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Abstract

The aggressive lymphoma, extranodal natural killer/T-cell lymphoma-nasal type, is strongly associated with Epstein-Barr virus (EBV)
and is most common in Asia and in South and Central America. By contrast, incidence is low in the United States and Europe, where
extranodal natural killer/T-cell ymphoma represents only 0.2%-0.4% of all newly diagnosed non-Hodgkin lymphomas. At diagnosis,
it is important to test for EBV DNA in plasma by polymerase chain reaction and to carry out positron emission tomography/computer
tomography and magnetic resonance imaging of the nasopharynx. In stage I/ll disease, radiotherapy is the most important treatment
modality, but in high-risk stage /Il disease (stage Il, age > 60 vy, elevated lactate dehydrogenase, Eastern Cooperative Oncology
Group performance score >2, primary tumor invasion), it should be combined with chemotherapy. The most optimal responses are
reached with nonmultidrug resistance-based therapy (eg, asparaginase- or platinum-based therapy). Therapeutic approaches con-
sist of either platinum-based concurrent chemoradiotherapy or sequential chemoradiotherapy. The minimum dose of radiotherapy
should be 50-56 Gy. Treatment of stage Ill/IV disease consists of 3 cycles of chemotherapy followed by autologous hematopoietic cell
transplantation. Allogeneic hematopoietic cell transplantation should only be considered in case of relapsed disease or after difficulty
reaching complete remission. During treatment and follow-up, plasma EBV levels should be monitored as a marker of tumor load.

Introduction

Extranodal natural killer/T-cell lymphoma (ENKTL) is an
aggressive lymphoma that is closely associated with Epstein-
Barr virus (EBV). Incidence in the United States and Europe is
low, with only 0.2%-0.4% of newly diagnosed non-Hodgkin
lymphomas of the ENKTL type."* ENKTL is more common
in Asia and in Central and South America, where ENKTL rep-
resents 5%-15% of all newly diagnosed lymphomas.> Around
85% of ENKTLs originate from natural killer (NK) cells and
15% from T-cells.* The most common site of occurrence is the
nasopharynx, but other common locations include the sinuses,
tonsils, Waldeyer ring, and oropharynx. About 70%-90% of
patients have stage I or Il lymphoma at presentation,’ and the
majority present with nasal obstruction, epistaxis, or tumor
growth through anatomic structures such as the palatum or
orbita. Common additional symptoms include fever, weight
loss, and malaise. In stage III/IV disease, the most frequent
sites of occurrence include the skin, salivary glands, lymph
nodes, testis, and the gastrointestinal tract, accompanied by
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gastrointestinal bleeding as a common presenting symptom. In
up to 11% of cases, the presenting symptom is hemophagocytic
syndrome.%’

Diagnosis

Diagnosis of ENKTL by tissue biopsy is not always straight-
forward. In nasal mucosa, in particular, where extensive ulcer-
ation is often present, it can be difficult to differentiate between
lymphoma and other conditions such as granulomatous poly-
angiitis, infection, or cocaine-induced destruction. ENKTL
shows a diffuse and invasive growth pattern, often accompanied
by an angiocentric and angiodestructive pattern that can result
in necrosis and significant inflammation (Figure 1). Among indi-
vidual cases, the cytological spectrum of tumor cells is broad,
ranging from small and barely atypical to large and anaplastic.
Nuclear contour can be irregular, the cytoplasm is often pale,
and mitotic figures are frequently numerous.® Epstein-Barr
virus-encoded small RNAs in situ hybridization is always posi-
tive, and in most cases, the NK cell marker CD56 and cytotoxic
markers granzyme B and TIA-1 are expressed and detectable by
immunohistochemistry. Of the traditional T-cell markers, CD2
is positive and CD3 shows only cytoplasmic positivity, whereas
CD4, CD8, CDS$, and CD7 are usually negative.® T-cell receptor
clonality analysis by polymerase chain reaction (PCR) usually
shows no rearrangement products, consistent with the NK cell
origin of ENKTL in 85% of cases. In daily practice, Epstein-Barr
virus-encoded small RNA and CDS56 staining are very helpful in
distinguishing ENKTL from other inflammatory and ulcerating
processes. In view of the newly available therapeutic options,
it is worth mentioning that 95% of ENKTLs are positive for
CD38, about 30% for CD30 and up to 70% for programmed
death-ligand 1 (PD-L1) (CD274), with positivity even reaching
almost 100% in nodal cases.”!°
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Figure 1. Histology of an NK/T-cell ymphoma showing *extensive lymphocytic infiltration, **necrosis, and ***angiocentric growth. NK = natural killer.

ENKTL is also fluorodeoxyglucose (FDG)-avid in almost
100% of cases, although maximum standardized uptake val-
ues are lower compared to diffuse large B-cell lymphoma.!!:12
Therefore, positron emission tomography (PET)/computer
tomography (CT) should be performed at diagnosis in order to
stage the disease. A magnetic resonance imaging of the naso-
pharynx is especially recommended in cases with nasal local-
ization in order to determine the radiation fields in stage I/II
disease. Random biopsies of the nasopharynx are also recom-
mended if nasal localization is not found on imaging of stage I/
IT disease, due to the possible need for radiation therapy if there
is nasopharynx involvement.?

Plasma EBV load is a reliable marker for tumor load at diag-
nosis and can be used at follow-up for early detection of recur-
rent disease.'> ' PCR analysis of EBV plasma DNA is therefore
advised at diagnosis as a baseline measurement.

ENKTL is often accompanied by hemophagocytosis (HLH).
If there is a clinical suggestion of HLH, further diagnostics
for HLH should be performed. Finally, staging of the disease
includes a bone marrow biopsy.

Prognostic models

Using the Ann Arbor staging system, most ENKTL patients
are categorized as early stage, which does not correlate with the
poor survival. Recently the Asia lymphoma study group pub-
lished a new and improved correlating staging system.'® With
stage I defined as limited nasal disease without tumor invasion
in the surrounding structures, stage II nonnasal localization
or nasal localization with tumor invasion, stage III nasal dis-
ease with regional lymph node involvement, and stage IV dis-
ease with nonregional lymph node involvement or lymph node
involvement on both sides of the diaphragm. As mentioned by
the authors, the suggested staging system needs to be validated,
preferably in a prospective study.

In the past, the International Prognostic Index and NK/T-cell
lymphoma prognostic index were used for risk stratification.
Following the introduction of nonanthracycline containing
treatment regimens, these scoring systems were no longer ade-
quate, and in 2016 the prognostic index of natural killer lym-
phoma (PINK) was introduced (Table 1).'” This new scoring
system attributes 1 point for every risk factor, and a modifica-
tion of the PINK score is the prognostic index of natural killer
lymphoma-EBV score that includes all factors from the PINK
score together with EBV plasma load.!” Since 2017, the PINK

score has been included in the National Comprehensive Cancer
Network (NCCN) guideline for peripheral T-cell lymphoma.!'®

Treatment

Due to differences in treatment modalities for stage I/Il and
stage III/IV disease, adequate staging at diagnosis is crucial.
Although almost all data are obtained from phase /Il studies
or retrospective studies, it has been established that the most
important treatment modality in stage I/II disease is radiother-
apy, which often is combined with chemotherapy. Stage III/IV
disease treatment consists of chemotherapy and hemopoietic
stem cell transplantation (Figure 2).

Owing to the complexity of diagnostics and treatment, it is
important that a patient is treated by a multidisciplinary team
in a center with expertise in NK/T-cell lymphoma treatment."”

Treatment of a stage I/ll disease

In stage I/II disease, the choice of therapy depends on the risk of
disease. A large retrospective study by Yang et al,” which included
1273 patients with stage I/II disease, showed that combined

Prognostic Score Algorithm for NK/T-Cell Lymphoma.
PINK PINK-E

Age > 60y

Stage ll/IV disease

Nonnasal primary localization
Distant lymph node involvement*

Age > 60 yr

Stage ll/IV disease

Nonnasal primary localization
Distant lymph node involvement*

Detectable plasma EBV DNA
Low: 0 Low: 0-1
Intermediate: 1 Intermediate: 2
High: 2-4 High: 3-5
3-y 0S 3-y 0S
Low: 81% Low: 81%
Intermediate: 62% Intermediate: 55%
High: 25% High: 28%

Every item scores 1 point.

EBV = Epstein-Barr virus; ENKTL = extranodal natural killer/T-cell lymphoma; NK = natural killer;
0S = overall survival; PINK = prognostic index of natural killer lymphoma; PINK-E = prognostic
index of natural killer lymphoma-EBV.

*Axillary, infraclavicular, mediastinal in case of primary nasal ENKTL.
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chemotherapy/radiotherapy in standard-risk disease has no addi-
tional value compared to radiotherapy alone, with a 5-year over-
all survival (OS) of 87% for the group with radiotherapy alone
versus 88% for the group with combined chemoradiotherapy. By
contrast, in high-risk disease, the S-year OS for combined chemo-
radiotherapy was 72 %, which compares favorably with the 60%
S-year OS for radiotherapy alone. Yang et al® defined disease as
high risk when 1 or more of the following factors were present:

1. Ann Arbor stage I

2. Age > 60 years

3. Elevated lactate dehydrogenase

4. Eastern Cooperative Oncology Group performance score >2
5. Primary tumor invasion into surrounding anatomic structures

These outcome data and risk stratifications were confirmed
in a retrospective study by Liu et al* that also included patients
treated with nonmultidrug resistance (MDR)-based treatment.
These authors found no difference between treatment with radio-
therapy or chemoradiotherapy in the low risk (none of above
factors present) and intermediate risk (1 factor present) catego-
ries, although there was a clear trend in favor of treatment with
radiotherapy combined with a non-MDR-based chemotherapy
regime. However, patients in whom > 2 factors were present
derived clear survival benefit when treated with radiotherapy
combined with a non-MDR-based chemotherapy regime.?

In a retrospective study including 642 patients with stage
I-II disease, Vargo et al’! showed that patients treated with
chemotherapy alone had an inferior OS (32% 5-y OS in the
chemotherapy alone group compared to 53% in the radiother-
apy alone group and 58% in the combined chemoradiotherapy
group). These investigators also found that OS was significantly
lower with radiation doses of less than 50 Gy (5-y OS < 50
Gy 38% versus > 50 Gy 53%). Another retrospective study has
also shown that the risk of a locoregional relapse increases with
doses < 50-52 Gy.>?

Most existing clinical data are based on the use of outdated
3D conformal radiation therapy, but radiotherapy techniques
have improved over the last decades. Newer techniques such
as intensity-modulated radiotherapy (IMRT) improve target
coverage? and make it possible to reduce doses to organs at
risk (OARs).>* Compared to IMRT, volumetric-modulated arc
therapy reduces treatment time but delivers higher mean doses
to OARs.?* Further reduction of dose to OARs, especially the
integral dose to the body that is relevant to the induction of sec-
ondary cancers, can be achieved using proton therapy.*

www.hemaspherejournal.com

The International Lymphoma Radiation Oncology Group
(ILROG) guideline states that the clinical target volume includes
the entire involved cavity and adjacent structures. This is because
ENKTL is locally destructive and may have infiltrated in adja-
cent tissues without macroscopic changes. Magnetic resonance
imaging and PET differentiation between tumor and inflam-
matory tissue/retained mucus is also frequently challenging.?®
The guideline recommends that the delivered radiotherapy dose
should be at least 50 Gy preferably using an IMRT technique,
with eventually 5-10 Gy boost in case of residual disease.'®

Choice of chemotherapy

In the past chemotherapeutic treatments consisted of
cyclophosphamide, doxorubicin, vincristine, and predniso-
lone (CHOP)-like regimens and achieved 5-year OS rates of
less than 50%. In the mid-1990s, it was demonstrated that
ENKTL expresses the MDR1/ABCB1 gene and its product
P-glycoprotein. This indicated that anthracycline-containing
regimens should be avoided and non-MDR~-dependent thera-
pies should be the first choice of therapy, examples of which are
asparaginase- or platinum-based therapies.>!"”

Asparagine is a nonessential amino acid that can be synthe-
sized from aspartic acid in healthy cells (Figure 3) and cellular
synthesis of asparagine is accomplished by the enzymatic action
of asparagine synthetase. Asparaginase is an enzyme that breaks
down asparagine, reducing cellular levels of the amino acid.
Insufficient levels of cellular asparagine lead to reduced DNA,
RNA, and protein synthesis, inhibition of cell growth, and ulti-
mately to the activation of apoptotic cell death.?” As glutamine
can be used as an amino group donor in asparagine synthesis, it
has been suggested that both asparaginase and glutamine should
be depleted for optimal therapeutic effect.?® Importantly, NK
cells lack the asparagine synthase activity found in most normal
cells, and asparaginase has been shown to induce apoptosis in
NK/T-cell lymphoma cell lines in vitro.” It was subsequently
shown that asparaginase is effective in patients relapsing after
CHOP-based therapy.3®3!

The 2 main treatment strategies used for high-risk profile
stage I/II disease, either concurrent chemoradiotherapy (CCRT)
or a sandwich approach, showed no differences in outcome in a
large retrospective study.*

A commonly used CCRT schedule combines radiotherapy
(50 Gy) and 3 cycles of dexamethasone, etoposide, ifosfamide,
and carboplatin (DeVIC). A phase 2 study showed a complete

Newly diagnosed

Relapse/
refractory

4 4

4 A

Stage | (high risk)

St I isk
age tlowris or stage Il

A 7

SMILE sandwich
GELOX sandwich
2/3 DeVIC + radiotherapy
VIDL + radiotherapy

Radiotherapy
50-56 Gy

SMILE + allogeneic HCT or
Sl GELOX + allogeneic HCT
A4
3 SMILE +
Autologous HCT

Figure 2. Proposed treatment algorithm. DeVIC = dexamethasone, etoposide, ifosfamide, and carboplatin; GELOX = gemcitabine, oxaliplatin, and L-asparaginase;
HCT = hematopoietic cell transplantation; SMILE = dexamethasone, methotrexate, ifosfamide, L-asparaginase, and etoposide; VIDL = etoposide, ifosfamide, dexamethasone, and

L-asparaginase.
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Normal cells

glutamine
asparagine

asparaginase

aspartic acid
glutamic acid

NK/T cells without asparaginase

glutamine
asparagine

~HO
asparaginase

NH

2

aspartic acid
glutamic acid

NK/T cells with asparaginase

glutamine
asparagine

asparaginase

aspartic acid
glutamic acid

Figure 3. Mechanism of action of asparaginase. The lack of asparagine synthetase in NK/T-cells means that they are dependent on exogenous asparagine
and glutamine. By degrading asparagine and glutamine to aspartic acid and glutamic acid, asparaginase inhibits essential intracellular protein synthesis and

triggers cell death. NK = natural killer.

remission (CR) rate of 77%, a 5-year OS of 70%, and progres-
sion-free survival (PFS) of 63%.3 These outcomes were later
confirmed in a large retrospective study in Japan.**

A schedule used in Korea combined 40-44 Gy radiotherapy
with cisplatin once a week, followed by 2 cycles of VIDL (etopo-
side, ifosfamide, dexamethasone, and L-asparaginase). Eighty-
seven percent of the patients reached CR and the 5-year OS
and PFS were 73% and 60%, respectively.>* Two other CCRT
treatment protocols used in Korea are VIPD (etoposide, ifosfa-
mide, cisplatin, and dexamethasone) and MIDLE (methotrex-
ate, ifosfamide, dexamethasone, L-asparaginase, and etoposide).
In the VIPD study, 80% of patients reached CR and the 3-year
PFS and OS were 85% and 86%, respectively.’® The study using
the MIDLE regimen reported that 82% of patients reached CR

at 3-year follow-up, with an OS and PFS were 82% and 74%,
respectively.?”

The most commonly used asparaginase-containing sequen-
tial regimen is sandwich therapy with 2 cycles of SMILE (dexa-
methasone, methotrexate, ifosfamide, L-asparaginase, and
etoposide) followed by 50 Gy radiotherapy and again 2 cycles
of SMILE. Eighty-two percent of patients reached CR and long-
term response was 90%.3 A small series of non-Asian patients
whereby L-asparaginase was replaced with pegylated (PEG)-
asparaginase (modified SMILE) showed a 2-year OS of 100%
and a PFS of 83%.%’ The most common side effects were neutro-
penia and severe infections. Five patients died in the first study
due to severe infection, after adding granulocyte-colony stimu-
lating factor (G-CSF) support, no more deaths were seen due to
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Anti-PD-1
e.g. pembrolizumab,
nivolumab

Microenvironment T-cells

_gF ’ Brentuximab

Daratumumab
— QU0

Activated or chimeric
antigen receptor T-cell

Figure 4. Summary of possible new therapeutic strategies with mechanisms of action. Antibody drugs target proteins on the cellular membrane and
include brentuximab-vedotin (directed against CD30) and daratumumab (directed against CD38). Anti-PD-1 antibodies (pembrolizumab, nivolumab) target
microenvironmental T-cells that become inactivated when bound to PD-L1 expressed on a lymphoma. LMP1 is a transmembrane protein produced by EBV
that activates the NF-kB pathway and leads to proliferation and lymphomagenesis. This, in turn, upregulates PD-L1. Other possible targets are CAR-T or BITE
directed against LMP1 or CD276 (B7-H3). BITE = bispecific antigen engager; CAR-T = chimeric antigen receptor T-cells; EBV = Epstein-Barr virus; LMP1 = latent membrane protein
1; NF-kB = nuclear factor kappa B; PD-1 = programmed cell death protein 1; PD-L1 = programmed death-ligand 1.

infection.?! SMILE should only be prescribed to fit patients and
when accompanied by G-CSF support.

Gemcitabine-based therapies have been combined with
asparaginase in some studies. A study by Wang et al** combined
GELOX (gemcitabine, oxaliplatin, and L-asparaginase) treat-
ment with 56 Gy radiotherapy and reported a CR rate of 74%
and a 2-year OS and PFS of 86%. This study also found less
hematological toxicity than studies in which courses of SMILE
were used (see also Table 2).

Treatment of stage lll/IV disease

In a phase II study in stage IV disease, the response after 2
cycles of SMILE was 80%, whereby 40% reached a CR,*' the OS
after 1 year was 55% and the PFS 53%. L-asparaginase could
be replaced with PEG-asparaginase 1500-2500 IE/m? on day
8%and the cycle shortened to 21 days with PEG-asparaginase.
If an allergic reaction to L-asparaginase or PEG-asparaginase
occurs, an alternative is Erwinia asparaginase 25000 IE/m? 3
times a week (6 doses in total) as a replacement for 1 dose of
PEG-asparaginase or 7 doses of L-asparaginase.*!

In a retrospective study of 25 patients with stage III/IV or
relapsed disease, treatment with P-GEMOX (PEG-asparaginase,
gemcitabine, oxaliplatin) was promising, with responses of
80%, including 51% with CR. However, as 2-year PFS was only
39% responses seem to be short-lived.** Another combination
in use is GDP (gemcitabine, dexamethasone, and cisplatin) (see

also Table 3).# To our knowledge, only 1 study has directly
compared a gemcitabine/platinum-based regimen to a SMILE
regimen.* In this study, DDGP (PEG-asparaginase, gemcitabine,
cisplatin, and dexamethasone) was randomized against SMILE.
After 3 years, PFS was 57% for the DDGP group and 42% for
the SMILE group, which was accompanied by a 5-year OS of
74% for the DDGP group and 52% for the SMILE group.*
Although the outcome of the DDGP-treated arm appears prom-
ising, there are several caveats associated with this study. First,
reported outcomes for the DDGP group are much better than
for other previously reported gemcitabine-based regimens, even
though differences in medication are minimal. Second, a consid-
erable number of patients in the SMILE group did not complete
treatment, with only 42% completing 6 cycles and 19% not
even completing 1 cycle. Third, more patients died due to toxic-
ity in the SMILE group than expected, probably due to lack of
G-CSF support in the SMILE group. And finally, this study com-
pared L-asparaginase with PEG-asparaginase. We know from
studies of acute lymphoblastic leukemia that the latter causes
fewer allergic reactions and is probably more effective due to
less antibody-mediated neutralization. Thus, due to the early
dropout in the SMILE group, intention-to-treat analysis was
probably not the best approach when comparing the 2 groups,
and a per-protocol analysis of the patients that completed at
least 1 cycle would have been a better comparison in terms of
effectiveness. In conclusion, DDGP is probably less toxic than
SMILE, but SMILE is probably more effective than reported
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No. Patients Response PFS
Treatment Stage (n) (%) (%) 0S (%) Grade 3/4 Toxicity (%) References
Radiotherapy 50-56 Gy | low risk 298 NA 5-y79 5-y 89 NA Yang et al®
2/3 DeVIC + 50 Gy radiotherapy I/l 33 CR77 5-y 63 5-y70 Neutropenia 93 Yamaguchi
Infection/febrile neutropenia 15 etal®
TRM 0
2/3 DeVIC + 50 Gy radiotherapy /1l 150 NA 5-y 61 5-y72 Neutropenia NA Yamaguchi
Infection/febrile neutropenia 22 etal*
TRM 0
Cisplatin + 45 Gy radiotherapy + 2 VIDL /11 30 CR87 5-y 60 5-y 73 Neutropenia 80 Kim et al*®
Infection/febrile neutropenia 17
TRM 0
Cisplatin + 45 Gy radiotherapy + 2 MIDLE /1l 28 CR 82 3-y74 3-y 82 Neutropenia 91 Yoon et al*”
Infection/febrile neutropenia 44
TRM 4
Cisplatin + 45 Gy radiotherapy + 3 VIDP 1711 30 CR 80 3-y 80 3-y 86 Neutropenia 47 Kim et al*
Infection/febrile neutropenia 15
TRM 7
SMILE + > 40 Gy radiotherapy I/l 17 CR 69 NA NA Neutropenia 67 Kwong et al*®
Infection/febrile neutropenia 31
TRM 6
mSMILE + 45 Gy radiotherapy I/l 11 NA 2-y 83 2-y 100 NA Qi et al*®
GELOX + 56 Gy radiotherapy I/l 27 CR74 2-y 86 2-y 86 Neutropenia 33 Wang et al*?
Infection NA
TRM 0

CR = complete remission; DeVIC = dexamethasone, etoposide, ifosfamide, and carboplatin; GELOX = gemcitabine, oxaliplatin, and L-asparaginase; MIDLE = methotrexate, ifosfamide, dexamethasone,
L-asparaginase, and etoposide; mSMILE = dexamethasone, methotrexate, ifosfamide, PEG-asparginase; NA = not available; OS = overall survival; PFS = progression-free survival; SMILE = dexameth-
asone, methotrexate, ifosfamide, L-asparaginase, and etoposide; TRM = treatment-related mortality; VIDL = etoposide, ifosfamide, dexamethasone, and L-asparaginase; VIDP = etoposide, ifosfamide,

dexamethasone, L-asparaginase.

here and the side effects are acceptable when good support is
provided. Nonetheless, gemcitabine/platinum-based therapies
may possibly represent more effective treatments in less fit
patients.

Radiotherapy has no standard role in the treatment of stage
II/IV disease, but some small series have reported positive
trends when radiotherapy was used following chemotherapy in
cases with a bulky mass.* Patients with residual disease have
reportedly converted to CR (6/8 patients converted from par-
tial remission [PR] to CR) and the 2-year OS for the group
undergoing radiotherapy was 81.5% compared to 40.2% with

Treatment of Stage lll/IV/Relapsed Disease.

no radiotherapy.* It should be noted that 67% of the patients
in this 2015 study were treated with a nonasparaginase-based
therapy. Nevertheless, further studies to establish the role of
radiotherapy in stage III/IV disease are warranted.

Refractory or relapsed disease

Patients previously treated with SMILE or refractory to
SMILE can be treated with gemcitabine and platinum-based
regimens. Examples include P-GEMOX, possibly followed by

Treatment Stage No. Patients (n) Response (%) PFS (%) 0S (%) Grade 3/4 Toxicity (%) References
SMILE [Il/IV, refractory, relapsed 38 ORR 79 1-y 53 1-y 55 Neutropenia 100 Yamaguchi et al®'
CR 45 Infection/febrile neutropenia 61
TRM 0
SMILE 71V, refractory, relapsed 47 ORR NV 81 4-yR/R 68,2 5-yR/R 52,3 Neutropenia 67 Kwong et al*®
ORRR/R 75 St /v NA StV NA Infection/febrile neutropenia 31
TRM 6
DDGP [II/IV, refractory, relapsed 80 ORR 90 3-y 57 5-y74 Neutropenia 71 Li et al*
Infection/febrile neutropenia NA
TRM 0
P-GEMOX [II/IV, refractory, relapsed 35 ORR 94 2-y 39 2-y 65 Neutropenia 40 Wang et al*?
CR 26 Infection/febrile neutropenia NA
TRM 0
GDP [Il/IV, refractory, relapsed 4 ORR 83 1-y 55 1-y73 Neutropenia 34 Wang et al*®
CR 42 Infection/febrile neutropenia NA
TRM 0

CR = complete remission; DDGP = PEG-asparaginase, gemcitabine, cisplatin, and dexamethasone; GDP = gemcitabine, dexamethasone, and cisplatin; NA = not available; ORR = overall response rate;
0S = overall survival; PEG = pegylated; PFS = progression-free survival; P-GEMOX = PEG-asparaginase, gemcitabine, and oxaliplatin; SMILE = dexamethasone, methotrexate, ifosfamide, L-asparaginase,

and etoposide; TRM = treatment-related mortality.
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consolidation with allogeneic hematopoietic cell transplantation
(HCT). Rechallenge with an asparaginase-based therapy is possi-
ble if 6 months have passed since last treatment with SMILE, as
a retrospective study by Lim et al*” showed a 50% response rate,
whereas patients retreated within 6 months were nonresponders.

Autologous hematopoietic cell transplantation

In the prospective studies by Yamaguchi et al,*® Kwong et
al,’® and Wang et al,* a proportion of patients received either
autologous HCT (Wang et al** 20%, Yamaguchi et al*' 11%,
and Kwong et al*®* 16%) or allogeneic HCT (Yamaguchi et al®!
45% and Kwong et al’® 9%) as a form of consolidation ther-
apy. A prospective Korean study using a SMILE regimen and
autologous HCT described transplants in 11 of 27 patients; the
2-year OS was 63% and the 2-year PFS was 55%.* Of the 3
patients who reached CR but were not consolidated with an
autologous HCT, 2 died due to relapse. The study by Kwong et
al’® mentioned that of those who did not receive a consolida-
tion, 41% stayed in CR. Two recent retrospective studies from
the European Society for Blood and Marrow Transplantation
and American Society for Blood and Marrow Transplantation
showed that consolidation with an autologous HCT has no
place in the first line in the case of stage I/l disease associated
with good survival (>70%) following sandwich chemoradio-
therapy.*»*° In stage III/IV disease, an autologous HCT may
have added value and is recommended in both the European
Society for Medical Oncology and NCCN guidelines.!®!

The number of cycles before transplantation is not estab-
lished. In the Kwong et al*® and Yamaguchi et al’! studies, 2-3
cycles were administered before transplantation. In the study by
Kim et al,* 3 cycles were administered before transplantation.

Allogeneic hematopoietic cell transplantation

In patients who underwent an earlier autologous HCT and
relapsed or in patients who did not achieve CR after first line of
therapy, an allogeneic HCT could be considered. There is limited
(retrospective) data available on the role of allogeneic HCT. The
largest series is found in a retrospective study based on data avail-
able at the Center for International Blood and Marrow Transplant
Research (CIBMTR), gathered between 2000 and 2014.> This
study included 82 patients, with 30% receiving an allogeneic HCT
in the first line and 60% after >1 line of therapy (10% unknown).
Fifty-nine percent received reduced intensity conditioning and
38% myeloablative conditioning. The 3-year PFS and OS were
28% for the reduced intensity conditioning group and 34% for
the myeloablative conditioning group, respectively. No further
relapses were seen after 24 months, and there was no significant
difference in PFS and OS between upfront allogeneic HCT ver-
sus transplantation at relapse. It should be noted that just 38%
of the patients received asparaginase-based therapy before allo-
geneic HCT.’? A retrospective Asian study of allogeneic HCT in
18 patients with mostly stage III/IV or relapsed disease showed a
S-year OS of 51%, and no further relapses at 20 months.*?

New therapeutic strategies

A new and promising therapy therapeutic option are the
immune checkpoint inhibitors. ENKTL cells show upregulation
of PD-L1, and 1 mechanism of action is via EBV triggering of
latent membrane protein 1 (LMP1), which then upregulates
PD-L1 expression through activation of the mitogen-activated
protein kinases pathway/nuclear factor kappa B pathway
(Figure 4).'° This suggests that programmed cell death protein
1/PD-L1 inhibitors are a rational choice. In 5 small retrospective
series, responses of up to 100% and CR rates of up to 71% were
found, despite extensive earlier treatment with L-asparaginase
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and platinum-based therapy.’*>” The 2 largest series, reported by
Kwong et al** and Couronné et al,’” included 7 and 13 patients,
respectively. In the Kwong et al** study, 5 patients reached CR
(2 after previous allogeneic HCT) and 2 achieved PR. In the
Couronné et al*’ series, only 3 of 13 patients reached CR and 2
PR. Another study, in this case from China (Orient-4), used an
anti-programmed cell death protein 1 antibody, sintilimab, and
reported CR or PR in 68 % of the patients.’® Several studies of sin-
tilimab are ongoing in China (NCT04004572, NCT04127227,
NCT03936452), and phase II studies are currently being con-
ducted in the United States using pembrolizumab in patients
with NK/T-cell lymphoma, including both stage I/Il and III/IV
disease (NCT03728972, NCT03586024).

Other potential targets include CD38 and CD30. Two case
reports have described successful treatment with daratumumab
(an antibody directed against CD38),>% although a phase IT study
with daratumumab monotherapy showed barely any response. Of
the 32 patients included in the latter study, the responses included
0 reaching CR, 8 PR, 5 stable disease, 14 progressive disease, and
5 patients were not evaluable.®® Median response duration was
55 days. In addition, 2 case reports have described treatment with
brentuximab-vedotin (antibody-drug conjugate directed against
CD30), 1 as a monotherapy and 1 in combination with benda-
mustine, but both with reportedly good responses.®>¢3

Studies are currently underway using chimeric antigen receptor
T-cells directed against LMP1.%* In an earlier study with autol-
ogous cytotoxic T-lymphocytes directed against LMP1, 3 out of
11 patients achieved long-term remission.® Promising results were
also seen in vitro and in mice with chimeric antigen receptor T-cells
and bispecific T-cell engager directed against B7-H3 (CD276).5

As Xiong et al®” demonstrated in their recent publication,
mutations in ENKTL are very heterogeneous with different sub-
types and with different responses to therapy. More personalized
treatment approached will probably be developed in the future.
A possible target might be the Janus kinases/signal transducer
and activator of transcription protein pathway, especially as
Janus kinases 3/signal transducer and activator of transcription
protein 3 and STATS5B seem to be upregulated in ENKTL.%7°

Follow-up

After intensive treatment, strict follow-up is important and the
focus should lie on toxicity following chemotherapy and radio-
therapy, together with early identification of recurrent disease.
Standard follow-up should include plasma EBV-PCR, as any
sign of an increase in EBV means that relapse is inventible, even
when a patient has been in remission for years.? Serial measure-
ment of EBV load is therefore strongly recommended. Toxicity
following chemotherapy is highly dependent on the chemo-
therapy schedule used. One very specific radiotherapy-related
toxicity is the development of obstruction of the nasopharynx
and nasal secretion, which might be due to fibrosis and inflam-
mation but could also be a sign of recurrent disease. To further
differentiate between fibrosis and recurrence or residual disease,
an FDG PET-CT should be performed. Within the first months
after treatment, a positive FDG PET-CT is not uncommon due
to posttreatment inflammation. In case of FDG-PET positive
lesions, a biopsy should be taken. In case of nasal obstruction, a
nasal lavage or cleavage of fibrosis is often needed.
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