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Extranodal natural killer/T-cell lymphoma, nasal type (ENKL), is a rare malignancy

of Non-Hodgkin lymphoma characterized by an aggressive clinical course and poor

prognosis. It shows strong association with Epstein-Barr virus infection and occurs

more commonly in Asia and Latin America. Various genetic alterations have been

identified in ENKL by gene expression profiling and sequencing techniques. The frequent

deletion of chromosome 6q21 was reported to lead to the silence of several tumor

suppressor genes. Also, there have been novel genetic mutations that were recently

uncovered and were found to frequently activate several oncogenic pathways, including

the JAK/STAT, NF-κB, and MAPK pathways. Besides, we believe that deregulated single

genes and epigenetic dysregulation might be relevant to the mechanism of this disease

and thus, may have the potential to shed lights on the development of new therapeutic

strategies. The consensus on the standard treatment for ENKL has not yet been currently

established. For localized ENKL patients, radiotherapy with concurrent chemotherapy

and sequential patterns of chemotherapy and radiotherapy are recommended as first-line

therapy. As for advanced or relapsed/refractory ENKL patients, the application of

non-anthracycline-containing regimens have significantly improved the clinical outcome,

contributing to higher response rate, longer overall survival and progression-free survival.

Hematopoietic stem cell transplantation is widely recommended for consolidation after

a complete remission or partial remission has been achieved. The anti-programmed

death 1 antibody, an immune checkpoint inhibitor, has demonstrated favorable results

in treating relapsed or refractory ENKL. Of the current ENKL treatment, researchers

are still striving to validate how radiotherapy and chemotherapy should be optimally

combined and which of the non-anthracycline-containing regimens is superior. In this

review, we summarize the main genetic alterations frequently found in ENKL and their

role in providing new insights into the therapeutic targets of this disease, and highlight

the recent findings regarding new biologic markers, novel therapeutic strategies applied

to this intriguing neoplasm.
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INTRODUCTION

Extranodal natural killer/T-cell lymphoma, nasal type (ENKL)
is a rare and distinct malignancy with an aggressive clinical
course. Its lesions are predominantly present in the upper
aerodigestive tract (UADT). Since the neoplasm can destroy
the midline facial structures, the disease used to be known as
lethal midline granuloma (1–3). ENKL is strongly associated with
Epstein–Barr virus (EBV) infection and occurs more commonly
in Asia and Latin America. Vast majority of ENKL express CD56,
CD2, cytoplasmic CD3ε and cytotoxic markers, and lacked the
rearrangement of T-cell receptor gene, which supports a natural
killer cell derivation. Rare cases of T cell derivation with a
cytotoxic phenotype have also been described and are included
in this subtype (4, 5).

PATHOGENIC MECHANISMS OF
EPSTEIN-BARR VIRUS-POSITIVE
NK/T-CELL LYMPHOMA

Epstein-Barr Virus Gene Expression
Epstein-Barr virus (EBV) resides in the B-cells, T-cells, NK-cells,
epithelial cells and mesenchymal cells of the infected individuals
(6). The mechanism by which B cells are infected has been well-
elucidated, but the mode of infections in other cell types is less
well-known. During the infective period, EBV transforms the
host cells from a resting state to a malignant activated state,
and facilitates the oncogenesis of nasopharyngeal carcinoma and
lymphomas, such as ENKL, Burkitt lymphoma, diffuse large
B-cell lymphoma (DLBCL) and classic Hodgkin’s lymphoma.

In ENKL, it is not clear whether the EBV genomes passage is as
an episomal form or integrated into host genome. However, using
high-throughput sequencing, our recent study identified frequent
focal EBV genome deletions and integrated EBV fragments in
the host genome in ENKL (7). Once the B cell is infected EBV,
the virus will induce expression of numerous genes (the viral
as well as the host gene) to evade the innate and acquired
immune system, and facilitate transformation of B cells through
a variety of mechanisms. During the primary infection, EBV
undergoes a lytic stage and latent stage and then establishes
a permanent reservoir of memory B-cells. The lysis phase is
characterized bymassive viral products in the host cells due to the
lytic gene expression. While various patterns of latency type are
observed in different lymphomas, such as latency type I in Burkitt
lymphoma, latency type II in classic Hodgkin lymphoma and
latency type III in post-transplant lymphoproliferative disorders
of B cell type. EBV expresses viral-associated latent proteins
including EBV-determined nuclear antigen (EBNA) and latent
membrane proteins (LMP-1,−2a, and−2b), which are contribute
to the division of the viral genome during cell division and
differentiation of EBV-infected cells to long-lived memory cells
(8–11). Among all these latent products expressed in ENKL cells,
LMP-1 is the main oncogenic protein which inhibits apoptosis
and promotes cell-cycle progression, proliferation, migration,
and invasion. Further, LMP-1 upregulate the expression of
survivin, myc, soluble IL-2 receptor alpha (IL-2R α), and

programmed death protein ligand 1 (PD-L1) through multiple
downstream signaling pathways, including the MAPK/ERK1/2,
JAK/STAT, NF-κB, and PI3K/Akt pathways (12–17).

Genetic Susceptibility
Genome-wide association study of ENKL has identified several
single-nucleotide polymorphisms (SNPs) directly related to
ENKL susceptibility. Among those SNPs, rs9277378∗A risk allele,
which is located within the HLA-DPB1 gene on chromosome
6, was found to have the strongest association for an increased
risk of ENKL (18). Deletion mutation of RASGRPI, a T
lymphocyte-specific nucleotide exchange factor of T-cells for
proliferation and anti-EBV immune responses, may also result
in a high susceptibility to EBV infection and EBV-driven
lymphoproliferative disorders (19). Moreover, numerous genes
(such as ITK, SH2D1A, CD27, CORO1A)which affect T cells, NK
cells and their interaction with antigen presenting cells, as well as
EBV infected B cells andmacrophages, also increase susceptibility
to ENKL (20).

Chronic Inflammation and Lymphoma
Microenvironment
ENKL initiates chronic inflammatory responses in which
immune-associated pro-inflammatory and anti-inflammatory
cytokines are overexpressed (21). The interactions between
monocytes and membrane-bound IL-15 increases the expression
of LMP1 and promotes the proliferation of ENKL cells (22).
Simultaneously, PD-L1 and PD-L2 may be upregulated by
inflammatory cytokines, of which interferon-γ may play a key
role (23). The presence of lymphoma-associated hemophagocytic
syndrome (LAHPS) during the progression of lymphoma may
indicate an extremely poor outcome. A recent study has identified
a hotspot gene mutation of evolutionarily conserved signaling
intermediate in the Toll pathway (ECSIT -T419C). Tumor
cells harboring the ECSIT-T419C mutation facilitate a massive
secretion of pro-inflammatory cytokines (including TNF-α and
IFN-γ) and trigger a hyperinflammation, thereby promoting
LAHPS in ENKL (24).

Molecular Pathogenesis
Chromosomal Abnormalities
Genome-wide studies have reported several chromosomal
abnormalities in ENKL. The most typical one is the deletion
in the chromosome 6 region, which directly lead to the silence
of several tumor suppressor genes coding for PRDM1, FOXO3,
ATG5, AIM1, and HACE1 (Figure 1). Moreover, it has been
reported that the re-expression of FOXO3 and PRDM1 suppress
the proliferation of ENKL cells (14, 25–27); suggesting their
involvement in oncogenesis. However, further study failed to
prove the role of HACE1 as a tumor suppressor in ENKL (26).

In non-Hodgkin’s lymphoma, deletion in chromosome 6
region has been well-studied in B cell lymphomas and proved
to be the most common secondary aberration including
tumor suppressor genes’ loss and oncogenes’ amplification (28).
However, how the deletion in chromosome 6 promote ENKL
development is puzzled and whether it represents a primary or
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FIGURE 1 | Molecular pathogenesis of Epstein-Barr virus-positive NK/T-cell lymphoma. EBV latent membrane protein-1 (LMP-1) activates the downstream signaling

pathways, one of which is the NF-κB pathway. Together with PI3K/Akt pathways, NF-κB leads to the upregulation of survivin, which further inhibits cell apoptosis.

Activation of JAK/STAT is associated with the upregulation of EZH2, which results in DNA methylation and gene transcription, and ultimately induces cell proliferation.

Both the NF-κB pathway and JAK/STAT pathway upregulates the expression of PD-L1 on the surface of lymphoma cells and they escape from the immune

surveillance of activated T cells. The deletion of chromosome 6q silences many tumor suppressor genes, such as PTPRK and PRDMI, which directly result in the

activation of JAK/STAT and myc pathways. Moreover, gene mutation including P53, ECSIT, DDX3X are also involved in the oncogenesis of ENKL through the

pathways mentioned above.

secondary event in ENKL is debatable, and more studies are
needed to elucidate this alteration and the mechanism behind it.

Gene Mutations
The discovery of frequent gene mutations in ENKL has somehow
revealed its underlying molecular mechanism and has provided
promising molecular targets for this disease. Exome sequencing
has shown that the DEAD-BOX(DDX)3X mutation was present
in ∼50% of all ENKL, inhibited RNA-unwinding activity, and
deregulated suppressive effects on NF-κB and MAPK pathways.
Located on the sex chromosomes X, the DDX gene acts as
a tumor suppressor. It encodes RNA helicases, a large family
of proteins that unwind the double stranded RNA and take
part in multiple biological processes within the NK cells. Thus,
mutations disrupting those crucial functions will consequently
promote cell growth and tumor progression (29–31).

Mutation of ECSIT-T419C encode a V140A variant of ECSIT,
which activate the NF-κB signal pathway by binding with the
S100A8 and S100A9 heterodimer and enhancing the activity
of NADPH oxidase, and thus play a key role in inflammatory
response of LAHPS (24).

Aberrant Signaling Pathways
Several studies have focused on the functional alteration of
Janus kinase (JAK) and the downstream molecular signal
transducer and activator of transcription (STAT) pathway, which
predominantly mediate the IL-2 receptor signaling, contributing
to the tumor cell development and invasive phenotype of ENKL
(32). Acquired mutation (A573V, V722I, A572V, and A573V)
in the JAK3 pseudokinase domain resulted in constitutive JAK3
activation (33, 34). Ectopic expression of STAT3missense single-
nucleotide variants (SNVs) and STAT5B missense mutations
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were found to be associated with increased phosphorylated
protein, promoting the growth of transduced cell lines or
primary humanNK cells (35). Additionally, loss expression of the
receptor-type tyrosine-protein phosphatase kappa (PTPRK), the
only protein tyrosine phosphatase at 6q that contains a STAT3-
specifying motif, may directly lead to STAT3 activation and
over-expression in ENKL (36).

Network and signaling pathway analysis also recognized
activated NOTCH, p53, NF-κB, PDGF, AKT, andMAPK/ERK1/2
pathways that are differentially expressed between ENKL and
normal NK cells (Figure 1) (14, 37). Drugs targeting these
activated pathways have made some progress in terms of medical
development and have shown practical therapeutic potential in
the clinical treatment (Figure 2).

Deregulated Single Genes
It is well-defined that EZH2 overexpression is related to the
tumorous invasive growth and poor clinical outcomes in several
types of cancers. Known to be the key enzymatic component
of polycomb repressor complex 2 (PRC2), EZH2 depends on
PRC2 to establish an oncogenic function, which directly controls
DNA methylation and leads to the silence of a magnitude of
genes as a transcriptional repressor (38, 39). Whereas, in the
recent years, there has been increasing literatures showing that
EZH2 not only acts as a “transcriptional repressor” but also as
a “transcriptional activator.” In ENKL, EZH2 is independent
on the PRC2’s enzymatic activity and shows a non-canonical
function of directly activating gene transcription, which in
turn transform EZH2 from a transcriptional repressor into a
“transcriptional activator.” It has also been demonstrated that
EZH2 phosphorylation was regulated by the JAK3 pathway for
inducing its dissociation from PRC2 (40), and the upregulation
of EZH2 is reported to be induced by myc’s suppression effect on
its regulatory microRNAs in ENKL (39).

Runt-domain transcription factor (RUNX3), not only shows
oncogenic properties implicated in several major developmental
pathways, but also acts as a tumor suppressor that increase
apoptosis and reduce cell proliferation (41, 42). Recent studies
have found that the overexpression of RUNX3 in ENKL, and myc
transcriptional regulated RUNX3 by binding with it, sequentially
resulted in increased proliferation of tumor cells. Satisfactorily,
cell growth could be effectively inhibited by a small-molecule
MYC inhibitor which caused significant downregulation of myc
and RUNX3 and thus, providing new therapeutic implications for
clinical application (43).

Epigenetic Dysregulation
The discovery of frequent distal DNA hypomethylation and
promoter hypermethylation, which may be responsible for
suppressor genes being silenced, has highlighted the prominent
role of epigenetic deregulation in ENKL (44). Epigenetic
regulators mutations of BCOR and MLL2 were frequently seen
in ENKL, playing a key role in oncogenesis as tumor suppressor
genes (45). In addition, miRNAs such as miR-101, miR26b, miR-
26a, miR-28-5, and miR-363, were found to be dramatically
downregulated in ENKL compared to normal NK cells, to
increase the expression of several genes involved in oncogenesis,

and to disturb cell growth (46). All the molecular alterations are
summarized in Table 1 below.

DIAGNOSIS OF EPSTEIN-BARR
VIRUS-POSITIVE NK/T-CELL LYMPHOMA

Clinical Features and Stage Stratification
ENKL predominantly occurs in the extranodal sites, and damages
the midline facial structures and other sites including the orbit,
salivary glands and paranasal sinuses (1–3). It is common to
observe systemic symptoms (B symptoms: fever, weight loss and
night sweats) as well as lymphoma-associated hemophagocytic
syndrome in advanced cases (56, 57).

Dedicated computed tomography (CT) and magnetic
resonance imaging (MRI) scans are universally used for the
assessment of nasal cavity, hard palate, anterior fossa and
nasopharynx. To determine the optimal management of those
patients, the Ann Arbor staging system was widely used based on
the CT and PET/CT imaging of the lymphoma location (same
side of diaphragm, opposite side of diaphragm, extra-nodal, etc.)
(58). The imaging alteration together with circulating EBV-DNA
after treatment are efficient methods of response assessment
(59). PET/CT is wildly used for response assessment currently
and the 5-point Deauville scale for response assessment using
FDG-PET was incorporated into the Lugano classification
criteria in 2011 (58).

Diagnosis and Differential Diagnosis
Histologically, ENKL is frequently characterized with local angio-
invasion and/or angio-destruction, causing progressive necrotic
ulceration. Neoplastic cells are intermediate to large cell in size
positive for surface CD2, CD56 and cytoplasmic CD3ε, but
negative surface CD3. Cytotoxic markers for ENKL diagnosis
include TIA-1, granzyme B, T-cell intracellular antigen 1 and
perforin on tumor cells (5). Circulating EBV-DNA, a biomarker
of tumor load, as well as the EBV-encoded RNA (EBER) by in situ
hybridization are also essential biomarkers for diagnosis (59, 60).

The expression of CD3ε+, cytotoxic molecules and Epstein-
Barr virus must be present for the diagnosis of ENKL
based on the current WHO classification criteria (5). The
differential diagnosis of ENKL can be judged by the common
location of extranodal sites especially upper aerodigestive
tract, the absence of surface CD3, CD5, TCR receptor, and
elevated EBV-DNA level. It should be distinguished from
other EBV-related hematological disorders, such as acute EBV-
associated hemophagocytic lymphohistiocytosis (HLH), nodal
EBV positive peripheral T cell lymphoma (PTCL), EBV-
associated diffuse large B cell lymphoma and aggressive NK
cell lymphoma.

Prognosis, Biomarkers, and Risk
Stratification
Previous prognostic models for risk stratification included
the International Prognostic Index (IPI), the Korean
Prognostic Index (KPI) and prognostic nomogram, all of
which were based on treatments using primarily CHOP
or CHOP-like regimens (61–63). As the treatment for this
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FIGURE 2 | Promising new drugs or treatment strategies in NK/T cell lymphoma and their target. Pembrolizumab and nivolumab are both anti-PD1 antibodies, they

were designed to target PD1 on the microenvironment T-cells, interrupting the connection of PD1 and PDL-1, and inhibiting activation. Daratumumab, a novel

antibody targeting CD38 on the membrane of lymphoma cell, has shown particular efficacy in one case. LMP-specific CTLs are produced against lymphoma cells

with membrane expression of LMP, and sequentially kill tumor cells. Signal pathways aberration and gene dysregulation are universally involved in lymphomagenesis,

thus making molecule inhibitors an attractive target. JAK inhibitors, surviving, and EZH2 blocades have shown efficacy in some pre-clinical trials with favorable

outcomes. The immunosuppressive agents, dexamethasone, and thalidomide, can efficaciously inhibit the TNF-α and IFN-γ released by lymphoma cells due to the

ECSIT mutation, and relieve ENKL-associated hemophagocytic syndrome.

disease has changed from conventional anthracycline-based
chemotherapy to non-anthracycline-based chemotherapy,
a new prognostic model called prognostic index of natural
killer lymphoma (PINK) was established. Consisting of
four independent prognostic factors: age >60 years, stage
III/IV disease, non-nasal type and distant lymph-node
involvement, PINK provides a more accurate prediction of
survival of ENKL compared with the previously available
models. At the same time, it was the first time to integrate
quantifiable circulating EBV-DNA into a prognostic
index for natural killer cell lymphoma–Epstein-Barr virus
(PINK-E) (64).

A multivariate study consisting of localized ENKL patients
who received radiotherapy-DeVIC revealed that elevated
pretreatment soluble IL-2 receptor could also be an independent
prognostic factor for poor overall survival (OS) and progression-
free survival (PFS) (65). Besides, for localized ENKL patients

who have received radiotherapy (RT), the assessment of their
primary tumor invasion (PTI) and regional lymph node
(LN) spread based on MRI are crucial prognostic factors
for predicting their survival outcomes, and are considered
when defining the clinical target volume (CTV) (66). Also,
a high concentration of serum soluble PD-L1 and a high
expression of PD-L1 in tumor specimens were also found to
be independent adverse predictors for patients with stage I∼II
ENKL (15, 67).

Other potential prognostic factors, including elevated fasting
blood glucose (FBG, >100 mg/dl at diagnosis) (68), decreased
total protein (TP, <60 g/L) (69) and non-O blood type (70), may
predict lower response and worsen survival in ENKL patients.
CD30, a target of anti-CD30 antibody for refractory Hodgkin
lymphoma patients with strong expression of CD30, was detected
in 47% of ENKL patients in a retrospective study, however, it
failed to show any prognostic significance (71).
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TABLE 1 | Molecular pathogenesis of Epstein-Barr virus-positive NK/T-cell lymphoma.

Molecular pathogenesis Genetic alterations Highlights Target therapy

Chromosomal 6

abnormalities

PRDM1 (47, 48) Acts as both potential tumor suppressor and promoter. Hypermethylation of PRDM1

downregulated its expression and involved in the oncogenesis of ENKL.

FOXO3 (25) A tumor suppressor belonging to the fork-head family.

PTPRK (36) The only protein tyrosine phosphatase at 6q that contains a STAT3-specifying motif.

Loss of expression of PTPRK directly led to STAT3 activation and tumor progression

in ENKL.

HACE1 (26) A tumor suppressor, but it is not directly involved in the ENKL pathogenesis.

Gene mutations DDX3X (30) A tumor suppressor gene. DDX3X mutants reduced RNA-unwinding activity and

deregulated suppressive effects on the NF-κB and MAPK pathways.

ECSIT (24) A gene associated with LAHPS. ECSIT-T419C mutants activated NF-κB signal

pathway by binding with S100A8 and S100A9 heterodimer and enhanced the

activity of NADPH oxidase inflammatory response.

Dexamethasone

and thalidomide

Aberrant signaling pathways JAK/STAT (33–35, 49, 50) Acquired mutations (A573V, V722I, A572V, A573V, H583Y, and G589D) in the JAK3

pseudokinase domain resulted in constitutive JAK3 activation. STAT3 missense

single-nucleotide variants (S614R, G618R, and A702T) and STAT5B missense

mutation were located in the SH2 domain, which was critical for STAT activation and

further promoted growth, survival and invasiveness of tumor cells. Constitutive JAK3

phosphorylation on tyrosine 980 was also involved in JAK3 activation.

JAK inhibitors

CP-690550,

PRN371

NF-κB (24, 30, 51) NF-κB was highly expressed in ENKL compared with normal NK cells. It was the key

signaling pathway that was implicated in several genetic alterations, such as the

overexpression of survivin, DDX3X mutants and LAHPS.

Bortezomib

Deregulated single genes Survivin (12, 37, 52) Overexpression of survivin was detected in 97% of cases. And LMP-1 was proved to

upregulate the expression of survivin through NF-κB and PI3K/Akt signaling

pathways.

Terameprocol

(EM-1421)

Myc (37, 40, 43) Myc was highly expressed in the NK cell lines and tumor samples. Activation of myc

was related to the upregulation of EZH2 and the overexpression of RUNX 3.

EZH2 (39, 40, 53) EZH2 is a H3K27 methyltransferase that directly controls DNA methylation and

silences several genes as a transcriptional repressor. It is also a “transcriptional

activator” for driving oncogenesis. In ENKL, JAK3 could lead to the phosphorylation

of EZH2 and resulted in the upregulation of several genes which were involved in DNA

replication, cell cycle, and invasiveness. Also, the expression of EZH2 could be

upregulated by myc by inducing repression of its regulatory microRNAs.

EZH2 inhibitor

GSK126

RUNX3 (42, 43) RUNX3 only shows oncogenic properties, but also acts as a tumor suppressor. myc

transcriptional regulated RUNX3 by binding activity with it in NKTL. Inhibition of MYC

could effectively inhibit RUNX3, following by increased apoptosis and reduced cell

proliferation.

Epigenetic dysregulation Hypermethylation (44) Promoter hypermethylation is responsible for several suppressor genes being

silenced, and those probably involved in ENKL are BCL2L11 (BIM), DAPK1, PTPN6

(SHP1), TET2, SOCS6, and ASNS.

MicroRNA (46, 54, 55) MicroRNAs, such as miR-101, miR26b, miR-26a, miR-28-5, and miR-363, were

found dramatically downregulated in ENKL compared to normal NK cells. They

functioned by regulating the expression of their predicted target genes. MiR-15a was

reported to be downregulated by LMP-1. Besides, miR-146a could downregulate

NF-κB activity by targeting TRAF6 and function as a tumor suppressor, which

sequentially promote cell proliferation and predict poor prognosis.

TREATMENT OF EPSTEIN-BARR
VIRUS-POSITIVE NK/T-CELL LYMPHOMA

Stage I/II NK/T-Cell Lymphoma
It is commonly recognized that RT is the most effective treatment
modality in terms of locoregional control (LRC) for localized
ENKL patients (72, 73). Even for patients who have achieved

a complete response (CR) after chemotherapy, they still show

higher survival rates with RT than without RT. A dose of
50Gy is established as the optimal dose for localized ENKL

patients (74). A retrospective study which investigated the effect

of dose-dependent RT on long-term survival in localized ENKL
patients demonstrated that high-dose RT (≥50Gy) significantly
exhibited better 5-year LRC (85 vs. 73%), PFS (61 vs. 50%),
and OS (70 vs. 58%) as compared to low-dose RT (<50Gy).
High-dose RT was also observed to dramatically lower the
risk of locoregional recurrence (73). However, a subset of
patients who receive RT alone still face local recurrence and
systemic failure.

The outcome of conventional chemotherapy of anthracycline-
based regimens such as CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone) are unsatisfactory because of natural
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killer cells’ high expression of the P-glycoprotein, which is
encoded by multidrug resistance (MDR)-1 gene and results in
resistance to anthracycline (75). Since the early 2000s, a mass
of clinical trials was conducted to define the best approaches to
treat ENKL patients. Accordingly, non-anthracycline-containing
regimens showed outstanding efficacy.

A retrospective study has found out risk-adapted therapeutic
strategies for localized ENKL: RT alone for low-risk patients and
RT consolidated by chemotherapy for high-risk patients (76).
Besides, a recent retrospective study aimed to define the role of
sequential RT in combination with chemotherapy in comparison
with concurrent chemoradiotherapy (CCRT) in localized ENKL
showed comparable results. Treatment included single patterns
(chemotherapy or RT), sequential patterns (chemotherapy
followed by RT or RT followed by chemotherapy) and concurrent
patterns (CCRT or CCRT followed by chemotherapy). It turned
out that sequential patterns and concurrent patterns showed
similar outcome. Both of them dramatically changed the clinical
management of ENKL and were recommended as first-line
therapy for localized ENKL patients (77). In conclusion, either
sequential or concurrent chemotherapy with RT is the preferred
treatment approach for early-stage ENKL and they show
comparable efficacy in ENKL. Also, RT is only acceptable if the
patient is unfit for combination chemotherapy.

Sequential Patterns
The sandwich protocols, which consist of sequential RT after an
initial induction chemotherapy followed by further consolidation
of chemotherapy, has also achieved comparable efficacy in
contrast to concurrent patterns. In one study, it was observed that
after 26 patients completed the sandwich LVP (L-asparaginase,
vincristine and prednisone) with RT, they had an overall response
rate (ORR) of 89%, which included 80.8% of the patients
achieving a CR and 8% achieving a partial response (PR). With
a median follow-up of 27 months, the 2-year OS and PFS rates
were 89 and 81%, respectively. During this study, only 2 patients
experienced grade 3 leukocytopenia (78). In another study, the
regimen GELOX (gemcitabine, oxaliplatin, and L-asparaginase)
was prescribed as a sandwich protocol to 27 patients with
localized ENKL. At the end of the treatment, the observed ORR
was 96%, including 74% with CR and 22% with PR. At a median
follow-up of 27 months, the 2-year OS and PFS rates were both
86%. Grade 1–2 toxicities were common but grade 3–4 toxicities
were few during this treatment (79).

In a retrospective study, sequential patterns of RT followed
by GDP (gemcitabine, dexamethasone and cisplatin) regimen
was applied to 44 patients with newly-diagnosed localized ENKL.
After the completion of GDP chemotherapy, 8 patients with PR
to former RT achieved CR, and the ORR was 95%.With a median
follow-up of 38 months, the 3-year OS rate and PFS rates were 85
and 77%, respectively (80).

Concurrent Chemoradiotherapy
Localized ENKL patients were treated with RT (50Gy)
concurrently with the recommended dose of DeVIC
(dexamethasone, etoposide, ifosfamide, and carboplatin) in

a phase I/II study, and the ORR was 81%. With a median follow-
up of 32 months, the 2-year OS rate reached 78%, compared
favorably with the historical control of RT alone (45%) (81).
Another study retrospectively analyzed 150 localized ENKL
patients who also received RT concurrently with DeVIC and
demonstrated an observed 5-year OS and PFS rate of 72 and
61%, respectively. Adverse effect of the RT-DeVIC regimen were
comparable in these two studies, and grade 3 and 4 leukopenia
and neutropenia, grade 3 mucositis relating to radiation were the
most common toxicity (65).

CCRT (40–52.8Gy of radiation and cisplatin) followed by
three cycles of VIPD (etoposide, ifosfamide, cisplatin, and
dexamethasone) was tested in a phase II trial for patients with
stage I/II ENKL patients. The ORR and CR rate were 83 and 80%,
respectively, and their estimated 3-year OS and PFS rates were 86
and 85%, respectively. Grade 4 neutropenia occurred in 12 of the
29 patients even though doses-reduction of ifosfamide was used
in this trial (82).

In one retrospective study, RT (40Gy) in combination with
the ESHAP (etoposide, steroid, high-dose Ara-C, and platinum)
regimen were simultaneously delivered during a CCRT induction
phase, followed by a consolidation phase with another 2-3 cycle
of ESHAP chemotherapy alone. All the 13 patients responded
effectively. At the end of the treatment, CR was achieved in 12/13
(92%) patients and with a median follow-up of 38 months, the
2-year OS rate reached 72%. However, 12 of the 13 patients
experienced grade 3–4 hematological toxicity, and secondary
malignancy was observed in 2 patients during follow up possibly
due to RT (83).

A new intramaxillary arterial infusion chemotherapy of
MPVIC-P (ifosfamide, carboplatin, methotrexate, peplomycin,
and etoposide), was administered with concomitant local RT
for early stage ENKL. Compared with systemic administration,
intra-arterial chemotherapy showed higher drug concentrations
and fewer complications. All of the 12 patients achieved CR, and
their serum EBV-DNA copy numbers decreased to below the
detectable levels (84).

Other protocols such as CCRT with MIDLE (methotrexate,
etoposide, dexamethasone, and L-asparaginase) regimen (85),
CCRT followed by VIDL (etoposide, ifosfamide, dexamethasone
and L-asparaginase) (86) or LVDP (L-asparaginase, cisplatin,
etoposide and dexamethasone) (87) or GDP (gemcitabine,
dexamethasone and cisplatin) (88), have also demonstrated
certain extent of curative effect for localized ENKL and are
summarized inTable 2. Nevertheless, high disease progression or
refractory rates and hematologic toxicity were commonly found
in those studies.

Advanced and Relapsed/Refractory
NK/T-Cell Lymphoma
Chemotherapy
The current treatment consisting of non-anthracycline-based
chemotherapy followed by or in combination with RT has
improved the outcomes of localized ENKL patients. However,
patients with advanced disease still face the risk of progression
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TABLE 2 | Selected clinical studies on the radiotherapy and chemotherapy of ENKL.

Stage Protocol Study No. Treatment Mid. follow-up,

month

ORR (%) CR (%) OS% PFS%

I/II Chemotherapy + RT +

chemotherapy

Prospective (78) 26 RT with LVP 27 89 81 89% (2y) 81% (2y)

I/II Chemotherapy + RT +

chemotherapy

Prospective (79) 27 RT with GELOX 27 96 74 86% (2y) 86% (2y)

I/II RT + chemotherapy Retrospective (80) 44 RT + GDP 38 95 89 85% (3y) 77% (3y)

I/II CCRT Prospective (81) 27 RT + DeVIC 32 81 77 78% (2y) NA

I/II CCRT Retrospective (65) 150 RT + DeVIC 67 89 82 72% (5y) 61% (5y)

I/II CCRT + chemotherapy Prospective (82) 30 CCRT + VIPD NA 83 80 86% (3y) 85% (3y)

I/II CCRT + chemotherapy Retrospective (83) 13 CCRT + ESHAP 38 100 92 72%(2y) 90%(2y)

I/II CCRT + chemotherapy Prospective (86) 30 CCRT + VIDL 44 NA 87 73% (5y) 60% (5y)

I/II CCRT + chemotherapy Prospective (87) 66 CCRT + LVDP 24 86 83 70% (3y) 67% (3y)

I/II CCRT + chemotherapy Prospective (88) 28 CCRT + GDP 38 91 84 88% (3y) 84% (3y)

I/II CCRT Retrospective (84) 12 RT with

MPVIC-P

– 100 100 – –

Advanced and rel/ref Chemotherapy Prospective (89) 38 SMILE 24 79 45 55% (1y) 53% (1y)

Advanced and rel/ref Chemotherapy Prospective (90) 86 SMILE 31 81 66 50% (5y) 64% (4y)

Advanced and rel/ref Chemotherapy Retrospective (91) 13 MEDA NA 77 62 69% (1y) 62% (1y)

Advanced and rel/ref Chemotherapy Retrospective (92) 24 P-GEMOX 28 80 51 39% (3y) 65% (3y)

Advanced and rel/ref Chemotherapy Retrospectively (93) 41 GDP 16 83 42 73% (1y) 55% (1y)

Mid, median; ORR, overall response rate; CR, complete response; OS, overall survival; PFS, progression-free survival; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; NA, not

available; rel/ref, relapsed/refractory.

or relapse after initial treatment. And those relapsed/refractory
patients always have unfavorable outcomes.

Several studies have identified significant benefit of L-
asparaginase-containing chemotherapeutic regimens to clinical
outcome in ENKL, and consider it as the current optimal
treatment for salvage therapy (94–96). A novel L-asparaginase-
containing chemotherapeutic regimen SMILE (dexamethasone,
methotrexate, ifosfamide, L-asparaginase, and etoposide) has
shown great efficacy and is recommended as the first-line
therapy for both localized and advanced ENKL patients (97).
In a phase II study enrolling 38 patients, in which 20 of
them had newly diagnosed stage IV disease, 14 were in their
first relapse, and 4 were in primary refractory state, were
all prescribed the SMILE chemotherapy. After two cycles, the
results showed an ORR of 79% with a CR rate of 45%. No
differences were found in either the ORR or CR rate between
patients with newly diagnosed stage IV disease and those with
first-relapse disease. The major toxicity, Grade 4 neutropenia,
was observed in 92% of the patients. After a median follow-
up of 24 months, the 1-year OS and PFS rates were 55
and 53%, respectively (89). To identify the efficacy and safety
of this regimen, 87 patients (43 newly diagnosed advanced
patients and 44 relapsed/refractory patients) of an unselected
cohort were treated with the SMILE regimen, demonstrated an
ORR of 78% (81% of the advanced disease and 75% of the
relapsed/refractory, respectively) in an interim analysis. After
confirmation of CR at interim analysis, 19 patients received
sequential RT. On completion of treatment, the ORR rate was
increased from 66 to 81% (84% of the advanced disease and
77% of the relapsed/refractory, respectively). Significant toxicities

included grade 3/4 neutropenia, grade 3/4 thrombocytopenia,
and nephrotoxicity (90).

Another new chemotherapeutic regimen DDGP (cisplatin,
dexamethasone, gemcitabine, and pegaspargase), was established
for newly diagnosed advanced ENKL patients. Pegaspargase, an
E.coli-derived L-asparaginase that has previously shown lower
toxicity, was given to those patients as a substitution of L-
asparaginase. In order to assess the efficacy and toxicity of the
DDGP and SMILE regimen in newly diagnosed advanced ENKL,
a randomized controlled, multicenter study was conducted in
China. It indicated that DDGP improved efficacy and reduced
toxicity compared with the SMILE group, the DDGP group
demonstrated better ORR (95 vs. 67%), CR (71 vs. 29%), and PR
(24 vs. 38%) rates. And the OS and PFS in the DDGP group were
also significantly better than the SMILE group: 86 vs. 38% for
the 1-year PFS and 74 vs. 45% for the 2-year OS, respectively.
For the adverse effect, there were more instances of grade 3/4
leukopenia and grades 3/4 allergy in the SMILE group. However,
grade 3/4 anemia was more common in the DDGP group than in
the SMILE group (98).

Another L-asparaginase-containing regimen AspaMetDex
(L-asparaginase, methotrexate, and dexamethasone) has also
shown satisfactory result in relapsed/refractory patients. After
3 cycles of AspaMetDex chemotherapy, 11 of the 18 (61%)
evaluable patients reached CR, and the median OS and PFS
were both 12 months, respectively. Neutropenia, hepatitis,
anemia, and allergy was common during the protocol (94).
Moreover, the combination regimen of gemcitabine, oxaliplatin,
and pegaspargase (P-gemox) was investigated in 35 patients
with advanced, relapsed/refractory ENKL. On completion of
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the treatment, the ORR was 80%, with an observed CR in
51% of the patients. The major drug-related toxicity were
hematologic toxicity and liver dysfunction. APTT elongation
and hypoalbuminemia could also be frequently detected (92).
Regimens like MEDA (methotrexate, etoposide, dexamethasone,
and pegaspargase) (91) or GDP (gemcitabine, dexamethasone,
and cisplatin) (93) have also shown efficacy for advanced,
relapsed/refractory ENKL and details are shown in Table 2.

In conclusion, there are some chemotherapeutic options
for advanced, relapsed/refractory patients, but no standard
treatment has been established and the overall survival of
advanced and relapsed/refractory patients is relatively poor. In
consideration of all those adverse effects due to the current
therapy, further research is required to validate the efficacy and
tolerance in an expanded number of patients.

Hematopoietic Stem Cell Transplantation
Hematopoietic stem cell transplantation (HSCT) has shown
excellent advantage in improving long-term survival of leukemia
and lymphoma patients, whereas the experience regarding HSCT
in ENKL is still limited (Table 3).

According to the reported database of the Center for
International Blood and Marrow Transplant Research
(CIBMTR), the treatment data of 82 patients with ENKL
who underwent allogeneic HSCT were first reviewed, and after a
median follow-up of 36 months, their 3-year PFS and OS were
34 and 28%, respectively. Non-relapse mortality (NRM) and
3-year relapse rate were 30 and 42%, respectively. No relapses
were observed after 2-year. Up to the last follow-up, lymphoma
relapse or progression was the most common cause of death
(102). Another study analyzed 18 patients with ENKL who
underwent allogeneic HSCT. After a median follow-up of 21
months, the 5-year OS and 5-year event-free survival (EFS) was
57 and 51%, respectively. Pre-treatment with the SMILE regimen
was observed as a positive prognostic indicator for superior OS
and EFS. However, the occurrence of acute graft-vs.-host disease
(GVHD) was correlated with a poor OS (101).

In a retrospective study enrolling 80 ENKL patients, 20
of them were given induction chemotherapy followed by
autologous HSCT and the remaining 60 received induction
chemotherapy, which were selected as the control group. The
five-year OS between the two groups demonstrated a significant
difference, 79 vs. 52%, respectively, suggesting that treatment
of chemoradiotherapy with autologous HSCT improve the
outcome of ENKL patients compared to that without autologous
HSCT (100). In another study which included 62 patients who
underwent autologous HSCT after primary therapy, the pre-
transplant responses showed a CR of 61% and PR of 39%, and
after the transplantation, the CR was increased to 78%. The 3-
year PFS and OS were 52 and 60%, respectively. Patients with
limited disease showed better 3-year PFS and OS than those with
advanced disease (99).

The American Society for Blood andMarrow Transplantation
recommend allogeneic HSCT as a consolidation for disseminated
ENKL, and both allogeneic HSCT and autologous HSCT
are recommended for relapsed-sensitive ENKL in localized
as well as disseminated patients. However, any HSCTs are

not recommended as a first-line therapeutic management for
localized ENKL (104).

Immunotherapy
Outcomes of advanced and relapsed or refractory patients
has been improved since the application of traditional L-
asparaginase-containing chemotherapy, however, the CR rates
still ranges between 50 and 60%, with short OS and PFS
time. Thus, novel strategies are required to change the
current treatment-outcome situation. The application of immune
checkpoint blockades has proved to reduce the growth of a
variety of tumor cells, and updates the treatment modality of
current oncotherapy (Figure 2).

Programmed death receptor 1 (PD-1) is an inhibitory receptor
expressed on the surface of activated T cells, and its ligand
programmed death protein ligand 1 (PDL1) is found highly
expressed in various tumor cells. Interaction of PD-1 with
PDL1 inhibits T-cell activation and proliferation, and help tumor
cells to escape from immune surveillance, thus making PD-
1/PDL1 axis an immune checkpoint to suppress anti-tumor
immunity (23). Therapies with antibodies targeting PD-1 and
its ligands have shown satisfactory outcomes in various cancers.
As for ENKL, pembrolizumab, an anti-PD1 antibody, was tested
in 7 relapsed patients who failed to respond to previous L-
asparaginase regimens. After a median of 7 cycles of the
treatment, 5 of the patients achieved CR and 2 of the patients
achieved PR. The ORR was 100%, showing a high sensitivity to
anti-PD1 antibody (105). Another 7 patients with ENKL who
failed upon treatment with previous chemotherapies were also
treated with pembrolizumab, but only 4 patients responded (CR
= 2, PR= 2, 57%), even though, the result was still considered as
satisfactory (106). Nivolumab, another anti-PD1 antibody, also
showed efficacy in clinical practice. Toxicity typically associated
with anti-PD1 antibodies was not observed, but two patients
developed grade 1 cytokine release syndrome and tumor lysis
syndrome due to high sensitivity to the drug (107).

Adoptive immunotherapy with LMP-specific cytotoxic T
cells (CTLs) were designed to target LMP on ENKL cells
(108). To evaluate the efficacy and safety of this treatment,
10 ENKL patients previously achieving CR were treated with
LMP-1 specific CTLs. No immediate or delayed toxicities were
observed. After a median follow-up of 55.5 months, the 4-year
OS and PFS were 100 and 90%, respectively (109). Promising
therapeutic options efficaciously inhibiting the release of TNF-
α and IFN-γ like dexamethasone and thalidomide will be an
important step to take immunosuppressive agents further into
the treatment of ECSIT-V140A-associated NK/T-LAHPS (24).
Anti-CD38 antibody, daratumumab, which has been approved
for use in multiple myeloma patients, has also shown efficacy in
ENKL patient. In one case, after failure to response to CCRT,
asparaginase–based consolidation chemotherapy and allogeneic
HSCT, a relapsed, refractory woman with ENKL was given
daratumumab. After completion of the treatment, she achieved
a remission lasting for 21 weeks. However, larger trials are still
required for a more comprehensive assessment of the efficacy and
safety of this strategy (110).
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TABLE 3 | Selected studies of autologous and allogeneic HSCT for ENKL patients.

HSCT Study

design

No. First-line therapy Disease stage Mid. follow-up,

month

OS% PFS% TRM%

Autologous HSCT Retrospective (99) 62 Noneanthracycline-

based

n = 51 (82%)

Localized (n = 31)

Advanced (n = 31)

43 68 (3y)

52 (3y)

65 (3y)

40 (3y)

3.2

Retrospective (36) 28 Asparaginase-

containing

n = 6 (21%)

Localized (n = 16)

Advanced (n = 10)

Unknown (n = 2)

33 52 (2y) 41 (2y) 11* (1y)

22* (2y)

Prospective (100) 80 Asparaginase-

containing

n = 80

Autologous HSCT

(n = 20)

Controls (n = 60)

80 79 vs. 52%,

p = 0.026 (5y)

NA 0

Allogeneic HSCT Retrospective (101) 18 SMILE (78%) Localized (n = 5)

Advanced (n = 13)

21 57 (5y) 51 (5y) 22

Retrospective (102) 82 SMILE (15%) Localized (n = 35)

Advanced (n = 22)

Unknown (n = 25)

36 34 (3y) 28 (3y) 30*

Retrospective (103) 12 NA Advanced (n = 12) 16 55 (3y) 53 (3y#) 8.3

HSCT, hematopoietic stem cell transplantation; Mid, median; TRM, transplantation - related mortality; *NRM, non-relapse Mortality; NA, not available; #EFS, event-free survival.

Other New Drugs
Identifying mutations that affect their functions is key to
the development of targeted, personalized therapies. Notably,
persistent activation of JAK-STAT3 resulting from activated
mutations may evolve in the pathogenesis of ENKL, and deserves
to be investigated as a potential therapeutic target.

JAK inhibitor, which interrupt JAK-STAT pathway, have
shown satisfactory therapeutic efficacy in vitro with STAT3
and STAT5 mutated cells (35). Downstream effector proteins
of phosphorylated STAT3 and STAT5 could be shapely
downregulated through hyperactivated JAK3-STAT-mediated
signaling cascade. CP-690550, a novel JAK3 inhibitor, was
reported to result in a dose-dependent downregulation of
phosphorylated JAK, to reduce cell growth and to induce
apoptosis in JAK3-mutant ENKL cell lines (34). It inhibited the
tumor cell growth in the human ENKL as well as xenograft
mouse model harboring JAK3 activating mutation (33). Small-
molecule inhibitor PRN371 was a highly selective JAK3 inhibitor.
It showed longer-lasting effect compared with tofacitinib, which
functioned as a pan-JAK inhibitor (50). Nowadays, JAK inhibitor
that approved by FDA is available for clinical trials in ENKL
patients, while STAT3 and STAT5B inhibitors are clinically
available but still not approved by FDA. However, the efficacy of
JAK/STAT inhibitors has not yet been verified in clinical trials.
In addition, the pan-JAK inhibiting activity of tofacitinib and
CP-690550 has limited their clinical utilization in cancer therapy.

Bortezomib, a potent and reversible proteasome inhibitor
which has shown efficacy in preclinical models of ENKL
in vitro, is under evaluation in a phase II trial. Seven
newly diagnosed ENKL patients received bortezomib-GIFOX
(gemcitabine, ifosfamide, oxaliplatin) regimen and achieved an
ORR of 43%, although the median PFS was only∼4 months (51).

At present, drugs targeting of EZH2 show great potential for
better treatment patterns of cancers. Data shown above indicates
that targeting EZH2 may have therapeutic prospect in ENKL.
GSK126, a highly selective inhibitor of EZH2, markedly inhibits
the growth of EZH2 mutant DLBCL cell lines and DLBCL
xenografts (52). Currently, more studies are needed to verified

GSK126’s efficacy in ENKL. Another new drug, romidepsin, a
histone deacetylase (HDAC) inhibitor, failed to show favorable
result in ENKL because of EBV’s reactivation, thought it has been
approved for relapsed or refractory peripheral T-cell lymphoma
(111, 112).

CONCLUSION AND PROSPECT

In the last decades, the recognition and treatment outcomes for
NK/T-cell lymphomas have shown notable achievements. Since
the identification of genetic alterations has shed light on the
molecular pathogenesis of this disease, potential targeted specific
strategies are to be established for clinical application.

Non-anthracycline and L-asparaginase containing
chemotherapy regimens have devoted predominant efforts
in the current ENKL treatment. Immune checkpoint inhibitors
and small-molecule inhibitors have also shown bright prospect as
future therapeutics. Patients who demonstrate a CR to treatment
have been observed to have better PFS than those who did
not, reversely, those who failed to reach CR may face multiple
drug resistance and a shorter survival time. How to choose the
optimal regimen and how to improve long-term survival of
ENKL patients are still challenges that are to be fully addressed,
and thus, continued study are urged to identify better pathogenic
mechanism, prognostic factors, and novel strategies.

AUTHOR CONTRIBUTIONS

QC, JC, YF, and KY wrote and approved the final version of
this manuscript.

FUNDING

This work was supported by the National Natural Science
Foundation of China (Grant Nos. 81672686, 81372883), Natural
Science Foundation of Guangdong Province, China (2015A03
0313020), Young Talents Key Project of Sun Yat-sen University
(2015ykzd13).

Frontiers in Oncology | www.frontiersin.org 10 May 2019 | Volume 9 | Article 386

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Cai et al. Epstein-Barr Virus-Positive Natural Killer/T-Cell Lymphoma

REFERENCES

1. Chim CS, Ooi GC, Shek TW, Liang R, Kwong YL. Lethal midline granuloma

revisited: nasal T/Natural-killer cell lymphoma. J Clin Oncol. (1999) 17:1322–

5. doi: 10.1200/jco.1999.17.4.1322

2. Harabuchi Y, Takahara M, Kishibe K, Moriai S, Nagato T, Ishii

H. Nasal natural killer (NK)/T-cell lymphoma: clinical, histological,

virological, and genetic features. Int J Clin Oncol. (2009) 14:181–

90. doi: 10.1007/s10147-009-0882-7

3. Harabuchi Y, Yamanaka N, Kataura A, Imai S, Kinoshita T, Mizuno F, et al.

Epstein-Barr virus in nasal T-cell lymphomas in patients with lethal midline

granuloma. Lancet. (1990) 335:128–30.

4. Chan JK, Tsang WY, Ng CS. Clarification of CD3 immunoreactivity in nasal

T/natural killer cell lymphomas: the neoplastic cells are often CD3 epsilon+.

Blood. (1996) 87:839–41.

5. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, et al. WHO

Classification of Tumours of Haematopoietic and Lymphoid Tissues. 4th ed.

Lyon: IARC (2017).

6. Jones JF, Shurin S, Abramowsky C, Tubbs RR, Sciotto CG, Wahl R,

et al. T-cell lymphomas containing Epstein-Barr viral DNA in patients

with chronic Epstein-Barr virus infections. N Engl J Med. (1988) 318:733–

41. doi: 10.1056/nejm198803243181203

7. Peng RJ, Han BW, Cai QQ, Zuo XY, Xia T, Chen JR, et al. Genomic and

transcriptomic landscapes of Epstein-Barr virus in extranodal natural killer

T-cell lymphoma. Leukemia. (2018). doi: 10.1038/s41375-018-0324-5. [Epub

ahead of print].

8. Cai Q, Chen K, Young KH. Epstein-Barr virus-positive T/NK-

cell lymphoproliferative disorders. Exp Mol Med. (2015)

47:e133. doi: 10.1038/emm.2014.105

9. Ressing ME, van Gent M, Gram AM, Hooykaas MJ, Piersma SJ, Wiertz EJ.

Immune evasion by Epstein-Barr virus. Curr Top Microbiol Immunol. (2015)

391:355–81. doi: 10.1007/978-3-319-22834-1_12

10. Cohen JI. Epstein-Barr virus infection. N Engl J Med. (2000) 343:481–

92. doi: 10.1056/nejm200008173430707

11. Grywalska E, Markowicz J, Grabarczyk P, Pasiarski M, Rolinski J. Epstein-

Barr virus-associated lymphoproliferative disorders. Postepy Hig Med Dosw.

(2013) 67:481–90. doi: 10.5604/17322693.1050999

12. Sun L, Zhao Y, Shi H, Ma C, Wei L. LMP-1 induces survivin expression

to inhibit cell apoptosis through the NF-kappaB and PI3K/Akt signaling

pathways in nasal NK/T-cell lymphoma. Oncol Rep. (2015) 33:2253–

60. doi: 10.3892/or.2015.3847

13. Sun L, Zhao Y, Shi H, Ma C, Wei L. LMP1 promotes nasal NK/T-cell

lymphoma cell function by eIF4E via NF-kappaB pathway.Oncol Rep. (2015)

34:3264–71. doi: 10.3892/or.2015.4305

14. Huang Y, de Reynies A, de Leval L, Ghazi B, Martin-Garcia N, Travert

M, et al. Gene expression profiling identifies emerging oncogenic pathways

operating in extranodal NK/T-cell lymphoma, nasal type. Blood. (2010)

115:1226–37. doi: 10.1182/blood-2009-05-221275

15. Bi XW, Wang H, Zhang WW, Wang JH, Liu WJ, Xia ZJ, et al. PD-

L1 is upregulated by EBV-driven LMP1 through NF-kappaB pathway and

correlates with poor prognosis in natural killer/T-cell lymphoma. J Hematol

Oncol. (2016) 9:109. doi: 10.1186/s13045-016-0341-7

16. Song TL, Nairismagi ML, Laurensia Y, Lim JQ, Tan J, Li ZM,

et al. Oncogenic activation of the STAT3 pathway drives PD-L1

expression in natural killer/T-cell lymphoma. Blood. (2018) 132:1146–

58. doi: 10.1182/blood-2018-01-829424

17. Wang L, Bi XW, Zhu YJ, He YZ, Lai QY, Xia ZJ, et al. IL-2Ralpha

up-regulation is mediated by latent membrane protein 1 and promotes

lymphomagenesis and chemotherapy resistance in natural killer/T-cell

lymphoma. Cancer Commun. (2018) 38:62. doi: 10.1186/s40880-018-

0334-8

18. Li Z, Xia Y, Feng LN, Chen JR, Li HM, Cui J, et al. Genetic risk of extranodal

natural killer T-cell lymphoma: a genome-wide association study. Lancet

Oncol. (2016) 17:1240–7. doi: 10.1016/s1470-2045(16)30148-6

19. Cantor H, Rajewsky K, Wucherpfennig KW, Zhang B, Winter S, Martin

E, et al. Loss of RASGRP1 in humans impairs T-cell expansion leading to

Epstein-Barr virus susceptibility. Proc Natl Acad Sci USA. (2018) 10:188–

99. doi: 10.1073/pnas.171360711510.15252/emmm.201708292

20. Shabani M, Nichols KE, Rezaei N. Primary immunodeficiencies associated

with EBV-Induced lymphoproliferative disorders. Crit Rev Oncol Hematol.

(2016) 108:109–27. doi: 10.1016/j.critrevonc.2016.10.014

21. Vockerodt M, Yap LF, Shannon-Lowe C, Curley H, Wei W, Vrzalikova K,

et al. The Epstein-Barr virus and the pathogenesis of lymphoma. J Pathol.

(2015) 235:312–22. doi: 10.1002/path.4459

22. Ishii H, Takahara M, Nagato T, Kis LL, Nagy N, Kishibe K, et al. Monocytes

enhance cell proliferation and LMP1 expression of nasal natural killer/T-cell

lymphoma cells by cell contact-dependent interaction through membrane-

bound IL-15. Int J Cancer. (2012) 130:48–58. doi: 10.1002/ijc.25969

23. Boussiotis VA. Molecular and biochemical aspects of the PD-1 checkpoint

pathway. N Engl J Med. (2016) 375:1767–78. doi: 10.1056/NEJMra1514296

24. Wen H, Ma H, Cai Q, Lin S, Lei X, He B, et al. Recurrent ECSIT mutation

encoding V140A triggers hyperinflammation and promotes hemophagocytic

syndrome in extranodal NK/T cell lymphoma. Nat Med. (2018) 24:154–64.

doi: 10.1186/s13045-018-0559-710.1038/nm.4456

25. Karube K, NakagawaM, Tsuzuki S, Takeuchi I, Honma K, Nakashima Y, et al.

Identification of FOXO3 and PRDM1 as tumor-suppressor gene candidates

in NK-cell neoplasms by genomic and functional analyses. Blood. (2011)

118:3195–204. doi: 10.1182/blood-2011-04-346890

26. Sako N, Dessirier V, Bagot M, Bensussan A, Schmitt C. HACE1, a potential

tumor suppressor gene on 6q21, is not involved in extranodal natural

killer/T-cell lymphoma pathophysiology. Am J Pathol. (2014) 184:2899–

907. doi: 10.1016/j.ajpath.2014.07.011

27. Iqbal J, Kucuk C, Deleeuw RJ, Srivastava G, TamW, Geng H, et al. Genomic

analyses reveal global functional alterations that promote tumor growth and

novel tumor suppressor genes in natural killer-cell malignancies. Leukemia.

(2009) 23:1139–51. doi: 10.1038/leu.2009.3

28. Ko YH, Choi KE, Han JH, Kim JM, Ree HJ. Comparative genomic

hybridization study of nasal-type NK/T-cell lymphoma. Cytometry. (2001)

46:85–91. doi: 10.1002/cyto.1069

29. Wu DW, Lee MC, Wang J, Chen CY, Cheng YW, Lee H. DDX3 loss by p53

inactivation promotes tumor malignancy via the MDM2/Slug/E-cadherin

pathway and poor patient outcome in non-small-cell lung cancer. Oncogene.

(2013) 33:1515. doi: 10.1038/onc.2013.107

30. Jiang L, Gu ZH, Yan ZX, Zhao X, Xie YY, Zhang ZG, et al. Exome sequencing

identifies somatic mutations of DDX3X in natural killer/T-cell lymphoma.

Nat Genet. (2015) 47:1061–6. doi: 10.1038/ng.3358

31. Wu DW, Liu WS, Wang J, Chen CY, Cheng YW, Lee H.

Reduced p21(WAF1/CIP1) via alteration of p53-DDX3 pathway

is associated with poor relapse-free survival in early-stage human

papillomavirus-associated lung cancer. Clin Cancer Res. (2011)

17:1895–905. doi: 10.1158/1078-0432.ccr-10-2316

32. Lu L, Zhu J, Zheng Z, Yan M, Xu W, Sun L, et al. Jak-STAT pathway

is involved in the induction of TNF-beta gene during stimulation

by IL-2. Eur J Immunol. (1998) 28:805–10. doi: 10.1002/(sici)1521-

4141(199803)28:03<805::aid-immu805>3.0.co;2-g

33. Bouchekioua A, Scourzic L, de Wever O, Zhang Y, Cervera P, Aline-Fardin

A, et al. JAK3 deregulation by activating mutations confers invasive growth

advantage in extranodal nasal-type natural killer cell lymphoma. Leukemia.

(2014) 28:338–48. doi: 10.1038/leu.2013.157

34. Koo GC, Tan SY, Tang T, Poon SL, Allen GE, Tan L, et al. Janus kinase

3-activating mutations identified in natural killer/T-cell lymphoma. Cancer

Discov. (2012) 2:591–7. doi: 10.1158/2159-8290.cd-12-0028

35. Kucuk C, Jiang B, Hu X, Zhang W, Chan JK, Xiao W, et al. Activating

mutations of STAT5B and STAT3 in lymphomas derived from gammadelta-T

or NK cells. Nat Commun. (2015) 6:6025. doi: 10.1038/ncomms7025

36. Chen YW, Guo T, Shen L, Wong KY, Tao Q, Choi WW, et al. Receptor-type

tyrosine-protein phosphatase kappa directly targets STAT3 activation for

tumor suppression in nasal NK/T-cell lymphoma. Blood. (2015) 125:1589–

600. doi: 10.1182/blood-2014-07-588970

37. Ng SB, Selvarajan V, Huang G, Zhou J, Feldman AL, Law M, et al. Activated

oncogenic pathways and therapeutic targets in extranodal nasal-type NK/T

cell lymphoma revealed by gene expression profiling. J Pathol. (2011)

223:496–510. doi: 10.1002/path.2823

38. Vire E, Brenner C, Deplus R, Blanchon L, Fraga M, Didelot C, et al. The

Polycomb group protein EZH2 directly controls DNA methylation. Nature.

(2006) 439:871–4. doi: 10.1038/nature04431

Frontiers in Oncology | www.frontiersin.org 11 May 2019 | Volume 9 | Article 386

https://doi.org/10.1200/jco.1999.17.4.1322
https://doi.org/10.1007/s10147-009-0882-7
https://doi.org/10.1056/nejm198803243181203
https://doi.org/10.1038/s41375-018-0324-5
https://doi.org/10.1038/emm.2014.105
https://doi.org/10.1007/978-3-319-22834-1_12
https://doi.org/10.1056/nejm200008173430707
https://doi.org/10.5604/17322693.1050999
https://doi.org/10.3892/or.2015.3847
https://doi.org/10.3892/or.2015.4305
https://doi.org/10.1182/blood-2009-05-221275
https://doi.org/10.1186/s13045-016-0341-7
https://doi.org/10.1182/blood-2018-01-829424
https://doi.org/10.1186/s40880-018-0334-8
https://doi.org/10.1016/s1470-2045(16)30148-6
https://doi.org/10.1073/pnas.171360711510.15252/emmm.201708292
https://doi.org/10.1016/j.critrevonc.2016.10.014
https://doi.org/10.1002/path.4459
https://doi.org/10.1002/ijc.25969
https://doi.org/10.1056/NEJMra1514296
https://doi.org/10.1186/s13045-018-0559-710.1038/nm.4456
https://doi.org/10.1182/blood-2011-04-346890
https://doi.org/10.1016/j.ajpath.2014.07.011
https://doi.org/10.1038/leu.2009.3
https://doi.org/10.1002/cyto.1069
https://doi.org/10.1038/onc.2013.107
https://doi.org/10.1038/ng.3358
https://doi.org/10.1158/1078-0432.ccr-10-2316
https://doi.org/10.1002/(sici)1521-4141(199803)28:03<805::aid-immu805>3.0.co;2-g
https://doi.org/10.1038/leu.2013.157
https://doi.org/10.1158/2159-8290.cd-12-0028
https://doi.org/10.1038/ncomms7025
https://doi.org/10.1182/blood-2014-07-588970
https://doi.org/10.1002/path.2823
https://doi.org/10.1038/nature04431
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Cai et al. Epstein-Barr Virus-Positive Natural Killer/T-Cell Lymphoma

39. Yan J, Ng SB, Tay JL, Lin B, Koh TL, Tan J, et al. EZH2 overexpression

in natural killer/T-cell lymphoma confers growth advantage

independently of histone methyltransferase activity. Blood. (2013)

121:4512–20. doi: 10.1182/blood-2012-08-450494

40. Yan J, Li B, Lin B, Lee PT, Chung TH, Tan J, et al. EZH2 phosphorylation

by JAK3 mediates a switch to noncanonical function in natural killer/T-cell

lymphoma. Blood. (2016) 128:948–58. doi: 10.1182/blood-2016-01-690701

41. Ito Y. Oncogenic potential of the RUNX gene family: ’overview’. Oncogene.

(2004) 23:4198–208. doi: 10.1038/sj.onc.1207755

42. Ito Y. RUNX genes in development and cancer: regulation of viral gene

expression and the discovery of RUNX family genes. Adv Cancer Res. (2008)

99:33–76. doi: 10.1016/s0065-230x(07)99002-8

43. Selvarajan V, Osato M, Nah GSS, Yan J, Chung TH, Voon DC, et al. RUNX3

is oncogenic in natural killer/T-cell lymphoma and is transcriptionally

regulated by MYC. Leukemia. (2017) 31:2219–27. doi: 10.1038/leu.2017.40

44. Kucuk C, Hu X, Jiang B, Klinkebiel D, Geng H, Gong Q, et al. Global

promoter methylation analysis reveals novel candidate tumor suppressor

genes in natural killer cell lymphoma. Clin Cancer Res. (2015) 21:1699–

711. doi: 10.1158/1078-0432.ccr-14-1216

45. Dobashi A, Tsuyama N, Asaka R, Togashi Y, Ueda K, Sakata S, et al. Frequent

BCOR aberrations in extranodal NK/T-Cell lymphoma, nasal type. Genes

Chromosomes Cancer. (2016) 55:460–71. doi: 10.1002/gcc.22348

46. Ng SB, Yan J, Huang G, Selvarajan V, Tay JL, Lin B, et al.

Dysregulated microRNAs affect pathways and targets of biologic

relevance in nasal-type natural killer/T-cell lymphoma. Blood. (2011)

118:4919–29. doi: 10.1182/blood-2011-07-364224

47. Huang Y, de Leval L, Gaulard P. Molecular underpinning of extranodal

NK/T-cell lymphoma. Best Pract Res Clin Haematol. (2013) 26:57–

74. doi: 10.1016/j.beha.2013.04.006

48. Zhang Z, Liang L, Li D, Nong L, Liu J, Qu L, et al. Hypermethylation of

PRDM1/Blimp-1 promoter in extranodal NK/T-cell lymphoma, nasal type:

an evidence of predominant role in its downregulation. Hematol Oncol.

(2017) 35:645–54. doi: 10.1002/hon.2362

49. Sim SH, Kim S, Kim TM, Jeon YK, Nam SJ, Ahn YO, et al. Novel JAK3-

activating mutations in extranodal NK/T-cell lymphoma, nasal type. Am J

Pathol. (2017) 187:980–6. doi: 10.1016/j.ajpath.2017.01.004

50. Nairismagi M, Gerritsen ME, Li ZM, Wijaya GC, Chia BKH,

Laurensia Y, et al. Oncogenic activation of JAK3-STAT signaling

confers clinical sensitivity to PRN371, a novel selective and potent

JAK3 inhibitor, in natural killer/T-cell lymphoma. Leukemia. (2018)

32:1147–56. doi: 10.1038/s41375-017-0004-x

51. Tang T, Tay K, Tao M, Quek RHH, Farid M, Lim ST. A phase II study of

bortezomib-GIFOX (Gemcitabine, Ifosfamide, Oxaliplatin) in patients with

newly diagnosed natural-killer/T-cell lymphoma. Blood. (2016) 128:5353.

Available online at: http://www.bloodjournal.org/content/128/22/5353?sso-

checked=true

52. Kim SJ, Hong M, Do IG, Lee SH, Ryu KJ, Yoo HY, et al. Serum

survivin and vascular endothelial growth factor in extranodal NK/T-

cell lymphoma, nasal type: implications for a potential new prognostic

indicator. Haematologica. (2015) 100:e106–9. doi: 10.3324/haematol.2014.

116087

53. McCabe MT, Ott HM, Ganji G, Korenchuk S, Thompson C, Van Aller

GS, et al. EZH2 inhibition as a therapeutic strategy for lymphoma with

EZH2-activating mutations. Nature. (2012) 492:108–12. doi: 10.1038/nature

11606

54. Paik JH, Jang JY, Jeon YK, Kim WY, Kim TM, Heo DS, et al. MicroRNA-

146a downregulates NFkappaB activity via targeting TRAF6 and functions

as a tumor suppressor having strong prognostic implications in NK/T cell

lymphoma. Clin Cancer Res. (2011) 17:4761–71. doi: 10.1158/1078-0432.ccr-

11-0494

55. Komabayashi Y, Kishibe K, Nagato T, Ueda S, Takahara M, Harabuchi Y.

Downregulation of miR-15a due to LMP1 promotes cell proliferation and

predicts poor prognosis in nasal NK/T-cell lymphoma.Am J Hematol. (2014)

89:25–33. doi: 10.1002/ajh.23570

56. Tse E, Kwong YL. The diagnosis and management of NK/T-cell lymphomas.

J Hematol Oncol. (2017) 10:85. doi: 10.1186/s13045-017-0452-9

57. Huang Y, Jia B, Jiang S, Zhou S, Yang J, Liu P, et al. Different clinical

characteristics and treatment strategies for patients with localized sinonasal

diffuse large B cell lymphoma and extranodal NK/T cell lymphoma. J

Hematol Oncol. (2017) 10:7. doi: 10.1186/s13045-016-0368-9

58. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, et al.

Recommendations for initial evaluation, staging, and response assessment

of Hodgkin and non-Hodgkin lymphoma: the Lugano classification. J Clin

Oncol. (2014) 32:3059–68. doi: 10.1200/jco.2013.54.8800

59. Kim SJ, Choi JY, Hyun SH, Ki CS, Oh D, Ahn YC, et al. Risk stratification on

the basis of Deauville score on PET-CT and the presence of Epstein-Barr

virus DNA after completion of primary treatment for extranodal natural

killer/T-cell lymphoma, nasal type: a multicentre, retrospective analysis.

Lancet Haematol. (2015) 2:e66–74. doi: 10.1016/s2352-3026(15)00002-2

60. Kwong YL, Pang AW, Leung AY, Chim CS, Tse E. Quantification of

circulating Epstein-Barr virus DNA in NK/T-cell lymphoma treated with the

SMILE protocol: diagnostic and prognostic significance. Leukemia. (2014)

28:865–70. doi: 10.1038/leu.2013.212

61. Lee J, Suh C, Park YH, Ko YH, Bang SM, Lee JH, et al. Extranodal

natural killer T-cell lymphoma, nasal-type: a prognostic model

from a retrospective multicenter study. J Clin Oncol. (2006)

24:612–8. doi: 10.1200/jco.2005.04.1384

62. International Non-Hodgkin’s Lymphoma Prognostic Factors Project. A

predictive model for aggressive non-Hodgkin’s lymphoma. N Engl J Med.

(1993) 329:987–94. doi: 10.1056/nejm199309303291402

63. Yang Y, Zhang YJ, Zhu Y, Cao JZ, Yuan ZY, Xu LM, et al. Prognostic

nomogram for overall survival in previously untreated patients with

extranodal NK/T-cell lymphoma, nasal-type: a multicenter study. Leukemia.

(2015) 29:1571–7. doi: 10.1038/leu.2015.44

64. Kim SJ, Yoon DH, Jaccard A, Chng WJ, Lim ST, Hong H, et al. A

prognostic index for natural killer cell lymphoma after non-anthracycline-

based treatment: a multicentre, retrospective analysis. Lancet Oncol. (2016)

17:389–400. doi: 10.1016/s1470-2045(15)00533-1

65. Yamaguchi M, Suzuki R, Oguchi M, Asano N, Amaki J, Akiba T, et al.

Treatments and outcomes of patients with extranodal natural killer/T-cell

lymphoma diagnosed between 2000 and 2013: a cooperative study in Japan.

J Clin Oncol. (2017) 35:32–9. doi: 10.1200/jco.2016.68.1619

66. Wu RY, Liu K, Wang WH, Jin J, Song YW, Wang SL, et al. Patterns of

primary tumor invasion and regional lymph node spread based on magnetic

resonance imaging in early-stage nasal NK/T-cell lymphoma: implications

for clinical target volume definition and prognostic significance. Int J Radiat

Oncol Biol Phys. (2017) 97:50–9. doi: 10.1016/j.ijrobp.2016.09.013

67. Wang H, Wang L, Liu WJ, Xia ZJ, Huang HQ, Jiang WQ, et al. High post-

treatment serum levels of soluble programmed cell death ligand 1 predict

early relapse and poor prognosis in extranodal NK/T cell lymphoma patients.

Oncotarget. (2016) 7:33035–45. doi: 10.18632/oncotarget.8847

68. Cai Q, Luo X, Liang Y, Rao H, Fang X, JiangW, et al. Fasting blood glucose is

a novel prognostic indicator for extranodal natural killer/T-cell lymphoma,

nasal type. Br J Cancer. (2013) 108:380–6. doi: 10.1038/bjc.2012.566

69. Cai Q, Luo X, Zhang G, Huang H, Huang H, Lin T, et al. New prognostic

model for extranodal Natural Killer/T cell lymphoma, nasal type. Ann

Hematol. (2014) 93:1541–9. doi: 10.1007/s00277-014-2089-x

70. Li YJ, Yi PY, Li JW, Liu XL, Tang T, Zhang PY, et al. Prognostic

role of ABO blood type in patients with extranodal Natural Killer/T

cell lymphoma, nasal type: a triple-center study. Chin J Cancer. (2017)

36:62. doi: 10.1186/s40880-017-0229-0

71. Feng Y, Rao H, Lei Y, Huang Y, Wang F, Zhang Y, et al. CD30 expression

in extranodal natural killer/T-cell lymphoma, nasal type among 622 cases of

mature T-cell and natural killer-cell lymphoma at a single institution in South

China. Chin J Cancer. (2017) 36:43. doi: 10.1186/s40880-017-0212-9

72. Li YY, Feng LL, Niu SQ, Wang HY, Zhang LL, Wang L, et al. Radiotherapy

improves survival in early stage extranodal Natural Killer/T cell lymphoma

patients receiving asparaginase-based chemotherapy. Oncotarget. (2017)

8:11480–8. doi: 10.18632/oncotarget.14006

73. Deng XW,Wu JX,Wu T, Zhu SY, Shi M, Su H, et al. Radiotherapy is essential

after complete response to asparaginase-containing chemotherapy in early-

stage extranodal nasal-type NK/T-cell lymphoma: a multicenter study from

the China Lymphoma Collaborative Group (CLCG). Radiother Oncol. (2018)

129:3–9. doi: 10.1016/j.radonc.2018.04.026

74. Yang Y, Cao JZ, Lan SM, Wu JX, Wu T, Zhu SY, et al. Association

of improved locoregional control with prolonged survival in early-stage

Frontiers in Oncology | www.frontiersin.org 12 May 2019 | Volume 9 | Article 386

https://doi.org/10.1182/blood-2012-08-450494
https://doi.org/10.1182/blood-2016-01-690701
https://doi.org/10.1038/sj.onc.1207755
https://doi.org/10.1016/s0065-230x(07)99002-8
https://doi.org/10.1038/leu.2017.40
https://doi.org/10.1158/1078-0432.ccr-14-1216
https://doi.org/10.1002/gcc.22348
https://doi.org/10.1182/blood-2011-07-364224
https://doi.org/10.1016/j.beha.2013.04.006
https://doi.org/10.1002/hon.2362
https://doi.org/10.1016/j.ajpath.2017.01.004
https://doi.org/10.1038/s41375-017-0004-x
http://www.bloodjournal.org/content/128/22/5353?sso-checked=true
http://www.bloodjournal.org/content/128/22/5353?sso-checked=true
https://doi.org/10.3324/haematol.2014.116087
https://doi.org/10.1038/nature11606
https://doi.org/10.1158/1078-0432.ccr-11-0494
https://doi.org/10.1002/ajh.23570
https://doi.org/10.1186/s13045-017-0452-9
https://doi.org/10.1186/s13045-016-0368-9
https://doi.org/10.1200/jco.2013.54.8800
https://doi.org/10.1016/s2352-3026(15)00002-2
https://doi.org/10.1038/leu.2013.212
https://doi.org/10.1200/jco.2005.04.1384
https://doi.org/10.1056/nejm199309303291402
https://doi.org/10.1038/leu.2015.44
https://doi.org/10.1016/s1470-2045(15)00533-1
https://doi.org/10.1200/jco.2016.68.1619
https://doi.org/10.1016/j.ijrobp.2016.09.013
https://doi.org/10.18632/oncotarget.8847
https://doi.org/10.1038/bjc.2012.566
https://doi.org/10.1007/s00277-014-2089-x
https://doi.org/10.1186/s40880-017-0229-0
https://doi.org/10.1186/s40880-017-0212-9
https://doi.org/10.18632/oncotarget.14006
https://doi.org/10.1016/j.radonc.2018.04.026
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Cai et al. Epstein-Barr Virus-Positive Natural Killer/T-Cell Lymphoma

extranodal nasal-type natural killer/T-cell lymphoma. JAMA Oncol. (2017)

3:83–91. doi: 10.1001/jamaoncol.2016.5094

75. Yamaguchi M, Kita K, Miwa H, Nishii K, Oka K, Ohno T, et al. Frequent

expression of P-glycoprotein/MDR1 by nasal T-cell lymphoma cells. Cancer.

(1995) 76:2351–6

76. Yang Y, Zhu Y, Cao JZ, Zhang YJ, Xu LM, Yuan ZY, et al.

Risk-adapted therapy for early-stage extranodal nasal-type NK/T-

cell lymphoma: analysis from a multicenter study. Blood. (2015)

126:1424–32. doi: 10.1182/blood-2015-04-639336

77. Kwong YL, Kim SJ, Tse E, Oh SY, Kwak JY, Eom HS, et al.

Sequential chemotherapy/radiotherapy was comparable with concurrent

chemoradiotherapy for stage I/II NK/T-cell lymphoma. Ann Oncol. (2018)

29:256–63. doi: 10.18632/oncotarget.18107 10.1093/annonc/mdx684

78. Jiang M, Zhang H, Jiang Y, Yang Q, Xie L, Liu W, et al. Phase 2 trial

of “sandwich” L-asparaginase, vincristine, and prednisone chemotherapy

with radiotherapy in newly diagnosed, stage IE to IIE, nasal type,

extranodal natural killer/T-cell lymphoma. Cancer. (2012) 118:3294–

301. doi: 10.1002/cncr.26629

79. Wang L, Wang ZH, Chen XQ, Wang KF, Huang HQ, Xia ZJ. First-line

combination of GELOX followed by radiation therapy for patients with stage

IE/IIE ENKTL: an updated analysis with long-term follow-up. Oncol Lett.

(2015) 10:1036–40. doi: 10.3892/ol.2015.3327

80. Huang Y, Yang J, Liu P, Zhou S, Gui L, He X, et al. Intensity-modulated

radiation therapy followed by GDP chemotherapy for newly diagnosed stage

I/II extranodal Natural Killer/T cell lymphoma, nasal type. Ann Hematol.

(2017) 96:1477–83. doi: 10.1007/s00277-017-3046-2

81. Yamaguchi M, Tobinai K, Oguchi M, Ishizuka N, Kobayashi Y, Isobe Y, et al.

Phase I/II study of concurrent chemoradiotherapy for localized nasal natural

killer/T-cell lymphoma: Japan Clinical Oncology Group Study JCOG0211. J

Clin Oncol. (2009) 27:5594–600. doi: 10.1200/jco.2009.23.8295

82. Kim SJ, Kim K, Kim BS, Kim CY, Suh C, Huh J, et al. Phase II trial of

concurrent radiation and weekly cisplatin followed by VIPD chemotherapy

in newly diagnosed, stage IE to IIE, nasal, extranodal NK/T-Cell Lymphoma:

Consortium for Improving Survival of Lymphoma study. J Clin Oncol. (2009)

27:6027–32. doi: 10.1200/jco.2009.23.8592

83. Michot JM, Mazeron R, Danu A, Lazarovici J, Ghez D, Antosikova

A, et al. Concurrent etoposide, steroid, high-dose Ara-C and platinum

chemotherapy with radiation therapy in localised extranodal natural

killer (NK)/T-cell lymphoma, nasal type. Eur J Cancer. (2015) 51:2386–

95. doi: 10.1016/j.ejca.2015.07.009

84. Takahara M, Nagato T, Kishibe K, Ueda S, Komabayashi Y, Yamashina M,

et al. Novel treatment for early-stage nasal natural killer/T-cell lymphoma:

intra-maxillary arterial infusion chemotherapy with concomitant

radiotherapy. Hematol Oncol. (2017) 35:158–62. doi: 10.1002/hon.2273

85. Yoon DH, Kim SJ, Jeong SH, Shin DY, Bae SH, Hong J, et al.

Phase II trial of concurrent chemoradiotherapy with L-asparaginase and

MIDLE chemotherapy for newly diagnosed stage I/II extranodal NK/T-

cell lymphoma, nasal type (CISL-1008). Oncotarget. (2016) 7:85584–

91. doi: 10.18632/oncotarget.11319

86. Kim SJ, Yang DH, Kim JS, Kwak JY, Eom HS, Hong DS, et al. Concurrent

chemoradiotherapy followed by L-asparaginase-containing chemotherapy,

VIDL, for localized nasal extranodal NK/T cell lymphoma: CISL08-01 phase

II study. Ann Hematol. (2014) 93:1895–901. doi: 10.1007/s00277-014-2137-6

87. Jiang M, Zhang L, Xie L, Zhang H, Jiang Y, Liu WP, et al. A phase II

prospective study of the “Sandwich” protocol, L-asparaginase, cisplatin,

dexamethasone and etoposide chemotherapy combined with concurrent

radiation and cisplatin, in newly diagnosed, I/II stage, nasal type,

extranodal natural killer/T-cell lymphoma. Oncotarget. (2017) 8:50155–

63. doi: 10.18632/oncotarget.16334

88. Ke QH, Zhou SQ, Du W, Liang G, Lei Y, Luo F. Concurrent IMRT and

weekly cisplatin followed by GDP chemotherapy in newly diagnosed, stage

IE to IIE, nasal, extranodal NK/T-Cell lymphoma. Blood Cancer J. (2014)

4:e267. doi: 10.1038/bcj.2014.88

89. Yamaguchi M, Kwong YL, Kim WS, Maeda Y, Hashimoto C, Suh C,

et al. Phase II study of SMILE chemotherapy for newly diagnosed stage

IV, relapsed, or refractory extranodal natural killer (NK)/T-cell lymphoma,

nasal type: the NK-Cell Tumor Study Group study. J Clin Oncol. (2011)

29:4410–6. doi: 10.1200/jco.2011.35.6287

90. Kwong YL, Kim WS, Lim ST, Kim SJ, Tang T, Tse E, et al. SMILE

for natural killer/T-cell lymphoma: analysis of safety and efficacy

from the Asia Lymphoma Study Group. Blood. (2012) 120:2973–

80. doi: 10.1182/blood-2012-05-431460

91. Ding H, Chang J, Liu LG, Hu D, Zhang WH, Yan Y, et al. High-dose

methotrexate, etoposide, dexamethasone and pegaspargase (MEDA)

combination chemotherapy is effective for advanced and relapsed/refractory

extranodal Natural Killer/T cell lymphoma: a retrospective

study. Int J Hematol. (2015) 102:181–7. doi: 10.1007/s12185-015-

1809-x

92. Wang JH, Wang L, Liu CC, Xia ZJ, Huang HQ, Lin TY, et al.

Efficacy of combined gemcitabine, oxaliplatin and pegaspargase (P-

gemox regimen) in patients with newly diagnosed advanced-stage or

relapsed/refractory extranodal NK/T-cell lymphoma. Oncotarget. (2016)

7:29092–101. doi: 10.18632/oncotarget.8647

93. Wang JJ, Dong M, He XH, Li YX, Wang WH, Liu P, et al. GDP

(Gemcitabine, Dexamethasone, and Cisplatin) is highly effective and

well-tolerated for newly diagnosed stage IV and relapsed/refractory

extranodal natural killer/T-cell lymphoma, nasal type. Medicine. (2016)

95:e2787. doi: 10.1097/md.0000000000002787

94. Jaccard A, Gachard N, Marin B, Rogez S, Audrain M, Suarez F, et al.

Efficacy of L-asparaginase with methotrexate and dexamethasone

(AspaMetDex regimen) in patients with refractory or relapsing

extranodal NK/T-cell lymphoma, a phase 2 study. Blood. (2011)

117:1834–9. doi: 10.1182/blood-2010-09-307454

95. Lim SH, Hong JY, Lim ST, Hong H, Arnoud J, Zhao W, et al. Beyond

first-line non-anthracycline-based chemotherapy for extranodal NK/T-cell

lymphoma: clinical outcome and current perspectives on salvage therapy

for patients after first relapse and progression of disease. Ann Oncol. (2017)

28:2199–205. doi: 10.1093/annonc/mdx316

96. Jaccard A, Petit B, Girault S, Suarez F, Gressin R, Zini JM, et al. L-

asparaginase-based treatment of 15 western patients with extranodal NK/T-

cell lymphoma and leukemia and a review of the literature.AnnOncol. (2009)

20:110–6. doi: 10.1093/annonc/mdn542

97. Yamaguchi M, Suzuki R, Oguchi M. Advances in the treatment of

extranodal NK/T-cell lymphoma, nasal type. Blood. (2018) 131:2528–

40. doi: 10.1182/blood-2017-12-791418

98. Li X, Cui Y, Sun Z, Zhang L, Li L, Wang X, et al. DDGP versus SMILE

in newly diagnosed advanced natural killer/T-cell lymphoma: a randomized

controlled, multicenter, open-label study in China. Clin Cancer Res. (2016)

22:5223–8. doi: 10.1158/1078-0432.ccr-16-0153

99. Yhim HY, Kim JS, Mun YC, Moon JH, Chae YS, Park Y, et al.

Clinical outcomes and prognostic factors of up-front autologous

stem cell transplantation in patients with extranodal Natural

Killer/T cell lymphoma. Biol Blood Marrow Transplant. (2015)

21:1597–604. doi: 10.1016/j.bbmt.2015.05.003

100. Wang J, Wei L, Ye J, Yang L, Li X, Cong J, et al. Autologous hematopoietic

stem cell transplantation may improve long-term outcomes in patients with

newly diagnosed extranodal natural killer/T-cell lymphoma, nasal type: a

retrospective controlled study in a single center. Int J Hematol. (2018)

107:98–104. doi: 10.1007/s12185-017-2324-z

101. Tse E, Chan TS, Koh LP, Chng WJ, Kim WS, Tang T, et al. Allogeneic

haematopoietic SCT for natural killer/T-cell lymphoma: a multicentre

analysis from the Asia Lymphoma Study Group. Bone marrow Transplant.

(2014) 49:902–6. doi: 10.1038/bmt.2014.65

102. Kanate AS, DiGilio A, Ahn KW, Al Malki M, Jacobsen E, Steinberg A,

et al. Allogeneic haematopoietic cell transplantation for extranodal natural

killer/T-cell lymphoma, nasal type: a CIBMTR analysis. Br J Haematol. (2017)

182:916–20. doi: 10.1111/bjh.14879

103. Ennishi D, Maeda Y, Fujii N, Kondo E, Shinagawa K, Ikeda K, et al.

Allogeneic hematopoietic stem cell transplantation for advanced extranodal

natural killer/T-cell lymphoma, nasal type. Leuk Lymphoma. (2011) 52:1255–

61. doi: 10.3109/10428194.2011.572322

104. Kharfan-Dabaja MA, Kumar A, Ayala E, Hamadani M, Reimer P,

Gisselbrecht C, et al. Clinical practice recommendations on indication

and timing of hematopoietic cell transplantation in mature T cell and

NK/T cell lymphomas: an international collaborative effort on behalf

of the Guidelines Committee of the American Society for Blood and

Frontiers in Oncology | www.frontiersin.org 13 May 2019 | Volume 9 | Article 386

https://doi.org/10.1001/jamaoncol.2016.5094
https://doi.org/10.1182/blood-2015-04-639336
https://doi.org/10.18632/oncotarget.18107
https://doi.org/10.1002/cncr.26629
https://doi.org/10.3892/ol.2015.3327
https://doi.org/10.1007/s00277-017-3046-2
https://doi.org/10.1200/jco.2009.23.8295
https://doi.org/10.1200/jco.2009.23.8592
https://doi.org/10.1016/j.ejca.2015.07.009
https://doi.org/10.1002/hon.2273
https://doi.org/10.18632/oncotarget.11319
https://doi.org/10.1007/s00277-014-2137-6
https://doi.org/10.18632/oncotarget.16334
https://doi.org/10.1038/bcj.2014.88
https://doi.org/10.1200/jco.2011.35.6287
https://doi.org/10.1182/blood-2012-05-431460
https://doi.org/10.1007/s12185-015-1809-x
https://doi.org/10.18632/oncotarget.8647
https://doi.org/10.1097/md.0000000000002787
https://doi.org/10.1182/blood-2010-09-307454
https://doi.org/10.1093/annonc/mdx316
https://doi.org/10.1093/annonc/mdn542
https://doi.org/10.1182/blood-2017-12-791418
https://doi.org/10.1158/1078-0432.ccr-16-0153
https://doi.org/10.1016/j.bbmt.2015.05.003
https://doi.org/10.1007/s12185-017-2324-z
https://doi.org/10.1038/bmt.2014.65
https://doi.org/10.1111/bjh.14879
https://doi.org/10.3109/10428194.2011.572322
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Cai et al. Epstein-Barr Virus-Positive Natural Killer/T-Cell Lymphoma

Marrow Transplantation. Biol Blood Marrow Transplant. (2017) 23:1826–

38. doi: 10.1016/j.bbmt.2017.07.027

105. Kwong YL, Chan TSY, Tan D, Kim SJ, Poon LM, Mow B,

et al. PD1 blockade with pembrolizumab is highly effective

in relapsed or refractory NK/T-cell lymphoma failing l-

asparaginase. Blood. (2017) 129:2437–42. doi: 10.1182/blood-2016-12-

756841

106. Li X, Cheng Y, Zhang M, Yan J, Li L, Fu X, et al. Activity of pembrolizumab

in relapsed/refractory NK/T-cell lymphoma. J Hematol Oncol. (2018)

11:15. doi: 10.1186/s13045-018-0559-7

107. Chan TSY, Li J, Loong F, Khong PL, Tse E, Kwong YL. PD1 blockade

with low-dose nivolumab in NK/T cell lymphoma failing L-asparaginase:

efficacy and safety. Ann Hematol. (2018) 97:193–6. doi: 10.1007/s00277-017-

3127-2

108. Bollard CM, Gottschalk S, Torrano V, Diouf O, Ku S, Hazrat Y,

et al. Sustained complete responses in patients with lymphoma

receiving autologous cytotoxic T lymphocytes targeting Epstein-

Barr virus latent membrane proteins. J Clin Oncol. (2014)

32:798–808. doi: 10.1200/jco.2013.51.5304

109. Cho SG, Kim N, Sohn HJ, Lee SK, Oh ST, Lee HJ, et al. Long-term Outcome

of extranodal NK/T cell lymphoma patients treated with postremission

therapy using EBV LMP1 and LMP2a-specific CTLs. Mol Ther. (2015)

23:1401–9. doi: 10.1038/mt.2015.91

110. Hari P, Raj RV, Olteanu H. Targeting CD38 in refractory extranodal

natural killer cell-T-cell lymphoma. N Engl J Med. (2016) 375:1501–

2. doi: 10.1056/NEJMc1605684

111. Piekarz RL, Frye R, Turner M, Wright JJ, Allen SL, Kirschbaum MH,

et al. Phase II multi-institutional trial of the histone deacetylase inhibitor

romidepsin as monotherapy for patients with cutaneous T-cell lymphoma.

J Clin Oncol. (2009) 27:5410–7. doi: 10.1200/jco.2008.21.6150

112. Kim SJ, Kim JH, Ki CS, Ko YH, Kim JS, Kim WS. Epstein-Barr

virus reactivation in extranodal natural killer/T-cell lymphoma patients:

a previously unrecognized serious adverse event in a pilot study with

romidepsin. Ann Oncol. (2016) 27:508–13. doi: 10.1093/annonc/mdv596

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Cai, Cai, Fang and Young. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 14 May 2019 | Volume 9 | Article 386

https://doi.org/10.1016/j.bbmt.2017.07.027
https://doi.org/10.1182/blood-2016-12-756841
https://doi.org/10.1186/s13045-018-0559-7
https://doi.org/10.1007/s00277-017-3127-2
https://doi.org/10.1200/jco.2013.51.5304
https://doi.org/10.1038/mt.2015.91
https://doi.org/10.1056/NEJMc1605684
https://doi.org/10.1200/jco.2008.21.6150
https://doi.org/10.1093/annonc/mdv596~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Epstein-Barr Virus-Positive Natural Killer/T-Cell Lymphoma
	Introduction
	Pathogenic Mechanisms of Epstein-Barr Virus-Positive NK/T-Cell Lymphoma
	Epstein-Barr Virus Gene Expression
	Genetic Susceptibility
	Chronic Inflammation and Lymphoma Microenvironment
	Molecular Pathogenesis
	Chromosomal Abnormalities
	Gene Mutations
	Aberrant Signaling Pathways
	Deregulated Single Genes
	Epigenetic Dysregulation


	Diagnosis of Epstein-Barr Virus-Positive NK/T-Cell Lymphoma
	Clinical Features and Stage Stratification
	Diagnosis and Differential Diagnosis
	Prognosis, Biomarkers, and Risk Stratification

	Treatment of Epstein-Barr Virus-Positive NK/T-Cell Lymphoma
	Stage I/II NK/T-Cell Lymphoma
	Sequential Patterns
	Concurrent Chemoradiotherapy

	Advanced and Relapsed/Refractory NK/T-Cell Lymphoma
	Chemotherapy
	Hematopoietic Stem Cell Transplantation
	Immunotherapy
	Other New Drugs


	Conclusion and Prospect
	Author Contributions
	Funding
	References


