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ABSTRACT: The World Health Organization classification for peripheral T-cell lymphomas (PTCLs) continues to
evolve based on genetic and clinical distinctions of each entity. In Part 1, an overview was provided of PTCL not other-
wise specified, follicular T-cell lymphoma, angioimmunoblastic T-cell lymphoma, anaplastic large cell lymphoma (ALCL),
and breast implant-associated ALCL. In Part 2, this review is extended to extranodal natural killer (NK)/T-cell lymphoma,
enteropathy-associated T-cell lymphoma, indolent T-cell lymphoproliferative disorder of the gastrointestinal tract, adult
T-cell leukemia/lymphoma, and hepatosplenic T-cell lymphoma. Each NK/T-cell malignancy has its own signature, requir-
ing knowledge of the appropriate diagnostic, prognostic, and therapeutic considerations when caring for afflicted indi-
viduals. Future directions will depend on discoveries that further our understanding of each disease and clinical trials

that test the latest treatment options.

Introduction

Peripheral T-cell lymphomas (PTCLs) include a spectrum of mature
T-cell and natural killer (NK)-cell neoplasms. PTCLs differ from one
another in clinical presentation, pathobiology, prognosis, and ther-
apeutic strategies.[1,2] Their heterogeneity, the challenge of diagno-
sis, and new knowledge from molecular studies have led to a recent
revision of the World Health Organization (WHO) classification for
PTCLs.[3]

As described in Part 1, the incidence of PTCLs shows epidemi-
ologic variability worldwide, influenced by factors such as ethnicity,
diseases affecting immunity, and virus epidemiology (Figure 1).[4-9]

The current WHO classification for PTCLs includes new sub-
types, but due to their low incidence, detailed knowledge of each en-
tity continues to evolve.[3] These subtypes, which will be highlighted
in this article, are described in Table 1.[3]

Extranodal NK/T-Cell Lymphoma
NK/T-cell lymphoma is a rare and aggressive disease with a high rate
of relapse and poor prognosis.[10] Extranodal NK/T-cell lymphoma
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PART 1 of this article, which discussed PTCL-NOS,
FTCL, AITL, and ALCL, appeared in the July 2018
issue of ONCOLOGY.

(ENKTL) has a male predominance, with a median age at diagnosis
of approximately 65 years.[5,9,11] Asia, Central America, and South
America demonstrate a higher incidence of NK/T-cell lymphoma.
[12] The geographic distribution may in part be explained by the
prevalence of Epstein-Barr virus (EBV) and the associated aberrant
expression of its receptor, CD21.[8] EBV likely plays a role in the
pathogenesis of this cancer, affecting cellular proliferation and the
microenvironment, including the expression of programmed death
ligand 1 on the malignant cells.[13]

ENKTL has two subtypes. The most common is the nasal type,
but extranasal presentations are seen, with different clinical mani-
festations.[11] The majority of patients with nasal-type ENKTL
present with early-stage disease involving the nasal region and the
upper aerodigestive tract.[11,14] Symptoms associated with this pre-
sentation typically include nasal obstruction, swelling, and bleeding
(epistaxis).[11]

Pathologic findings include angiodestruction, necrosis, and ul-
cers, with the malignant cells embedded in an inflammatory micro-
environment. The NK cells express CD2, CD5, cytoplasmic CD3g,
and CD56. These cells are commonly CD8-negative. CD30 is not
usually expressed.[11] A spectrum of cytogenetic alterations has
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Figure 1. Epidemiologic Variability of Peripheral T-Cell Lymphomas According to Geographic Location.
AITL = angioimmunoblastic T-cell lymphoma; ALCL = anaplastic large cell lymphoma; ALK = anaplastic lymphoma kinase; NKTCL = natural killer/T-cell lympho-

ma; PTCL-NOS = peripheral T-cell lymphoma not otherwise specified.

Data from: Bellei et al. Hematol Oncol. 2017[4]; Bellei et al. Rev Bras Hematol Hemoter. 2012(5]; Perry et al. Haematologica. 2016(6]; Vose et al. J Clin Oncol.

2008.[7]

been noted without a signature chromosomal translocation. The
most common abnormalities are del(6)(q21q25) and i(6)(p10), al-
though it is not clear if these represent primary or progression-as-
sociated events.

Clinical staging should include a detailed ear, nose, and throat
examination, positron emission tomography—CT imaging, and, in
select instances, bone marrow biopsies.[11]

Prognostication using the International Prognostic Index (IPI)
is problematic because IPI scores do not correlate with survival. In
fact, more than 80% of patients are in the IPI low-risk group, but
many still have unfavorable outcomes.[15] The Korean Prognostic
Index appears to be a meaningful advance, in particular for patients
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with nasal presentations.[15] Guidelines from the National Com-
prehensive Cancer Network recommend the use of the prognostic
index of natural killer cell lymphoma (PINK) or PINK-E (incor-
porating EBV status; Tables 2 and 3).[16-18] Additional prognostic
factors include fasting blood glucose level, total protein, and CD30
expression.[15,19]

The treatment for lymphomas originating from NK cells differs
from that for other PTCLs, with distinct approaches depending on
location (nasal or extranasal) and extent of disease.[20] For the
nasal type, radiotherapy is a key component of treatment with cu-
rative intent.

In cases of regional disease, an intensive combined-modality ap-
proach of sequential or concomitant chemotherapy and radiothera-
py is most effective.[10,12,20,21] Chemotherapy alone has been as-
sociated with worse outcomes and lower overall survival (OS) when
compared with radiotherapy and combined-modality treatment.[12]
Regimens containing anthracyclines are not recommended because
of inferior outcomes and overexpression of the P-glycoprotein efflux
membrane transporter. Regimens containing L-asparaginase or pe-
gylated asparaginase have proved the most successful for patients
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Figure 2. Treatment Algorithm for NK/T-Cell Lymphoma.

2AutoSCT should be considered for patients with stage I/Il disease, but it is not absolutely needed.

AlloSCT = allogeneic stem cell transplantation; AspaMetDex = pegylated asparaginase, methotrexate, and dexamethasone; autoSCT = autologous stem cell
transplantation; NK = natural killer; P-GEMOX = pegylated asparaginase, gemcitabine, and oxaliplatin; RT = radiotherapy; SMILE = dexamethasone, methotrex-
ate, ifosfamide, L-asparaginase, and etoposide.

Data from: NCCN guidelines 2017[23]

Table 1. Peripheral T-Cell Lymphoma (PTCL): Current World Health Organization Classification

Entity or Subtype - Distinctive or Particular Characteristics

Extranodal NK/T-cell lymphoma (ENKTL), nasal type EBV+

Enteropathy-associated T-cell lymphoma (EATL) Closely linked to celiac disease/polymorphic cellular composition/most
cases, a/f

Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL) Formerly type Il EATL, segregated from type |, and given a new name
due to nature and lack of association with celiac disease/monomorphic
cellular composition; usually CD8+, CD56+, and MATK+

Indolent Tcell lymphoproliferative disorder of the Gl tract New indolent provisional entity with superficial monoclonal intestinal T
cells, in some cases showing transformation

Adult T-cell leukemia/lymphoma (ATLL) HTL\V-1-infected and CCR4+

Hepatosplenic T-cell lymphoma Mutation of STAT5B and less often STAT3

EBV = Epstein-Barr virus; Gl = gastrointestinal; HTLV-1 = human T-cell leukemia virus type 1; NK = natural killer.
Data from: Swerdlow et al. Blood. 2016.[3]
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presenting with advanced-stage
NK-cell lymphoma, especially
for those with extranasal dis-
ease.[10,12,20,21] For patients
with early-stage disease (stages
I and II) or for those too frail to
tolerate chemotherapy, another
option is radiotherapy alone.
[12,14]

Patients with advanced-
stage NK/T-cell lymphoma—
either nasal-type or extrana-
sal disease—should be treated
with one of the chemotherapy
regimens discussed previously.
Those who achieve complete
response are also candidates
for consolidation with autolo-
gous stem cell transplantation
(autoSCT).[20] For patients
with chemotherapy-refractory
NK/T-cell lymphoma, autoSCT
does not have a clear benefit,
and allogeneic SCT (alloSCT)
may be a more appropriate ther-
apeutic intervention.[18,22,23]

Pembrolizumab, an anti-
programmed death 1 check-
point inhibitor, has recently
been shown to be highly effec-
tive for relapsed/refractory cases
and has been used after alloSCT
with good outcomes (Figure
2).[13,18]

Enteropathy-
Associated T-Cell
Lymphoma

The involvement of the gas-
trointestinal (GI) tract is more
commonly observed in B-cell
non-Hodgkin lymphoma.[24]
Enteropathy-associated  T-cell
lymphomas (EATLs) are rare,
typically involve the small in-
testine, and are divided into two
distinct entities in the WHO
classification, based on mor-
phology, immunophenotype,
and molecular features.[3,6,24]
Type 1 is the most prevalent
(~80% to 90% of cases) and has
a high prevalence in northern
Europe. Type II is now formal-
ly designated as monomorphic
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Table 2. Risk Factors Included in the Different Prognostic Indices for NK/T-
Cell Lymphoma

KPI PINK PINK-E

Prognostic Index of ENKTL Prognostic Index of NKCL PINK with EBV (DNA)

B symptoms present Age > 60 yr Age > 60 yr

Stage Ill or IV disease Stage Ill or |V disease Stage Ill or IV disease

LDH level > 1x upper limit of
normal
Regional lymph node involvement

Distant lymph node involvement Distant lymph node

involvement

Non-nasal-type disease Non-nasal-type disease

EBV (DNA) present

EBV = Epstein-Barr virus; ENKTL = extranodal NK/T-cell lymphoma; KPI = Korean Prognostic Index; LDL = lactate
dehydrogenase; NK = natural killer; NKCL = natural killer cell lymphoma; PINK = prognostic index of natural killer cell
lymphoma; PINK-E = prognostic index of natural killer cell lymphoma with EBV.

Data from: Lee et al. J Clin Oncol. 2006[16]; Kim et al. Lancet Oncol. 2016.[17]

Table 3. Overall Survival by PINK and PINK-E Risk Group

PINK PINK-E
Low 95%; 3-yr 95%; 3-yr
Intermediate 62%; 3-yr 55%; 3-yr
Stage Ill or IV disease 25%; 3-yr 28%; 3-yr

Low: 0 risk factors; Intermediate: 1 risk factor; High: > 2 risk factors.

PINK = prognostic index of natural killer cell ymphoma; PINK-E = prognostic index of natural killer cell lymphoma
with Epstein-Barr virus.

Data from: Kim et al. Lancet Oncol. 2016.[17]

Table 4. PTCL and Genetic Alterations

Subtype Immunophenotype Genes Involved
ENKTL CD2+, CD56+, CD3+, CD5+ TP53, JAK3, DDX3X, STAT3, STAT5B
ATLL CD2+, CD3+, CD4+, CD5+, CCR4, FoxP3

CD25+

EATL type | CD3+, C7+, CD103+ NOTCH1, ABL1, VAV2
MEITL CD3+, CD8+, CD56+, CD103+ MATK, STAT5B, SETD2, MYC
ITCLD GIT CD3+, CD8+, CD5+ STAT3
RS HEE CD3+, CD56+, CD8+ STAT5B, STAT3

ATLL = adult Tcell leukemia/lymphoma; EATL = enteropathy-associated T-cell lymphoma; ENKTL =

extranodal NK/T-cell lymphoma; HSTCL = hepatosplenic T-cell ymphoma; ITCLD GIT = indolent T-cell
lymphoproliferative disorder of the gastrointestinal tract; MEITL = monomorphic epitheliotropic intestinal T-cell
lymphoma.

Data from: Swerdlow et al. Blood. 2016.[3]
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epitheliotropic intestinal T-cell
lymphoma (MEITL) and is more
common in individuals of Asian
and Hispanic descent.[3,10,25]
The majority of patients are diag-
nosed in their 6th decade.[10,25]
Celiac sprue and the human
leukocyte antigen-DQ2/DQ8
phenotype is associated with type
I EATL.[6,10,24] Independent of
subtype, the malignancy tends to
be aggressive.[6] Clinical presen-
tation is characterized by abdom-
inal pain, change in bowel habits,
and anorexia.[10] B symptoms
are not commonly noted.[26]
EATL type I is typically poly-
morphic, while MEITL has a
monomorphic cellular composi-
tion. The characteristic immuno-
phenotype is different for the two
subgroups. Most cases of EATL
express CD30 and have an o/f
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Figure 3. Five-Year Overall Survival of Patients With AdultT-Cell Leukemia/Lymphoma,
According to the Clinical Subtype.

Data from: Bazarbachi et al. J Clin Oncol. 2010.[34]

T-cell receptor expression, while

CD30 expression is uncommon in MEITL cases, which also tend
to be more frequently y/8-expressing.[3,26] Genetic alterations,
including a 9934 region gain or a 16q21.1 deletion, are frequently
detected in EATL patients with celiac disease. Patients without ce-
liac disease frequently have a chromosome 8q gain.[10] Aberrant
nuclear p53 protein expression is noted in 75% of cases. Mutations
of STAT5B and SETD2 are observed in cases of MEITL of y/§ origin.
Abnormalities affecting MYC signaling are also common in MEITL
(Table 4).[3,25]

EATL has a poor prognosis, with a median OS of less than 1 year.
[26,27] No standard treatment exists for these patients. Historically,
the combination of surgery and anthracycline-based combination
chemotherapy, with or without radiotherapy, was employed.[26] An-
other option for first-line therapy is IVE/MTX (ifosfamide, etoposide,
epirubicin/methotrexate), developed by the Scotland and Newcastle
Lymphoma Group, which showed an improvement in outcomes
when compared with traditional regimens.[25,28] For patients who
achieve a complete response, autoSCT is a consideration.[18,25,27]

Indolent T-Cell Lymphoproliferative Disorder of
the Gl Tract
Indolent T-cell lymphoproliferative disorder (LPD) of the GI tract is
an entity recently incorporated into the WHO classification of lym-
phoid neoplasms.[3] This lymphoma has a male predominance, with
a median age at diagnosis of 45 years.[24,27] There is no association
with celiac disease, but some patients have a history of Crohn disease.
Presentation with diarrhea is common. At times, there is also ab-
dominal discomfort.[24,29] Fever, weight loss, and night sweats are
relatively rare.[24]
The disease usually has an indolent course, without lymphade-
nopathy or organomegaly. Involvement of the small bowel is most
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common, although any GI site can be involved and often there are
multiple locations.[3] Endoscopic findings are extremely varied and
include nodules, ulcers, diverticula, and erosions.[24]

Classically, indolent T-cell LPD of the GI tract is characterized by
an infiltration of small, monotonous, and mature lymphocytes in-
volving the lamina propria, with focal infiltration of the muscularis
mucosae and submucosa. The mitotic index (or Ki-67 expression)
is usually low (eg, Ki-67 expression less than 5%), and EBV is not
expressed. CD30+ cells are rare.[24,29]

A limited number of cases have been reported in the literature.
Recently published research has demonstrated that progression and
transformation are rare.[24,27] Aggressive chemotherapy is of min-
imal value, and watchful waiting is usually the most appropriate ap-
proach.[24,27]

Adult T-Cell Leukemia/Lymphoma

Adult T-cell leukemia/lymphoma (ATLL) is linked to infection with
the retrovirus human T-cell leukemia virus type 1 (HTLV-1).[23,30-
32] The transmission of HTLV-1 predominantly occurs vertically
through exposure to breast milk or blood.[31] The malignant cells
show monoclonal integration of the virus.

The epidemiology of the disease reflects the prevalence of HTLV-
1 in endemic regions in southwestern Japan, Central America, South
America, the Caribbean basin, and western Africa. The incidence
is 2.5% among HTLV-1 carriers and is slightly more pronounced
among males in their 6th decade, suggesting that infection alone is
not sufficient for the development of this malignancy.[32]

Four classic clinical presentations of ATLL have been described:
acute, lymphomatous, chronic, and smoldering.[33] The acute pre-
sentation is most common and is characterized by lymphocytosis,
lymphadenopathy, hepatosplenomegaly, constitutional symptoms,
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Figure 4. Treatment Algorithm for ATLL.

2At first or second remission.

AlloSCT = allogeneic stem cell transplantation; ATLL = adult T-cell leukemia/lymphoma; AZT/IFN-a = zidovudine and interferon alfa; CHOEP = cyclophosphamide,
doxorubicin, etoposide, vincristine, and prednisone; CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone; EPOCH = etoposide, prednisone,
vincristine, cyclophosphamide, and doxorubicin; hype~CVAD = hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone, alternating

with methotrexate and cytarabine; W&W = watch and wait.

Data from: NCCN guidelines 2017(23]

lytic bone lesions, skin rash, and involvement of other organs. Hy-
percalcemia and elevated lactic dehydrogenase (LDH) levels are
frequent laboratory findings. This subtype carries the worst prog-
nosis.[31-33]

The lymphomatous variant is characterized by lymphadenopa-
thy without lymphocytosis. Skin involvement is common and can
manifest as an erythematous rash, papules, or nodules.[33]

Patients with the chronic form typically present with skin man-
ifestations, without significant lymphocytosis or lymphadenopa-
thy. Patients with the smoldering subtype have normal peripheral
blood counts with skin and/or lung lesions. Enhanced susceptibili-
ty to opportunistic infections has been observed in all subtypes and
is potentially exacerbated by treatment.[30,33,34]

Generally, ATLL is considered an aggressive disease composed
of a pleomorphic lymphoid infiltrate.[31] The “flower cell” or “clover
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leaf” is the name given to malignant cells with convoluted nuclei that
express CD2, CD3, CD4, CD5, and CD25. Associated large trans-
formed cells may be CD30+.[30,31]

The T-cell receptor genes are clonally rearranged. There is no
signature cytogenetic abnormality, although generalized genomic
mutations (ie, PLCGI, PRKCB, VAV1, IRF4, FYN, CARDI11, CCR4,
CCR?7, and STAT3) and prominent CpG island DNA hypermethyl-
ation are noted. The tax gene, a nonstructural gene on the HTLV-1
genome, appears to play a critical role in leukemogenesis, but it is
not critical to sustain tumor cell growth. HBZ is one of the few genes
consistently overexpressed in most ATLL cases.[30,31] Mutations or
deletions involving p53 are also seen and are more common with
disease progression.[30]

Watchful waiting is recommended for patients who are asymp-
tomatic.[32] Antiretroviral treatment, combining zidovudine (AZT)
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and interferon alfa (IFN-a), appears to be an option for first-line
therapy, in particular for the acute subtype of ATLL. A meta-analysis
by Bazarbachi et al evaluated the use of AZT/IFN-a for each subtype
of ATLL and its effect on OS (Figure 3).[34] Polychemotherapy con-
taining anthracyclines has historically been used as first-line therapy
for patients with the lymphomatous subtype who require treatment,
although response rates are low, with frequent relapses and short
survival (median, 13 months).[30] Mogamulizumab (anti-CCR4
monoclonal antibody) is approved in Japan for the treatment of re-
lapsed/refractory cases.[31] Alemtuzumab (anti-CD52 monoclonal
antibody) also has activity but is associated with severe immuno-
suppression.[30] AlloSCT should be considered in patients with the
acute form who achieve remission, but it is associated with signifi-
cant morbidity and high relapse rates (Figure 4).[18,30,32]

Hepatosplenic T-Cell Lymphoma

This rare lymphoproliferative disorder, which represents less than
1% of non-Hodgkin lymphomas, predominantly affects young men
with a median age of approximately 35 years.[9,18,35] An associa-
tion with chronic immunosuppression is seen in as many as 20% of
individuals.[10,34]

The clinical presentation suggests a very aggressive disease and
includes systemic symptoms, hepatosplenomegaly, and pancytope-
nia.[10] A proliferation of cytotoxic (T1A1+ and granzyme M+)
medium-sized T cells is seen infiltrating the sinusoids of the liver,
spleen, and bone marrow.[3,8,35]

There are two types of hepatosplenic T-cell lymphoma. The most
common type is derived from y/8 T cells (expressing the V81 chain),
and a small percentage derive from a/f T cells.[3,35]

Due to the aggressive nature of the disease, combination chemo-
therapy (CHOP [cyclophosphamide, doxorubicin, vincristine, and
prednisone] or hyper-CVAD [hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone, alternating with
methotrexate and cytarabine]) followed by stem cell transplantation
is usually recommended.[35] AlloSCT is the preferred front-line
consolidation in cases of y/8 hepatosplenic lymphoma. AutoSCT
is reserved for elderly patients or those with significant comorbid-
ities.[36] Unfortunately, most patients do not achieve a complete re-
mission with induction chemotherapy, compromising the stem cell
transplantation results.[35]

Conclusion

PTCLs represent a heterogeneous spectrum of malignancies. The low
overall incidence of each entity has historically presented a challenge
to advancing our knowledge about each disease. It is recommended
that the diagnosis be reviewed by an experienced pathologist, in part
because a more comprehensive understanding of the molecular, cel-
lular, and phenotypic characterization of the different subtypes has
emerged. In most instances, prognosis remains poor, underscoring
the importance of having patients participate in clinical trials. In ad-
dition, there has been recognition of indolent subtypes that should
be observed without immediate intervention. Fortunately, encour-
aging therapeutic approaches are on the horizon that should have a
profound impact on our ability to treat these unique non-Hodgkin
lymphomas.©
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