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Abstract: Extranodal NK/T cell lymphoma (ENKL) is a rare subtype of lymphoma that shows a poor clinical outcome. The most
common sites are the nasal cavity, nasopharynx, paranasal sinuses, tonsils and larynx. Because of P-glycoprotein expression on ENKL
cells, ENKL is resistant to anthracycline-based chemotherapy. L-asparaginase-based chemotherapy with or without radiotherapy shows
promising outcomes for advanced ENKL, but has limited efficacy in relapsed/refractory ENKL. immune-checkpoint inhibitors, histone
deacetylase inhibitors, and monoclonal antibodies are being investigated. In this review, we summarize the new treatments for ENKL.
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Background
Extranodal natural killer/T-cell lymphoma (ENKL) is an aggressive lymphoma. It is characterized by multidrug
resistance due to the P-glycoprotein.1 According to the classification of tumors of hematopoietic and lymphoid tissues
set by the World Health Organization in 2017, mature ENKL can be divided into three subtypes: ENKL; nasal type,
aggressive NK-cell leukemia; and chronic lymphoproliferative disorders of NK cells.2 Moreover, the classification of
EBV-positive lymphoproliferative disorders (LPD) includes chronic active EBV infection (CAEBV) of T- and NK-cell
type, systemic EBV-positive T-cell lymphoma of childhood, aggressive NK-cell leukemia, extranodal NK/T-cell lym-
phoma, nasal type, and the new provisional entity primary EBV-positive nodal T/NK-cell lymphoma.3

ENKL, nasal type usually occurs in the upper aerodigestive tract and acquires a dismal outcome when extranasal
organs (eg, skin, testes) are involved. ENKL, nasal type is more prevalent in Asian countries than in Western countries,
and is associated with Epstein–Barr virus (EBV) infection. Several studies have shown that radiotherapy alone can be
recommended as first-line treatment in localized stage-I/II disease.4 L-asparaginase-based regimens have a certain
therapeutic effect in relapsed/refractory ENKL.5,6 Some studies have shown that programmed cell death protein 1
(PD-1) blockade can aid treatment of refractory/relapsed ENKL.7,8

In this review, we reviewed the chemotherapy, radiotherapy and hematopoietic stem cell transplantation of ENKL,
and explored its immunotherapy especially the progress of PD1 therapy for treating ENKL patients.

Conventional Approaches for Extranodal NK/T-Cell Lymphoma
Radiotherapy (RT)
As we knew the conventional anthracycline-containing (CHOP, cyclophosphamide, adriamycin, vincristine, predniso-
lone, or CHOP-like) approaches are not applicable for ENKL, because of the P-glycoprotein.1 RT plays an important role
in limited-stage ENKL. The early trial examined the correlation between local recurrence and radiotherapeutic
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parameters.9 Thirty-five patients were included in the study and 32 of them had stage I disease. Seventeen patients only
received RT treatment, and the remaining administrated a combination of chemotherapy and RT. The median tumor dose
was 50 grays (Gy) (range, 22–60 Gy). The complete remission (CR) or a CR/unconfirmed was 80%. The 5-year overall
survival (OS) rate, disease-free survival (DFS) rate, and local control probability (LCP) were 47.3%, 42.9%, and 65.2%,
respectively. The patients who received RT doses 50 Gy achieved favorable local control.

A large retrospective study of patients with early-staged ENKL was conducted in China. Patients received sequence of
RT alone, RT alone, RT followed by CT (chemotherapy), or CT followed by RT. The 5-year overall survival (OS) RT alone
and RT with or without CT were 69.6%, 67.7% and 33.9%, respectively. Risk-adapted therapy involving RT alone for low-
risk patients and RT consolidated by CT for high-risk patients is a viable, effective strategy for early-stage ENKL.10

The main point is RT alone or followed by CT can be a feasible and effective treatment strategy for early staged
ENKL and appropriate RT dose in localized ENKL is more than 50 Gy.

Chemotherapy (CT)
SMILE (dexamethasone, methotrexate, ifosfamide, L-asparaginase, and etoposide) regime was widely used in advanced
and relapsed disease and demonstrated favorable efficacy but the high profile of toxicity.5 Another trial showed
promising outcomes in Asian ENKL, 56% of them at the stage III/IV disease. After 2–3 courses of SMILE were
administered, the complete remission (CR) rate, partial remission rate (PR) and the overall response (OR) rate were 56%,
22% and 78%, respectively. The 5-year overall survival was 50% and 4-year disease-free-survival was 64% after
a median follow-up of 31 months. The toxicities included neutropenia, thrombocytopenia and nephrotoxicity.11

A retrospective survey revealed that that modified-SMILE regimen followed by RT was superior to CHOP regimen
and the respective 2-year survival rates were 60% and 40%, respectively.12

Other regimens such as P-GMOX (pegaspargase, gemcitabine, oxaliplatin), DDGP (dexamethasone, gemcitabine,
cisplatin, pegaspargase) and AspaMetDex (L-asparaginase, methotrexate, and dexamethasone) are listed as suggested
treatment regimens in the NCCN guidelines.13 In China, a total of 35 patients with newly diagnosed advanced or
relapsed/refractory ENKL were treated with 2 to 8 cycles of P-GMOX. The ORR was 80.0% and a CR rate was 51.4%
upon the finished patients. The main toxicities were hematologic toxicity and liver dysfunction.14 Another clinical trial
compared the safety and efficacy of DDGP and SMILE regimens in advanced ENKL patients. The CR rate and ORR of
the DDGP group and SMILE group were 71% vs 29%, 95% vs 67%. The toxicity of SMILE group showed more serious
than the DDGP group.15 A Phase II study of AspaMetDex (L-asparaginase, methotrexate, and dexamethasone) was
administered in relapsed or refractory ENKL patients. Nineteen patients were enrolled in this study and 11 patients got
CR (61%) after 3 cycles of chemotherapy. The major adverse events were hepatitis, cytopenia, and allergy.6 The most
common chemotherapy regimens are listed in Table 1.

Hematopoietic Stem Cell Transplantation (HSCT)
The current view is that autologous HSCT (auto-HSCT) is not recommended in limited-stage ENKL because of a lack of
improvement seen in patients with limited-stage disease.16,17

The outcomes of auto-HSCT in patients with advanced disease seem comparable with those obtained with
L-asparaginase-containing regimens. In a retrospective analysis of 62 patients undergoing auto-HSCT,18 at a median
follow-up of 43.3 months, the 3-year overall survival (OS) and progression-free survival (PFS) for limited-stage disease
were 67.6% and 64.5%, and those for advanced-stage disease were 52.3% and 40.1%, respectively. Another retrospective
study showed a benefit of auto-HSCT in those with high International Prognostic Index risk scores.16 Therefore, auto-
HSCT as consolidation therapy for advanced ENKL is controversial.

In a retrospective study, in 18 patients with ENKL who underwent allogeneic-HSCT, the 5-year OS was 57% and
5-year event-free survival (EFS) was 51% after a median follow-up of 20.5 months. Use of the SMILE (dexamethasone,
methotrexate (MTX), ifosfamide, L-asparaginase, etoposide) regimen pre-HSCT was the most important positive
prognostic indicator, resulting in significantly superior OS and EFS (P < 0.01).19

A recent retrospective study analyzed the outcome of 82 ENKL patients undergoing allogeneic-HSCT, with
a majority having received peripheral blood grafts (89%) from matched related donors (61%).20 At a median follow-
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up of 36 months, the cumulative incidence of non-relapse mortality and relapse at 3 years were 30% and 42%,
respectively. The corresponding 3-year PFS and OS were 28% and 34%, respectively.

American Society for Blood and Marrow Transplantation guidelines recommend allogeneic-HSCT for advanced
ENKL after relapse, refractory disease, and in refractory localized disease.18

Most studies have been retrospective; therefore, further investigations are needed to explore the most appropriate use
of allogeneic-HSCT to treat ENKL.

Therapy Using PD-1 or Programmed Cell Death Protein 1 Ligand (PD-L1)
PDL1 Expression on ENKL
The PD1/PD-L1 pathway plays an important part in tumor immunity. PD-L1 is expressed broadly on normal cells, such
as dendritic cells, macrophages, activated T cells, and epithelial cells. However, PD-L1 can be expressed widely on solid
tumors and lymphomas, and this is associated with a poor prognosis.21,22 In terms of ENKL, Kim et al reported PD-L1
expression in ENKL cells in 56.2% of cases, and in 62% of total cells including malignant and non-malignant cells. The
patients with PD-L1+ ENKL were associated with a better 5-year overall survival (OS) prognosis.23 Nagato et al found
that PD-L1 was expressed not only on ENKL cells but also on tumor-infiltrating macrophages. Moreover, higher
expression of soluble PD-L1 has been detected in ENKL patients than that in healthy individuals, and is correlated
with a poor prognosis.24 Interferon (IFN)-γ can induce PD-L1 expression on macrophages and is also secreted by ENKL
cells.25,26 Therefore, PD-1/PD-L1 may inhibit tumor cells directly and inhibit macrophages indirectly.

Signaling Pathway of PD-1 and PD-L1
PD-1 plays a vital part in the maintenance of peripheral tolerance.27 Furthermore, PD-1 and its ligand PD-L1 have
important roles in tumor-associated immunosuppression. Tumor antigens can induce PD-1 overexpression by tumor-
infiltrating lymphocytes, and PD-L1 expression is a characteristic of malignant cells and various tumor-infiltrating
antigen-presenting cells.28 PD-1 contains two tyrosine molecules, ITIM (immune receptor tyrosine–based inhibitory
motif) and ITSM (immune receptor tyrosine–based switch motif), in its cytoplasmic tail.6 In the presence of PDL1, Src
homology region 2 domain-containing phosphatase-2 (SHP-2) and SHP1 are recruited to ITSM in PD-1.29 With the

Table 1 Summary of Chemotherapy Regimens ENKL

Regime Design Population CR% OR% Toxicity

SMILE Phase II study Stage IV, relapsed, or
refractory

45% (2 cycles) 55% (1 year) 61% grade 3–4 infection

P-GMOX Retrospective Stage III–IV, relapsed
or refractory

51.4% (4 months) 80.0% (4 months) 40% grade 3–4 eucopenia and
neutropenia

DDGP RCT Stage III–IV 71% (1 year) 95% (1 year) 71% neutropenia

AspaMetDex Phase II study Relapsed or
refractory

61% (1 year) 78% (1 year) Grade 4 neutropenia (n = 1)
grade 3–4 infection (n = 2)

MEDA Retrospective Relapsed or
refractory

61.5% (4 months) 76.9% (4 months) 15.4% Serious infections; 30.8% Grade
3/4 thrombocytopenia

23.1% Grade 3/4 anemia

Sequential
DICE-L-asp45

Retrospective Newly diagnosed,

stage IE to IIE

90.9% (4 months) 82% (5 years) 75.76% Grade 3/4 Leukopenia;

27.27% Grade 3/4 Febrile neutropenia

63.64% Grade 3/4 Neuropathy

Abbreviations: SMILE, dexamethasone, methotrexate, ifosfamide, L-asparaginase, and etoposide; P-GemOx, peg-asparaginase, gemcitabine, oxaliplatin; DDGP, dexametha-
sone, cisplatin, gemcitabine, peg-asparaginase; AspMetDex, asparaginase, methotrexate, dexamethasone; MEDA, high-dose methotrexate, etoposide, dexamethasone, and
pegaspargase; Sequential DICE-L-asp, cisplatin, ifosfamide, etoposide, dexamethasone, L-asparaginase; RCT, Randomized controlled trial; OR, overall response rate; OS,
overall survival.
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participation of T-cell receptors, PD-L1 can inhibit phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) and the
downstream activity of the protein kinase B (Akt) signaling pathway.30 In addition, PD-L1 can inhibit PKCθ (Protein
kinase C theta) and RAS-Erk (Ras-extracellular signal-regulated kinase) signaling.18 Upon B-cell receptor (BCR)
engagement, PD-1 can also inhibit BCR signaling by recruiting SHP-2 to its phosphotyrosine residues, and depho-
sphorylate key signal transducers of BCR signaling, including kinase (Syk), phospholipase C-gamma 2, PI3K, and vav.31

Clinical Treatments and Adverse Events
Several clinical trials have demonstrated that treatment involving PD-1 blockade as a target in hematological tumors is
promising.32 Classical Hodgkin’s lymphoma is an encouraging target for anti-PD-1 therapy because amplification of the
9p24.1 locus increases PD-L1 expression on Reed–Sternberg cells.33 Pembrolizumab and nivolumab are the most
common humanized recombinant monoclonal antibodies against PD-1.34 The mechanism is illustrated in Figure 1.
Due to the low incidence of ENKL, PD-1/PD-L1 have not been tested in large-scale clinical trials. However, small-scale
clinical application has achieved encouraging outcomes. Kwong et al enrolled seven male ENKL patients. The median
age was 49 (range, 31–68) years, and all patients had relapsed disease after failure of at least one type of regimen,
including L-asparaginase-containing regimens and allogeneic-HSCT.

Patients received pembrolizumab (2 mg/kg) every 3 weeks except one patient who received pembrolizumab every 2
weeks. Two patients achieved a complete response (CR), three patients achieved clinical and radiological CRs, and two
patients achieved a partial response (PR). The five patients who achieved a CR were still in remission after a median
follow-up of 6 (range, 2–10) months. Immune-related adverse events were not seen except in one patient who had
allogeneic-HSCT previously and suffered grade-2 skin graft-versus-host disease.

Another trial was conducted in seven heavily pretreated ENKL patients.7 All patients had received at least two
chemotherapy regimens previously, and pembrolizumab (100 mg) was administered every 3 weeks in all patients. After
a median of four cycles of treatment (range, 2–18), among the seven patients, two had a CR and two had a PR, and the
overall response rate was 57%. PDL1 expressed on lymphoma cells showing 50%, 20%, 30%, 70%, and 30% of five
patients, respectively. PD-L1 expression was not detected in one patient and was negative in one patient. The main
treatment-related adverse events were pneumonitis, laboratory abnormalities, diarrhea, fever, and thrombocytopenia. One
patient developed grade 3 thrombocytopenia and the thrombocyte count recovered after treating with thrombocyte
transfusion and recombinant human thrombopoietin. Other patients suffered from grade 3 pneumonitis. However,
these were tolerable and could be managed safely.

Nivolumab treatment was evaluated in three patients with relapsed ENKL who were refractory to treatment.8 Patient
#1 and #3 were given two doses of nivolumab (total of 80 mg) and responses were obtained. Because of poor conditions,

Figure 1 Possible T-cell lymphoma treatments.
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two patients died from infections. Patient #2 was given nivolumab (160 mg) and obtained a CR and radiological
response. This patient received >240 mg and achieved a CR. Patient #3 had a high tumor load and developed tumor lysis
syndrome and grade 1 cytokine release syndrome after receiving nivolumab. Toxicity was not observed in the other two
patients. Other promising studies investigating the role of PD-1/PD-L1 therapy in ENKL are ongoing.

Histone Deacetylase Inhibitors (HDACIs)
HDACIs have attracted considerable attention because they can be used to treat various types of tumor. They have been
approved for treatment of relapsed and refractory peripheral T-cell lymphoma. They can modulate chromatin remodeling
and maintain an acetylation balance among DNA damage-related proteins.

Zhou et al investigated the oral HDACI chidamide, which showed antitumor effects by inhibiting the Akt/mammalian
target of rapamycin and mitogen-activated protein kinase signaling pathways in natural killer T-cell lymphoma cell lines.
Moreover, chidamide can also activate the ATM-Chk2-p53-p21 signaling pathway in vitro.35

Five patients were enrolled in an open-label, prospective pilot study to evaluate the role of romidepsin in the
treatment of patients with ENKL. However, three patients had fever and increased levels of liver enzymes and bilirubin
after the first administration of romidepsin. Additionally, EBV DNA titers in blood from these patients were increased.
The authors considered EBV reactivation and discontinued patient enrollment.36 Therefore, the current view is that single
use of HDACIs is not recommended.

Cluster of Differentiation (CD)38 Monoclonal Antibody
There have been sporadic reports that CD38 monoclonal antibody can be used in relapsed and refractory ENKL. In
a retrospective study, CD38 expression in 94 ENKL patients revealed that half of patients had high expression of CD38,
thereby indicating the potential role of CD38 as a therapy target for ENKL.37

Shoag et al reported a patient with relapsed ENKL who underwent L-asparaginase-based chemotherapy and
allogeneic-HSCT. They gave the patient daratumumab (16 mg/kg bodyweight per week). After 6 weeks of treatment,
a CR at 21-week follow-up was documented.38

Chimeric Antigen Receptor-T Cell (CAR-T) Therapy
The CAR-T therapy is a novel immunotherapy and two products have been approved for acute lymphoblastic leukemia
(ALL) and adult diffuse large B-cell lymphoma subtypes (DLBCL).39 CARs are artificial fusion proteins which include an
antigen-recognition domain and T-cell signaling domains.40 The antigen-recognition domain is called single-chain variable
fragment (scFv) which derived from a monoclonal antibody while the signaling domains is the CD3ζ chain of the TCR.41

CAR-T therapy has shown significant results in some refractory hematologic malignancies.42 Moreover, It is also
being investigated in some solid tumors such as glioblastoma, HER2-Positive Sarcoma and so on.43,44 Up to now, reports
using CAR-T therapy for ENKL are lacking, but treatment of ENKL utilizing specific antigens of ENKL may represent
a new approach.

Conclusions
The possible treatments developed to treat ENKL are shown in Figure 1. ENKL is a peculiar form of lymphoma
associated with EBV infection. Because of frequent P-glycoprotein expression, anthracycline-based regimens are not
efficacious. L-asparaginase-containing chemotherapy, such as the SMILE protocol, may improve the prognoses of
patients with ENKL. Single or combined use of PD-1/PD-L1 inhibitors have elicited encouraging outcomes. The curative
effect of auto-HSCT in ENKL is not clear, but allogeneic-HSCT can be considered in advanced ENKL after relapse or in
refractory ENKL. Use of HDACIs and CD38 monoclonal antibody has shown promise. More clinical trials are needed
for immunotherapy of ENKL.
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