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Abstract
Peripheral T- cell lymphoma (PTCL) is a heterogeneous entity generally with a poor 
prognosis. Recent genomic analyses have characterized genomic alterations and 
described gene expression profiling and epigenetic mechanisms in PTCL, leading 
to reveal molecular pathophysiology in detail. One of several important findings is 
that heterogeneities exist in both the disease and in individuals. Among PTCL sub-
types, adult T- cell leukemia/lymphoma (ATLL) and peripheral T- cell lymphoma, not 
otherwise specified (PTCL- NOS) are common in Japan. ATLL is an incurable T- cell 
malignancy induced by human T- cell lymphotropic virus type 1 (HTLV- 1). The global 
genomics of ATLL can be summarized as alterations involving T- cell receptor (TCR) 
signaling and immune escape mechanisms. This highlights the fact that ATLL is a viral- 
mediated T- cell malignancy. Interestingly, several previous studies have found that 
the genomics of ATLL differ according to geographical region and age at diagnosis, 
suggesting disease heterogeneity, though they share HTLV- 1 infection as initial dis-
ease hit. Clonal expansion of the cells acquired by somatic mutations in ATLL- related 
genes is identified in a part of HTLV- 1 carriers who developed ATLL later. The risk 
for ATLL may be updated based on findings in detail. PTCL- NOS is a heterogeneous 
disease type of T- cell lymphoma that does not correspond to any other type of PTCL. 
Several studies have stratified PTCL- NOS according to transcriptional, genomic, mi-
croenvironmental, and clinical aspects. These kinds of analysis from multiple aspects 
are useful to understand the heterogeneous group. These efforts will help guide suit-
able translational research to target PTCL.
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1  | INTRODUC TION

Peripheral T- cell lymphoma (PTCL) is a heterogeneous disease en-
tity with currently 30 subtypes, including those characterized as 
provisional.1 To understand its pathophysiology, various methods 
such as gene expression, genome copy number analysis, and high- 
throughput sequencing have been adopted around the world. The 
genomic landscapes of extremely rare PTCL types of hepatosplenic 
T- cell lymphoma and enteropathy- associated T- cell lymphoma, both 
of which account for <5% of all PTCLs, have been characterized.2,3 
As such, virtually all genomic alterations in PTCL are currently 
known. In PTCL, as well as other malignancies, genomic alterations 
are summarized based on each disease entity, and analysis can re-
veal not only genomic alterations but also the heterogeneity of al-
terations in the disease.

Among PTCL subtypes, adult T- cell leukemia/lymphoma (ATLL) 
and PTCL, not otherwise specified (PTCL- NOS), are common in 
Japan.4,5 ATLL is a T- cell neoplasm caused by human T- cell lympho-
tropic virus type 1 (HTLV- 1) infection, whereas PTCL- NOS is a het-
erogeneous entity that does not correspond to any other type of 
PTCL. The present review summarizes the molecular pathophysiol-
ogy of both diseases and describes their heterogeneity based mainly 
on findings from our previous studies. We will also provide direc-
tions for deeper understanding of the pathophysiology.

2  | GENOMIC MUTATIONS OF ATLL:  
T-  CELL RECEPTOR ( TCR) SIGNALING AND 
IMMUNE ESC APE MECHANISMS

Because HTLV- 1 infection is common in several geographical re-
gions, such as Japan and the Caribbean islands, ATLL is also common 
in these areas. In fact, ATLL is the most common type of malignant 
lymphoma in the Kyushu region of Japan.4 Currently, approximately 
10 to 20 million individuals are estimated to be infected with HTLV- 1 
worldwide.6 Approximately 5% of HTLV- 1 carriers develop ATLL, 
suggesting that alterations that synergistically act with HTLV- 1 are 

involved in the pathogenesis and development of ATLL. Although 
the median age of ATLL onset is close to 70 years, the infection also 
occurs in infants, which suggests that ATLL develops due to the ac-
cumulation of genomic abnormalities in HTLV- 1– infected cells over 
a long period of time. Several comprehensive genomic analyses of 
ATLL have been performed to characterize these alterations.7- 12 
In particular, a study by Kataoka et al analyzed a large number of 
samples using high- throughput sequencing, which revealed the mo-
lecular landscape in detail. Genomic analysis of ATLL characterized 
hallmark alterations of genes involving TCR signaling/NF- κB signal-
ing pathways. Alterations involving these pathways were identified 
in 90% of all ATLL cases analyzed. In addition, genomic alterations re-
lated to immune escape mechanisms have been frequently identified 
in ATLL. Somatic alterations in PD- L1 (also known as CD274), HLA- B, 
and CD58 found in ATLL can cause escape from host immunity.9,10,13 
These comprehensive genomic analyses also identified a wide va-
riety of alterations that possibly drive the development of ATLL. In 
terms of ATLL development, synergy between these genomic altera-
tions and their order of acquisition may play important roles.

3  | VIR AL PRODUC TS OF HTLV- 1 REL ATED 
TO ATLL

From the perspective of HTLV- 1, Tax is regarded to be an oncopro-
tein of HTLV- 114,15 and is required for viral replication. Tax is highly 
immunogenic,16,17 and its expression has been shown to be reduced 
in clinical samples from ATLL patients.14 Interestingly, Kataoka 
et al found that frequent alterations in TCR/NF- κB signaling path-
ways in ATLL are recognized in genes of the Tax interactome,10 sug-
gesting that they can activate the TCR without Tax expression in 
ATLL. We recently reported important findings in this regard using 
pathological analyses.18 In this study, we performed clinicopatho-
logical investigation of ATLL using in situ RNA analysis of Tax. Our 
analysis found that ATLL cases with high Tax expression exhibited 
substantially reduced human leukocyte antigen (HLA) class I and 
the component of B2M on the cell surface compared with those 

F I G U R E  1   Differences between adult 
T- cell leukemia/lymphoma (ATLL) with 
Tax (left) and HBZ expression (right). Tax 
expression is highly immunogenic, and 
activated cytotoxic T cells (CTLs) target 
the cells. In high– Tax- expressing cases, 
ATLL cells lack human leukocyte antigen 
(HLA) class I and the component B2M on 
cell surfaces, resulting in the disruption 
of interaction with CTLs. More than 400 
Tax signals have been identified as poor 
prognostic factors in ATLL. In contrast to 
Tax, there were no substantial differences 
in MHC class I and CTL based on HBZ 
expression
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without Tax expression (Figure 1). In addition, Tax- expressing ATLL 
cases exhibited an increase in PD- 1– positive cytotoxic T cells (CTLs). 
Collectively, Tax- expressing cases reduced the escape of HLA class 
I from surrounding CTLs. Although we did not assess the mecha-
nisms related to the reduction of HLA class I, it has been reported 
that genomic mutations and epigenetic modifications can reduce the 
expression.10,13 An increase in PD- 1– positive CTL may be caused by 
chronic HTLV- 1 infection. Additionally, it is known that PD- 1 plays 
an inhibitory role during naive- to- effector CD8 T- cell transition and 
that the PD- 1 pathway can also be modulated at this stage of T- cell 
differentiation.19 The induced PD- 1 expression in surrounding cells 
may also be associated with immune escape of ATLL cells. In our 
study, Tax expression in those with >400 signals per 1000 ATLL cells 
was a poor prognostic factor. In addition to Tax, HBZ is also recog-
nized as an important oncovirus protein.14 Unlike Tax, however, HBZ 
is expressed in virtually all cases of ATLL,20 suggesting its impor-
tant role in the development of ATLL. In fact, HBZ transgenic mice 
frequently develop ATLL.21 Using an in vivo mouse model, we also 
showed that the synergistic effects of HBZ and the other genomic 
alterations identified in ATLL cases caused ATLL.22 Furthermore, a 
recent study identified the importance of HBZ in directly inducing 
a transcriptional factor, BATF3.23 ATLL cells depend on BATF3 and 
the related pathways are therapeutic target candidates. Although 
the importance of HBZ in this regard has been reported, our study 
revealed that some ATLL cases exhibited low HBZ expression with 
an advanced stage. In other words, cases with high HBZ expression 
were characterized by less skin involvement and tended to exhibit 
localized disease compared with those with low HBZ expression 
(Figure 1).18 In terms of HLA class I expression, there were no marked 
differences based on HBZ status. These points should be addressed 
in other cohorts in future studies.

4  | REGIONAL DIFFERENCES IN ATLL

HTLV- 1 is an endemic disease in some geographical regions, in-
cluding Japan, the Caribbean, South America, the Middle East, 
and Australia24; moreover, ATLL frequently develops in endemic 
areas. However, the incidence of ATLL decreased in endemic areas, 
whereas increased in nonendemic areas, though the total numbers 
of cases in the nonendemic areas are small.25 It has been established 
that there are regional differences in the clinical pathology of ATLL. 
For example, ATLL patients in the Caribbean and South America are 
younger than those in Japan.26 A study investigating genomic altera-
tions of ATLL in North America11 identified a distinct genomic land-
scape with frequent mutations related to the epigenome. Mutations 
in epigenetic or histone modifier genes were found in 57% of North 
American ATLL cases but only in 22% of Japanese cases. Alterations 
related to epigenetic genes have also been frequently found in sev-
eral hematological malignancies such as acute myeloid leukemia,27 
although no regional differences have been reported. DNA methyla-
tion is an epigenetic event that negatively controls gene expression. 
A recent study investigating ATLL in Japanese subjects identified the 

accumulation of aberrant DNA methylation, which was correlated 
with development and progression.28 Based on genomic findings 
from Japanese subjects with ATLL, it is believed that DNA hyper-
methylation status in ATLL cells is not related to genetic events.10 
Although the methylation pattern of ATLL in North American sub-
jects remains unclear, gene expression profiling distinguished North 
American and Japanese cases, suggesting that they have different 
properties. One particular feature related to this difference may 
be the presence of alterations related to epigenetic factors that 
could drive global changes in gene expression. From a clinical stand-
point, DNA methyltransferase inhibitors were active against North 
American ATLL cases harboring epigenetic alterations and Japanese 
ATLL.11,28 This clearly suggests that Japanese ATLL cases highly de-
pend on DNA hypermethylation status for the survival regardless of 
absence of genomic alterations that directly affect the methylation 
status. Identification of the causes of methylation in Japanese ATLL 
may also lead to elucidation of the therapeutic targets. Although 
frequency of mutations in epigenetic or histone modifier genes, 
especially EP300, were higher in North American ATLL (Figure 2A), 
several ATLL driver mutations including PRKCB and CCR4, which 
were frequently found in Japanese ATLL, have not been addressed 
in North American ATLL cases. Comparison of the frequencies of the 

F I G U R E  2   Frequency of genomic alterations in adult T- cell 
leukemia/lymphoma (ATLL). A, Frequency of somatic mutations 
across the cohorts. Genes that were recurrently mutated in a 
previous report (Kataoka et al, Nat Genet 2015) were summarized. 
*PRKCB, CCR4, VAV1, IRF4, CCR7, HLA- B, and HNRNPA2B1 were not 
evaluated in a North American ATLL cohort. **IRF2BP2 was not 
evaluated in young Japanese and North American ATLL cohorts. 
B, Frequency of co- occurrence of CTLA4- CD28 and ICOS- CD28 
fusions in peripheral T- cell lymphoma (PTCL) including ATLL
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driver mutations between these areas will further provide insights 
into molecular aspects of ATLL. In addition, genomic alterations of 
ATLL in other geographical regions remain unclear, and delineation 
will help us better understand the pathophysiology of ATLL.

5  | GENOMIC L ANDSC APE OF ATLL IN 
YOUNGER INDIVIDUAL S

As described above, ATLL frequently develops in the elderly, al-
though it has been reported that the age at onset is gradually in-
creasing.5,29 HTLV- 1 is mainly transmitted from mother to child 
through breastfeeding.30- 32 It is, therefore, believed that ATLL de-
velops due to the accumulation of genetic abnormalities over a long 
period of time after HTLV- 1 infection. In other cancers, younger age 
is associated with particular genetic alterations, which are consid-
ered to be “driver” genes.33- 38 We speculated that ATLL in younger 
patients would exhibit distinct genetic alterations and, accordingly, 
performed genomic analysis. We identified eight patients with ATLL 
who were <50 years of age at the time of diagnosis and defined them 
as young ATLL. First, we evaluated the prognosis of these young pa-
tients, and the overall survival was 14.5 months (95% confidence in-
terval, 5.8 –  not reached) from diagnosis. Genomic mutations were 
analyzed using a targeted sequencing approach. CCR4 and CARD11 
were frequently mutated in young ATLL cases, although no genetic 
mutation(s) characteristic of these younger cases was observed 
(Figure 2A). This point may be due to the limited number of ana-
lyzed cases, and further studies using larger samples would charac-
terize genomic mutations in young ATLL cases. PLCG1 is the most 
frequently mutated gene in all ATLL cases; however, the mutation 
has not been observed in younger patients. In addition, there were 
no young ATLL cases with a STAT3 mutation, which was also found 
in all ATLL cases. In terms of fusion genes, 38% (three of eight) of 
young patients had both CTLA4- CD28 and ICOS- CD28, and the 
frequency was higher in this cohort than in all ATLL cases, suggest-
ing that these fusion genes are characteristic of young ATLL cases 
(Figure 2B). This is in contrast with previous studies in which cases 
with both fusions were identified in 1% of ATLL (1 of 105) and 0.7% 
of PTCL (2 of 273).10,39 We suggest that CD28 fusions were associ-
ated with the onset of ATLL at a young age; this was also observed 
in 144 Japanese ATLL cases from a different cohort by another 
group.40 This finding suggests that CD28 fusions play a role in ATLL 
as driver alterations. Another study identified a super- enhancer re-
gion at CD28,41 and other alterations of CD28 have been identified 
in ATLL.10 As such, the CD28 pathway is considered to be important 
in the pathophysiology of ATLL. We performed a functional analysis 
to understand CTLA4- CD28 and found that this fusion gene acts in 
a ligand- dependent manner (Figure 3) and confirms the importance 
of the CD28 domain in CTLA4- CD28. CTLA4 inhibits TCR signaling, 
whereas CD28 and ICOS activate TCR signaling through interactions 
with antigen- presenting cells.42 Although both CTLA4 and CD28 
share the CD80 and CD86 ligands, their affinity to ligands is higher 
for CTLA4 than for CD28 (Figure 3).43 In ATLL, we found that ligands 

for CD80 and CD86 were expressed on tumor cells and nontumor 
cells, respectively.12 Collectively, CTLA4- CD28 can be activated by 
cell- nonautonomous interactions. Because CTLA4 is expressed on 
the cell surface as a homodimer,44 further studies aiming to identify 
the binding partner of CTLA4- CD28 may help better understand the 
fusion gene. Our in vitro study found that the nonautonomous inter-
actions between CTLA4- CD28 and the ligands were targetable with 
anti- CTLA4 antibody. Indeed, a previous case report of a patient 
with PTCL and CTLA4- CD28 fusion showed a deep but transient re-
sponse to the anti- CTLA4 antibody.45 To characterize the response 
in detail, further studies assessing whether the response is resulted 
from blocking the interaction or activation of immune response 
would be needed. We also confirmed that CD28 signaling driven 
by CTLA4- CD28 caused PI3K activation. From the perspective of 
therapeutic options, PI3K inhibitors may be active against ATLL with 
CTLA4- CD28,46,47 although suitable clinical trials including in vivo 
models will be required in the future.

6  | HETEROGENEIT Y OF HTLV- 1 C ARRIERS

Most HTLV- 1 carriers do not develop any related diseases, although 
approximately 5% develop ATLL, and 0.3% of carriers are assumed 
to be affected by HTLV- 1– associated myelopathy (Figure 4). Only 
a small proportion of carriers develop these diseases, and several 
studies have identified the risk factors that cause ATLL, including 
high proviral load, advanced age, family history of ATLL, first oppor-
tunity for HTLV- 1 screening during treatment for other diseases, and 
types of HLA alleles.48,49 Individuals infected in adulthood rarely, if 
ever, develop ATLL,26 suggesting that age at the time of HTLV- 1 in-
fection is extremely important. ATLL is characterized by the mono-
clonal proliferation of tumor cells with CD4 and CD25. Therefore, it 
was speculated that ATLL developed following a progression from 

F I G U R E  3   Schematic model of CD28, CTLA4, and CTLA4- 
CD28. CD28 and CTLA4 interact with the shared ligands CD80 and 
CD86. Upon binding to the ligand, CD28 activates T- cell receptor 
(TCR) signaling, whereas CTLA4 inhibits signaling. Because 
ligand affinity is greater in CTLA4 than CD28, normal T cells are 
controlled to prevent overactivation by CTLA4. In CTLA4- CD28, 
the affinity of this fusion is suspected to be identical to that of 
CTLA4, and the fusion gene activates downstream
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oligoclonal expansion of HTLV- 1– infected cells. However, high- 
throughput sequencing of HTLV- 1 integration sites of genomic DNA 
revealed that there are many HTLV- 1– infected T- cell clones underly-
ing the largest, putatively malignant clone in ATLL, and that one or 
more HTLV- 1– infected clones are abundant in some ATLL cases.50 
The analyses also found that the malignant clone can suddenly de-
velop from a clone with low abundance before diagnosis. 51 A recent 
genomic analysis of HTLV- 1 carriers who developed ATLL later iden-
tified somatic mutations in peripheral blood samples before ATLL 
diagnosis.52 The identified mutations were those found in ATLL 
including CCR4, NOTCH1, PLCG1, and PRKCB, and such mutations 
were not identified in individuals who did not develop ATLL. Thus, a 
“pre- ATLL” status may exist before diagnosis of ATLL (Figure 4). The 
status is considered to be equivalent to monoclonal gammopathy of 
undetermined significance for myeloma, monoclonal B- cell lympho-
cytosis for chronic lymphocytic leukemia, and clonal hematopoie-
sis of indeterminate potential for hematological malignancies.53- 56 
Detection of these mutations may lead to the early identification of 
and intervention in ATLL in the future. In addition, the frequency of 
pre- ATLL status among HTLV- 1 carriers and the risk for ATLL devel-
opment are important in understanding the development of ATLL in 
HTLV- 1 carriers.

7  | HETEROGENEIT Y OF ATLL SUBT YPES

Based on laboratory and imaging findings, ATLL has been classified into 
four subtypes: acute, lymphoma, chronic, and smoldering.57 According 
to a recent, nationwide, hospital- based study, the acute subtype was 
the most common, followed by the lymphoma subtype, which was also 
frequently observed.29 Among the subtypes, chronic and smoldering 
are regarded to be indolent ATLL, whereas the lymphoma and acute 
subtypes are considered to be aggressive ATLL. The chronic subtype 
is further divided into unfavorable or favorable groups based on labo-
ratory findings. Because intensive chemotherapies including allogenic 
stem cell transplantation are recommended for aggressive ATLL and 
the unfavorable chronic type,58,59 precise classification is required. In 
terms of genomic alterations, indolent and aggressive types exhibit dif-
ferent genomic landscapes.9,60 From an epidemiological perspective, 
one- half of indolent ATLL cases progress only to the acute, not the lym-
phoma subtype, approximately 1.5 years from diagnosis.61 Clinically, 
soluble interleukin- 2 receptor levels have been reported as a predictive 
marker in indolent ATLL for transformation.62 We found that cell cycle 
deregulation and immune escape mechanisms were involved in the 
progression from the chronic to the acute subtype.9 Kataoka et al also 
reported that IRF4 mutation, CDKN2A loss, and PD- L1 amplification 

F I G U R E  4   Progression patterns of HTLV- 1– related diseases. A, HTLV- 1 infection is considered to be an initial disease “hit.” The majority 
of HTLV- 1 carriers do not develop any related diseases. Individuals at pre- ATLL stage do not experience any symptoms, but ATLL- related 
mutations exist. Although it is known that approximately 5% of carriers develop ATLL, it is unclear what percentages of the carries with pre- 
ATLL develop ATLL. Some HTLV- 1 carriers develop acute- type ATLL with intervention from other subtypes of ATLL (secondary). They may 
also directly develop acute- type ATLL (de novo). HTLV- 1, human T- cell lymphotropic virus type 1; ATLL, adult T- cell leukemia/lymphoma; 
HAM, HTLV- 1– associated myelopathy. B, Possible differences of response to mogamulizumab in ATLL cases. Presence of CCR4 mutation and 
the location of tumor cells have been currently identified as markers for response to mogamulizumab. Collectively, among acute- type ATLL, 
the cases having CCR4 mutation without lymph node lesions are suspected to have good response to mogamulizumab. The cases with lymph 
node lesions may have poor response to mogamulizumab
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were associated with poor prognosis among the unfavorable chronic 
type.60 These indicate heterogeneity, even in the defined subtype.

Heterogeneity in the subtype may also be present among the 
acute type. The presence of tumor cells in peripheral blood can distin-
guish between the acute and the lymphoma subtypes, although both 
are considered to be aggressive.57 It is, therefore, speculated that the 
chronic subtype hardly progresses to the lymphoma subtype because 
the chronic subtype has already had peripheral blood involvement in 
tumor cells. Umino et al compared the genomic alterations in tumors 
from peripheral blood and lymph nodes in identical acute subtypes.63 
The analysis found that genomic alterations were identified in more 
lymph node lesions than in peripheral blood. This analysis identified 
unique alterations in tumor cells in the peripheral blood, which were 
not detected in the lymph nodes. It is, therefore, believed that multiple 
subclones develop in the lymph nodes, and some are involved in the 
peripheral blood. This finding was also supported by studies investigat-
ing HTLV- 1 clonality in ATLL.50 This may be one of the mechanisms of 
progression from the lymphoma to the acute subtype. Collectively, the 
acute subtype of ATLL may be classified into de novo acute type and 
secondary acute type from other subtypes (Figure 4A), although the de 
novo type ATLL may have other subtypes before diagnosis.

8  | HETEROGENOUS RESPONSE OF ATLL 
TO MOGAMULIZUMAB

We speculate that heterogeneity of the acute subtype is related 
to the response of ATLL to anti- CCR4 antibody (mogamulizumab), 
which is a humanized CCR4 monoclonal antibody that stimulates 
antibody- dependent cellular toxicity.64 More than 90% of ATLL 
cases express CCR4,65 and it is now recognized as a marker for ATLL. 
Administration of mogamulizumab remarkably improved progno-
sis, though the overall response rate was 50%,66,67 suggesting the 
existence of factors to stratify the sensitivity. CCR4 mutation is 
common in ATLL, with two types of mutations: nonsense (NS) and 
frameshift mutations (FS).7 We previously found that NS mutation 
of CCR4 caused strong expression of CCR4 and that FS mutation of 

CCR4 was a poor prognostic factor in ATLL without mogamulizumab 
treatment.68 A previous investigation reported that CCR4 mutations 
determine sensitivity to mogamulizumab treatment in ATLL.69 In the 
study, the 5- year overall survival rate from the day of first adminis-
tration of mogamulizumab in aggressive ATLL cases with CCR4 mu-
tation was 80.0%, while the cases without the mutation was 24.7%. 
However, in our analysis of another cohort, the CCR4 mutation was 
not necessarily involved in the responsiveness to mogamulizumab.64 
Actually, the overall response rate was lower in CCR4 mutated cases 
than wild type cases. In fact, several cases with CCR4 mutations ex-
hibited response to mogamulizumab in peripheral blood tumors, but 
not to tumor cells in the lymph nodes. In agreement with this aspect, 
other studies also reported that mogamulizumab was more effec-
tive against the leukemic type than the lymphoma type.67,70 This 
point was also identified in combination therapy using zidovudine 
and interferon- alfa.71 In other words, acute- type ATLL with lymph 
node lesions and acute type without lymph node lesions could be 
distinguished according to treatment responsiveness (Figure 4B). 
The acute type with lymph node lesions may progress from the lym-
phoma type, whereas those without may be from the chronic type. 
Analyses that take this point into consideration may be required to 
identify biomarkers for therapeutic response in the future. In addi-
tion, further analysis from multiple aspects including the mutated 
clone size will be also needed. Of note, a study by Rowan et al found 
that somatic mutations associated with the development of ATLL 
were identified in the peripheral blood before patients were diag-
nosed with lymphoma- type ATLL.52 Analysis of how these clones in 
the peripheral blood are involved in the development of lymphoma 
type is considered to be one direction of research investigating the 
development of ATLL.

9  | PTCL-  NOS: A HETEROGENEOUS 
GROUP OF T-  CELL LYMPHOMA S

At the end of this review, we will briefly introduce heterogeneity in 
PTCL- NOS. Among the PTCL subtypes, the fact that PTCL- NOS is 

F I G U R E  5   Peripheral T- cell lymphoma, 
not otherwise specified (PTCL- NOS) 
classification from multiple aspects. Two 
master transcriptional factors, GATA3 
and TBX21, divide PTCL- NOS into two 
groups with a different clinical course. 
Genetically, PTCL- NOS is classified 
into three groups. T follicular helper 
(TFH)- related genes represent TET2, 
RHOA, IDH2, and DNMT3A. Signatures 
of microenvironmental immune cells 
stratify PTCL- NOS prognosis. From a 
clinicopathological aspect, PTCL- NOS can 
be further divided, and the group may 
have characteristic genomic findings
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one of the most common types reflects its heterogeneity. Recently, 
PTCL- NOS has been classified in several aspects (Figure 5). First, 
PTCL- NOS can be classified into two groups based on the expres-
sion of two transcriptional factors: GATA3 and TBX21.72 This is a 
tumor phenotype- based approach. Second, Watatani et al showed 
that genomic alteration patterns can be used to classify PTCL- 
NOS.73 Third, our group used signatures of cells in the tumor 
microenvironment to stratify prognosis in PTCL- NOS.74 Another 
approach for disease recognition is based on clinicopathological 
findings, especially the organs of the original tumor sites. In fact, 
a part of the recent World Health Organization classification of 
PTCL is based on this finding (eg, cutaneous T- cell lymphoma and 
hepatosplenic T- cell lymphoma).1 From this perspective, we found 
that PTCL- NOS that develops in the thyroid is characteristic in 
terms of clinical, pathological, and genomic findings; therefore, 
primary thyroid T- cell lymphoma (PTTL) has been introduced as a 
new disease entity.75

The most common type of malignant lymphoma that develops 
in the thyroid is diffuse large B- cell lymphoma, followed by follicu-
lar lymphoma, and extranodal marginal zone lymphoma of mucosa- 
associated lymphoid tissue (MALT lymphoma).76 PTCL that develops 
in the thyroid gland is extremely rare, and only a few case reports 
have been published. It is very interesting that most were from East 
Asia, including Japan, and were from otolaryngology and surgical 
disciplines rather than hematology.

From the perspective of clinical findings, we found that PTTL 
was associated with autoimmune thyroiditis as an underlying dis-
ease with indolent behavior. Of note, some PTTL patients exhib-
ited spontaneous regression without any therapy. Pathologically, 
the tumor cells were small to medium in size, few had atypia, and 
were difficult to distinguish from MALT lymphoma using only 
histopathological techniques. Immunohistochemical analysis re-
vealed that tumor cells expressed CD3, CD4, and CXCR3 antigens, 
suggesting that the tumor cells were from type 1T helper cells 
(Th1). It is known that Th1 plays a key role in the development 
of autoimmune thyroiditis, and we speculate that the autoreac-
tive cells originated from PTTL. We found that the genomic copy 
number alteration pattern of PTTL differed from that of PTCL- 
NOS, and we identified STX11 as a tumor suppressor gene in T- cell 
malignancy.75,77 Although PTTL generally has an indolent clinical 
course, we encountered one PTTL patient who experienced an ag-
gressive clinical course. In this case, the size of the tumor cells was 
large, and the patient had a CDKN2A deletion. Because the alter-
ations have been reported to be associated with aggressiveness 
of the chronic subtype of ATLL,9,60 we believe that the deletion 
also plays an important role in the aggressive behavior of PTTL. 
Collectively, the series of studies investigating PTTL clearly reflect 
the heterogeneity of PTCL. In addition, it is possible to identify ge-
nomic alterations related to disease pathophysiology by focusing 
on diseases that exhibit specific clinicopathological characteristics 
and/or features.

10  | CONCLUSION

Genomic analysis of PTCL has yielded characteristic molecular find-
ings, and at the same time, the heterogeneity of this disease has 
become clearer. In ATLL, recognition of pre- ATLL status is a major 
step forward because evaluation may predict the development 
of ATLL, provide guidance for early therapeutic intervention, and 
prevent disease development. Classification of PTCL- NOS using 
several approaches can precisely identify distinct subgroups with 
characteristic pathophysiology. This classification may reveal novel 
therapeutic targets for PTCL. Genome analysis is considered to be a 
deductive method based on the premise that cancers have genomic 
alterations. In contrast, it is considered to be an inductive method to 
establish new disease entities among heterogeneous groups by fo-
cusing on characteristic molecular and clinicopathological features.

The integration of these types of analyses and abduction analysis 
will be required in the future to better understand PTCL.
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