-cell lymphoma (DLBCL) and employed the largest cohort
of malignant lymphomas. In 2000, Alizadeh et al. reported
molecular classifications of the DLBCL subtypes of activated
B-cell (ABC)-type, germinal center B-cell (GCB)-type and
unclassifiable,® based on GEPs using DNA microarrays.
That analysis was reproduced by IHC® and digital gene
expression analysis.®® Patients with ABC-type DLBCL
reportedly had a worse prognosis than those with GCB type.
Therefore, DLBCL classification in this manner is essential,
especially when setting up clinical trials. According to simi-
larity of biological nature of tumors, clinical trials involving
both nPTCL-Tfh and AITL are under way. It may also be
appropriate to treat PTCL-GATA3 and PTCL-TBX21 sub-
groups separately in clinical trials due to their different prog-
nosis. Mogamulizumab, an antibody drug targeting CCR4,
has been used to treat PTCL after diagnosis of CCR4 positiv-
ity. Its effectiveness is expected particularly in the PTCL-
GATA3 subtype, considering that CCR4 expression is report-
edly correlated with GATA3 expression,* as noted above.

A “precision medicine approach” to utilize genomic
information relevant to PTCL, NOS

With improvement of next-generation sequencing tech-
nologies, sequencing costs have decreased significantly over
time based on a pattern known as Moore’s Law, and now
sequence analysis is accessible in clinical settings. In the
midst of dramatic changes in cancer genome analysis, in
2015 US President Obama advocated a “Precision medicine
initiative” in his State of the Union address, claiming that the
US would invest a large portion of its national budget to
encourage precision approaches to cancer based on genomic
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Fig. 1. VAV 1-mutant expression in 7rp53-null background induces development of T-lymphoblastic lymphomas (LBL) and lym-
phomas mimicking human PTCL-GATA3 in mice (Cited from figures in (59)).
A. Overall survival of mice with each genotype. V-Del, a human VAV mutant (p.165_174del) expressing mice; V-Fus, a VAV 1-

STAP?2 fusion gene expressing mice; WT, wild-type mice.

B. Supervised clustering of gene expression profiles for tumors cells expressing VAV 1-mutant in 7rp53-null background, those
expressing RHOA-mutant in 7rp53-null background, and CD4" or CD8" T cells from wild-type mice. WT, wild type; TFH, T fol-

licular helper cell; TH2, helper T-cell, type2.

C. Amplifications of Myc locus in tumor cells expressing VAV 1-mutant in 77p353-null background.
D. The effect of JQ1, a bromodomain inhibitor treatment in nude mice transplanted with tumor cells expressing VAV I-mutant

expression in 7rp53-null background.

information. Remarkably, such precision medicine for
patients with solid tumors is under way: Oncogene panel test-
ing began in November 2017 in the US. And in Japan, two
Oncogene panel tests have been approved since December of
2018 and are covered by health insurance. However, rele-
vant to hematologic malignancies including PTCL,
Oncogene panel testing is currently not available (as of
October, 2020), although individual genome testing has been
widely used in clinical practice for a long time.

To date, PTCL, NOS is diagnosed by combining histo-
pathological findings such as tumor cell morphology and
immunohistochemistry with clinical features. However, it is
sometimes difficult to distinguish PTCL, NOS from other
lymphomas or even from reactive lymphadenopathy.
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Addition of oncogene panel testing to current methods would
enable more accurate “diagnosis” of PTCL, NOS among sub-
types and discriminate between benign and malignant
tumors.

As noted, retrospective studies show that prognosis of
PTCL patients is stratified based on genomic abnormali-
ties.!”!® These results must be confirmed by prospective
analysis but may provide guidance for treatment choices.
For patients in the poor prognosis group who do not benefit
from conventional treatments, several options including clini-
cal trials with novel drug combinations or consolidation ther-
apies with allogenic transplantation might be recommended.

Therapeutic approaches targeting mutant proteins or
downstream signaling factors are under active investigation.
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Loss-of-function TET2 mutations seen in hematologic can-
cers promote DNA hypermethylation. One retrospective
study reported that 9 (75%) of 12 AITL patients whose
tumors had 7ET?2 mutations responded to azacytidine, a DNA
methylation inhibitor.> Because TET2 mutations are also
seen in nPTCL-Tfh and other forms of PTCL, NOS, inhibi-
tion of DNA methylation is could be a promising approach in
these cases as well. The p.Gly17Val RHOA mutant also pro-
vides a potential target in nPTCL-Tfh and AITL. Enhanced
VAV1 phosphorylation by Src family kinases as a conse-
quence of p.Gly17Val RHOA mutation is blocked by dasat-
inib, a multikinase inhibitor,*’ and dasatinib prolongs survival
of AITL model mice.®® A phase 1 clinical trial showed that 4
of 5 relapsed/refractory AITL patients treated with dasatinib
achieved a partial response.®® The PI3K-Akt-mTOR path-
way is also downstream of the p.Glyl7Val RHOA
mutant.>*%%¢7 Ng et al.%” and Cortes et al.*® reported that
everolimus, an mTOR inhibitor, and duvelisib, a selective
small molecule PI3K &/y inhibitor, slowed tumor progression
in AITL model mice. Witzig et al. reported that everolimus
had antitumor activity against T-cell lymphomas in vivo,
though only one AITL patient was included in that study.®®
A phase II study of everolimus plus CHOP for newly diag-
nosed PTCL demonstrated that all 3 AITL patients achieved a
complete response (CR).® Horwitz et al. reported antitumor
activity of duvelisib against T-cell lymphomas in a phase 1
study.”®”"  Among 3 AITL patients in that study, CR and par-
tial response was achieved by each patient.”” Ghione et al.
reported that relapsed/refractory patients with PTCL who
showed either AITL or nPTCL-Tth phenotypes had higher
response rate to histone deacetylase inhibitors (HDACH),
including romidepsine and belinostat, than those without.”
Gene mutations were examined in some samples included in
this study. Intriguingly, patients responsive to HDACi more
frequently exhibited AITL-specific mutational profiles (muta-
tions in TET?2, and/or DNMT3A, and/or RHOA)?* than those
without, although the relationship between clinical efficacy
and mutational profiles must be confirmed in a larger
cohort.™

FUTURE PERSPECTIVES

Investigators continue to identify new PTCL, NOS sub-
groups with distinct diagnostic and prognostic features. If
prognosis under current therapeutic management can be
properly predicted, it could be useful to avoid conventional
strategies and proceed to enrollment into clinical trials.
Basic researchers are rigorously conducting analysis required
to target genomic abnormalities in PTCL, NOS. A “preci-
sion medicine approach” to PTCL, NOS will identify the cor-
rect treatment choice once a direct therapeutic target is iden-
tified, or if results of genome/GEP testing can stratify
patients for whom a treatment is either effective or ineffec-
tive. These efforts should lead to better management of
PTCL, NOS patients in the near future.
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