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  Abstract 

 Natural killer (NK) cell-derived neoplasms 
are a group of uncommon, heterogeneous and 
highly aggressive malignancies mainly seen in 
Asian and South American populations. The 
involvement of children is less common com-
pared to adults and hence exclusive pediatric 
data is lacking and many management decisions 
are based on adult data. They are classi fi ed by 
the World Health Organization (WHO) into 
extranodal NK/T-cell lymphoma (nasal and 
extranasal) (ENKL) and aggressive NK cell 
leukemia (ANKL). NK cell lymphoblastic 
lymphoma and chronic lymphoproliferative 
disorder of NK cell are included in provisional 
category. While myeloid/NK cell leukemia is 
considered as a type of AML and Hematodermic 
NK cell neoplasm is considered dendritic cell 
neoplasm. NK cell neoplasm is characterized by 
polymorphic neoplastic in fi ltrate, angioinvasion 
and/or angiodestruction, cytoplasmic azurophilic 
granules, CD2 + /surface CD3 − /cytoplasmic 
CD3 e  + /CD56 +  phenotype and Epstein-Barr 
virus (EBV) infection. Cytogenetic study shows 
recurrent aberrations of 6q, 11q, 13q, and 17p. 
T cell receptor (TCR) genes are always in 
germline con fi guration. Mutations of p53, 
C-KIT, FAs gene and B-catenin are frequently 
seen. NK-cell neoplasms are often resistant 
to conventional combination chemotherapy due 
to p-glycoprotein expression and associated 
multidrug resistance. L-asparaginase based 
chemo therapy gives better outcome. The prog-
noses of both localized and advanced stages of 
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NK-cell malignancies are worse than majority 
of other lymphoid malignancies. Stem cell trans-
plantation is recommended for the advanced/ 
relapsed disease. Studies are currently underway 
to assess the safety, ef fi cacy and outcomes of 
chemotherapy, molecular pathway inhibitors and 
monoclonal antibodies.      

   Introduction 

 Natural killer (NK) cells constitute < 5% of 
peripheral blood lymphocytes that mediate lysis 
of tumor cells and bacteria- or virus-infected cells 
and the production of immunomodulatory cytok-
ines. NK cells are derived in the bone marrow 
from CD34 +  hematopoietic progenitor cells 
(HPCs) through the intermediate developmental 
stages of lymphoid stem cells, bipotential T/NK 
progenitor cells and committed NK progenitor 
cells (Liang and Graham  2008  ) . Morphologically, 
mature NK cells are large granular lymphocytes 
(LGLs), with germ line T cell receptor (TCR) and 
immunoglobulin gene con fi gurations. NK cells 
have abundant pale cytoplasm with azurophilic 
granules containing cytolytic molecules such as 
perforin, granzyme B, and TIA-1. NK cells show 
a variable expression of the T lineage-associated 
antigens, such as CD2, CD7 and CD8. They are 
typically negative for surface-CD3 and myeloper-
oxidase (MPO) and express cytoplasmic CD3 e  
chain. CD16, CD56, and CD57 are NK-associated 
markers, out of which, CD56 (neuronal cell adhe-
sion molecule [N-CAM]) is the most consistently 
expressed. However, CD56 can also be expressed 
on cytotoxic T lymphocytes, neural/neuroendo-
crine tissues and skeletal muscle (Siu et al.  2002 ; 
Liang and Graham  2008  ) . 

 Neoplasms of the NK cells and NK-like T 
cells are uncommon and are prevalent in Asian 
and Central and South American populations 
(   Schwartz et al.  2008 ). The peripheral T-cell and 
NK/T-cell neoplasms comprise 5–10% of all 
Non-Hodgkin lymphoma (NHL) in Western 
countries and 15–20% of NHL in Asia. EBV 
infection is believed to be responsible for NK cell 
neoplasm as EBV encoded RNA (EBER) in a clonal 
episomal form is consistently demonstrated by in 

situ hybridization (ISH) (Siu et al.  2002  ) . In fact, 
demonstration of EBV in the neoplastic cells is a 
diagnostic requisite in WHO classi fi cation of 
NK-/T-cell lymphoma (Chan et al.  2008  ) .  

   Classi fi cation of NK Cell Neoplasm 

 In the 1994 Revised European-American Lymphoma 
(REAL) classi fi cation, NK cell malignancies were 
included within the categories of large granular 
lymphocytic leukemia and angiocentric lymphoma 
(Harris et al.  1994  ) . Their distinct nature was 
formally acknowledged at a slide workshop on 
nasal and related extranodal angiocentric T/NK 
cell lymphomas by Jaffe et al.  (  1996  ) , who 
classi fi ed NK cell neoplasm into three categories: 
precursor NK cell leukemia, nasal and nasal-type 
NK cell lymphoma, and aggressive NK cell leu-
kemia. The new World Health Organization 
(WHO) classi fi cation encompasses three distinct 
entities of NK cell neoplasms: extranodal NK/T-
cell lymphoma (nasal and extranasal) (ENKL) 
and aggressive NK cell leukemia (ANKL) (Chan 
et al.  2001 ). Aggressive NK cell leukemia and 
extranodal NK cell lymphoma, nasal types origi-
nate from mature NK cells (Liang and Graham 
 2008  ) . Chronic lymphoproliferative disorder of 
NK cell and NK/lymphoblastic lymphoma are 
included in provisional category. While myeloid/
NK cell leukemia is considered as a type of AML 
and Hematodermic NK cell neoplasm is consid-
ered a dendritic cell neoplasm. 

 Extranodal NK/T-cell lymphoma (angiocen-
tric lymphoma in the REAL classi fi cation) con-
stitutes most cases of NK cell neoplasms. The 
term “nasal” is used when the primary site of 
involvement is the nasal cavity and the upper 
aerodigestive tract, while “extranasal” or “nasal-
type” represent the counterpart of nasal NK cell 
lymphomas and involve any other part of the 
body. Nasal NK cell lymphoma must be excluded 
by CT scan and/or multiple biopsies from nasal 
septum before diagnosing extranasal type. 

 An aggressive NK cell leukemia is an uncommon, 
aggressive, systemic proliferation of NK cells with 
more than 30% blasts of NK cell origin with rapidly 
declining clinical course and poor prognosis. 
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 Hematodermic neoplasm (blastic NK cell 
lymphoma) is now considered a dendritic cell 
neoplasm rather than NK cell neoplasm due to 
following observations (1) This tumor is CD4 + /
CD56 +  and also expresses CD68 and CD123 (the 
interleukin [IL]- 3 receptor) (Chan et al.  2001  )  . 
CD 123 is dendritic cell marker (2) absence of 
EBV, TIA-1, granzyme B and perforin (all NK 
cell markers). Skin in fi ltration of hematodermic 
neoplasm, NK cell lymphoma and myelomono-
cytic leukemia are CD4+/CD56+ but skin 
in fi ltration of hematodermic neoplasm lacks 
angiodestruction and necrosis unlike NK cell 
lymphoma while skin in fi ltration of Hematodermic 
neoplasm is esterase/peroxidase/T cell lymphoma 
one antigen negative unlike skin in fi ltration due 
to AML-M4. 

 Myeloid/NK-cell precursor acute leukemia is 
CD 56+/CD 33+ and is now considered as AML 
and not NK cell neoplasm. This leukemia affects 
young population and has frequent extramed-
ullary in fi ltration. Precursor NK-cell acute 
lymphoblastic leukemia and chronic NK-cell 
lymphoproliferative disorders are included in 
probable category of NK cell neoplasm. Myeloid/
NK-cell precursor acute leukemia and Precursor 
NK-cell acute lymphoblastic leukemia have poor 
prognosis. Chronic NK-cell lymphoproliferative 
disorder is less aggressive and has an indolent 
course in concordance with the T-cell large gran-
ular lymphocytic leukemia. 

 Chronic lymphoproliferative disorder of 
NK-cells, previously designated as chronic 
NK-cell lymphocytosis, chronic NK-large granu-
lar lymphocyte lymphoproliferative disorder and 
NK-cell LGL lymphocytosis, are characterized 
by a persistent ( ³  6 months duration) increase in 
peripheral blood NK-cells (> 2 × 109/L) without 
an identi fi able cause. Since reactive and neoplastic 
proliferations are dif fi cult to distinguish, it is cur-
rently a provisional entity within the WHO 
classi fi cation. NK-cells are surface CD3-, cytoplas-
mic CD3 e  +; CD16 + with weak CD56 expression. 
Markers of cytotoxic T cells such as TIA1, 
granzyme B and granzyme M are positive. The 
expression of CD2, CD7, and CD57 may be 
reduced or absent while aberrant co-expression 
of CD5 and CD8 can be seen. Expression of the 

KIR family of NK cell receptors is either restricted 
to one isoform or completely lacking. 
Immunoglobulin and TCR genes are in germ line 
con fi guration and karyotype is normal in most 
cases. In contrast to aggressive NK-cell leuke-
mia, EBV is negative. There is expression of Fas 
ligand by the neoplastic cells with elevated serum 
levels (Lim et al.  2009  ) .  

   Clinical Presentation 

 ENKL shows a predilection for Asians, Mexicans, 
Central and South Americans. It represents 3.3% 
of all non-Hodgkin’s lymphoma in Japan, 6% in 
Hong Kong, 8% in Korea and 5% in Taiwan 
(Suzuki  2005  ) . The median age is 53 years and 
the male to female ratio is about 3:1 (Cheung 
et al.  2003  ) . 

 Nasal NK/T-cell lymphoma is the predomi-
nant histologic type of primary lymphoma of the 
nasal cavity in the Asian population. The patients 
present with a mass or progressive ulceration and 
destruction of the midline facial structures involv-
ing the nasal cavity, nasopharynx, paranasal 
sinuses, tonsils, hypopharynx and larynx. The 
common symptoms include nasal discharge, 
nasal obstruction, purulent rhinorrhea, epistaxis 
and local swelling of the nasal bridge. In patients 
with more advanced disease, there may be ery-
thema, swelling of the face, proptosis, nasal sep-
tal perforation and impairment of extraocular 
movement. Erosion of the  fl oor of the nasal cav-
ity may result in the destruction and perforation 
of the hard palate. In about 10% of patients, 
hemophagocytic syndrome complicates the dis-
ease characterized by fever, rapidly developing 
pancytopenia, hemophagocytic histiocytes in the 
bone marrow, coagulopathy, and rapid deteriora-
tion in liver function. Lymph node involvement at 
presentation is uncommon and there is rare 
involvement of distant sites such as the skin, liver, 
lung, gastrointestinal tract and testis. Thus, most 
patients (~ 82%) have an early stage disease 
(stage I/II) at presentation (Siu et al.  2002  ) . 

 Extranasal NK cell lymphomas (“non-nasal” 
or “nasal-type” NK/T cell lymphomas) represent 
the counterpart of nasal NK cell lymphomas 
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involving sites other than the nasal cavity and 
nasopharynx. The median age of presentation 
and male predominance is similar. Most patients 
have involvement of multiple anatomic sites at 
presentation, in the absence of super fi cial lymph-
adenopathy. The predominant sites are skin, 
upper aerodigestive tract (such as palate and 
larynx), gastrointestinal tract, salivary glands, 
spleen, testis, soft tissues, (especially muscle), 
central nervous system, lungs and liver. Isolated 
nodal involvement is highly unusual. The pri-
mary sites of non-nasal NK-cell lymphomas are 
also the areas where nasal NK-cell lymphomas 
tend to disseminate (Cheung et al.  2003  ) . 
Therefore, the diagnosis of extranasal NK cell 
lymphoma requires the exclusion of nasal 
involvement at presentation. The skin lesions 
may be nodules, plaques with ulceration and 
necrosis or diffuse erythematous swelling. 
Intestinal perforation due to necrosis may be seen 
unlike bowel obstruction in conventional intesti-
nal lymphomas. Common systemic symptoms 
include fever, malaise and weight loss. Additional 
sites of the disease are often identi fi ed on staging. 
Hemophagocytic syndrome presents with rapidly 
developing pancytopenia. The disease is highly 
aggressive. Chan et al. have reported only 10% 
2-year disease-free survival (Chan et al.  1997  ) . 
The worse prognosis may be because most 
patients were in stage III or IV, had higher 
International Prognostic Index, lactate dehydro-
genase levels (LDH), low hemoglobin and plate-
let levels compared with nasal NK/T-cell 
lymphoma (Cheung et al.  2003  ) . 

 Aggressive NK cell leukemia,  fi rst character-
ized by Imamura et al. ( 1988 ) is often designated 
as “leukemia/lymphoma” because of the con-
comitant features of both forms. This is a cata-
strophic, systemic disease and is more prevalent 
in Asians than in Caucasians (Chan et al.  2001  ) . 
The disease is characterized by more than 30% of 
neoplastic NK cells in the peripheral blood or 
bone marrow. In contrast to ENKL, there is no 
gender preference and early age of presentation 
(median being the third decade). Patients typi-
cally are very ill at presentation with fever, liver 
dysfunction, hepatosplenomegaly, systemic 
lymphadenopathy, leukemic blood picture and 

sometimes accompanied by a reactive 
hemophagocytosis. Coagulopathy and multi-
organ failure are common. Serum lactate 
dehydrogenase and Fas ligand are elevated. In 
contrast to ENKL, skin lesions are uncommon 
(Cheung et al.  2003 ; Ishida and Kwong  2010  ) . 

 Chronic NK- lymphocytosis (CNKL) is char-
acterized by a chronic expansion of mature 
looking peripheral blood NK cells ( ³  600/mL) 
without lymphadenopathy or organomegaly for 
 ³  6 months. The median age of presentation is 
60.5 years (range, 7–77 years) without sex 
predominance. CNKL has a chronic, indolent 
course. It can present with neutropenia, pure red 
cell aplasia, vasculitis and fever with unknown 
origin. Most patients have an indolent course but 
some may progress with increasing lymphocyto-
sis and/or worsening of cytopenias. Rarely, 
patients may transform to an aggressive NK-cell 
disorder (Greer and Mosse  2009  ) . CNKL may be 
reactive to viral infections or underlying solid 
tumors, careful search for infection and solid 
tumor is recommended (Suzuki  2005  ) .  

   Diagnostic Work-Up 

 The diagnoses of NK cell neoplasm requires: 
expression of at least one NK cell marker (CD56, 
CD16, or CD57); lack of expression of surface 
CD3, B-cell antigens (CD19 and CD20), MPO 
and other lineage markers; and/or germline 
con fi guration of TCR and Ig genes. EBV status 
provides the supportive evidence. It is important 
to distinguish T-cell neoplasms, myelomono-
cytic neoplasms and myeloid neoplasms with 
CD56 expression and hematodermatic neoplasm 
from true NK cell neoplasms (Liang and Graham 
 2008  ) . 

 Examination of the nasal tumor by nasal 
panendoscopy and biopsy of every involved or 
suspicious area should be done in a case of sus-
pected NK cell lymphoma. The specimen should 
be as sizeable as possible to avoid including just 
the necrotic areas, because tumor zonal necrosis 
is characteristic of NK-cell lymphomas. The 
specimens should not be  fi xed in formalin and 
should be sent fresh to the laboratory for cryostat 
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sectioning or  fl ow cytometric analysis. This will 
enable the detection of surface CD3, which dis-
tinguishes between T and NK cell lymphomas. 
NK cell lymphoma lacks surface CD3 while T 
cell neoplasm shows surface CD3. Surface CD3 
is positive in NK cell neoplasm if the tissue is 
preserved. However, if fresh tumor biopsies are 
not available, TCR gene rearrangement study 
helps. TCR genes are germline in NK-cell lym-
phomas but are clonally rearranged in T-cell lym-
phomas (Ishida and Kwong  2010 ; Kwong  2011  ) . 

 The histological features are similar for nasal 
and extranasal NK cell lymphoma irrespective of 
the involved sites. The tumors are characterized by 
mucosal ulcerations, dense abnormal lymphoid 
cells in fi ltration, angiocentric and angiodestructive 
growth and  fi brinoid changes in the blood vessels, 
coagulative necrosis and apoptosis. Tumor cells 
may be predominantly small (8% of cases); mixed 
small and large cells (49% of cases); or predomi-
nantly large cells (43% of cases) with moderate 
amount of pale to clear cytoplasm, irregular or 
elongated nuclei, granular or vesicular chromatin, 
and inconspicuous, small nucleoli. Mitotic  fi gures 
are frequent. Giemsa-stained cytologic prepara-
tions show azurophilic granules in the cytoplasm. 
In some patients, in fl ammatory cells comprising 
of small lymphocytes, plasma cells, histiocytes 
and eosinophils are also seen (Siu et al.  2002 ; 
Cheung et al.  2003  ) . 

 Extranodal NK/T-cell lymphoma are CD2 + , 
surface CD3 − , cytoplasmic CD3 +  and CD56 +  (Ho 
et al.  1990  ) . Nasal CD3 + /CD56 −  lymphomas are 
also currently categorized as NK/T-cell lymphoma 
if they express cytotoxic molecules and harbor 
EBV. If cytotoxic molecules and EBV are negative, 
they are labeled as peripheral T-cell lymphoma 
unspeci fi ed. The clinical and histologic features of 
the CD56 −  subgroup of NK/T-cell lymphoma are 
indistinguishable from the CD56 +  subgroup. The 
T-cell receptor genes are in germline con fi guration 
in NK cell neoplasms and EBV is nearly always 
positive. EBV association is strong in Oriental 
patients, but less consistent in Caucasians. The 
most commonly observed cytogenetic changes in 
nasal type NK cell lymphoma are del (6) (q21–q25), 
del (17) (p12–p13), del (13) (q14–q34), and gain 
of 1p32-pter (Cheung et al.  2003  ) . 

 Radiologic imaging of NK cell lymphomas is 
an essential initial evaluation for staging. 
Computerized tomographic (CT) scan is better 
for detection of bony involvement; magnetic res-
onance imaging (MRI) is superior for soft tissue 
in fi ltration. Positron emission tomography (PET) 
is very useful for other systemic sites. NK cell 
lymphomas are moderately 18-  fl uorodeoxy-
glucose (FDG) avid, with an approximate stan-
dardized uptake value of about 5–10. A routine 
lumbar puncture is not necessary as CNS involve-
ment is uncommon (Ishida and Kwong  2010  ) . 

 The nasal and upper aerodigestive tract must 
be thoroughly examined and biopsies taken for 
patients presenting with the disease at non-nasal 
sites to exclude nasal NK cell lymphoma with 
involvement of distant organs. PET scans are use-
ful to detect occult tumors. 

 An increase in circulating plasma EBV DNA 
is observed, possibly due to the release of viral 
DNA following apoptosis of proliferating tumor 
cells. Therefore, the quanti fi cation of circulating 
plasma EBV DNA in plasma or whole blood by 
real-time quantitative polymerase chain reaction 
(Q-PCR) may be a potential surrogate tumor 
marker in NK cell neoplasm (Ishida and Kwong 
 2010 ; Kwong  2011  ) . EB virus encoded RNA-1 in 
situ hybridization should always be done from 
bone marrow in NK cell lymphoma as its pres-
ence suggests marrow in fi ltration and poor out-
come. CD 56 + cells are known to be lost in 
marrow and hence immunohistochemical stain 
for CD 56 is not useful to demonstrate marrow 
involvement (Lee et al.  2007  )  . 

 The leukemic cells may be typical large gran-
ular lymphocytes or lymphocytes with enlarged, 
convoluted nuclei, condensed chromatin, distinct 
nucleoli, and abundant pale blue cytoplasm con-
taining  fi ne or coarse azurophilic granules. In 
tissue specimens, the neoplastic in fi ltrate is dif-
fuse, destructive and permeative. The lymphoid 
cell population appears monomorphous, but can 
sometimes be polymorphous. Apoptotic bodies, 
areas of zonal cell death, necrosis, angioinvasion 
and angiodestruction are common (Liang and 
Graham  2008  ) . 

 Immunophenotypically, these leukemias are 
similar to extranodal NK/T-cell lymphomas 
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(CD56  + , CD2 + , CD7 + , cytoplasmic CD3 e   + , surface 
CD3 − ). CD16 is expressed in half of the aggressive 
NK-cell leukemias, unlike extranodal NK/T-cell 
lymphomas. The T- cell receptor gene is in germline 
con fi guration and EBV is always expressed (Siu 
et al.  2002  ) . Like ENKL, the most common 
cytogenetic abnormalities observed in aggressive 
NK-cell leukemia are deletion of 6q21–q25 and 
loss of 17p13 (Greer and Mosse  2009  ) . 

 In CNKL, bone marrow in fi ltration by small 
lymphocytes is interstitial or intrasinusoidal. 
Occasionally, patients present with slow progres-
sive increase of peripheral blood NK cells with 
organ involvement. EBV is not usually associ-
ated with CNKL. The circulating neoplastic cells 
are morphologically large granular lymphocytes. 
Moderate amount of pale cytoplasm containing 
 ³  3 azurophilic granules are also observed. The 
NK cells are CD2+, surface CD3–, cytoplasmic 
CD3 e +, CD16+ and CD56+ with variable expres-
sion of CD57. Bright, uniform CD94 and 
decreased CD161 expression may be seen. 
Cytotoxic markers including TIA-1, granzyme B 
and granzyme M are positive. Altered expression 
of NK-associated KIR (killer-immunoglobulin 
like receptors), C-type lecithin-like receptors and 
natural cytotoxicity receptors have also been 
described. 

 To summarize, diagnosis of NK cell neoplasm 
depends on following data (although not all are 
required to make a complete diagnosis): (1) a 
thorough clinical history and physical examina-
tion (2) expression of CD56 and the lack of 
expression of T cell speci fi c antigens. Absence of 
surface CD3 and presence of cytoplasmic CD3 
(3) expression of cytotoxic granule proteins, such 
as TIA-1, granzyme, and/or perforin; (4) in situ 
hybridization for EBER to demonstrate EBV pos-
itivity; and (5) germline con fi guration of T cell 
receptor/Vb chain (Hasserjian and Harris  2007  ) .  

   Treatment Protocols 

 The treatment strategy for NK cell neoplasm 
has not been fully standardized due to recent 
recognition of these disease entities, their low 
frequencies and lack of controlled trials. For nasal 
NK cell lymphomas, combined-modality therapy 

(radiation and chemotherapy) serves as the best 
treatment regimen. On the other hand, chemo-
therapy is the mainstay of treatment for patients 
with non-nasal NK cell lymphoma and aggres-
sive NK cell leukemia/lymphoma. Unlike con-
ventional lymphomas, anthracyclines are less 
effective (Kwong  2011  ) . Frontline high dose 
chemotherapy and hematopoietic stem cell trans-
plantation (HSCT) needs to be evaluated on an 
individual basis (Kwong  2009  ) . Novel treatment 
strategies under investigation such as chemotherapy, 
inhibitors of molecular pathways and monoclonal 
antibodies are needed to improve the outcome of 
patients with advanced diseases. 

   Nasal NK Cell Lymphoma 
in the Upper Aerodigestive Tract 

 ENKL is uncommon in children and hence there 
is little data for children compared to adults. 
However from the data available, management 
and outcome of pediatric ENKL is comparable 
with adults (Wang et al.  2009  ) . Since more than 
70% of NK-cell lymphomas develop in the nasal 
area, much of the clinical data exists for the nasal 
NK-cell lymphomas. Cure occurs in approxi-
mately half of the patient population (Ishida and 
Kwong  2010  ) . For localized stage I/II nasal NK 
cell lymphoma, radiotherapy used to be consid-
ered as the primary treatment. However, systemic 
failure occurred in at least 30% of patients which 
was attributed to the sub-clinical dissemination. 
Primary chemotherapy was associated with treat-
ment failure in about 40% of localized stage I/II 
nasal NK cell lymphoma. Therefore, combined 
chemotherapy and radiotherapy is preferred. 

 In contrast to other lymphomas that are usu-
ally treated with 30 Gy, the radiation dose is typi-
cally 50–54 Gy here. A smaller radiation dose 
has been associated with inferior outcomes when 
used alone, even after a complete response (CR) 
has been reached. The radiation  fi eld should 
include the adjacent areas, such as the paranasal 
cavity, nasopharynx, palate, tonsils, larynx, or 
any involved cervical lymph nodes, depending on 
the primary lesions. Optimal margin should be at 
least 1 cm from the tumor. However, an intensity-
modulated radiation therapy (IMRT) with helical 
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tomography in addition to MRI gives more prom-
ising results than 3D conformal radiation therapy 
(3D-CRT) in terms of a signi fi cantly better planning 
target volume (PTV) coverage and equivalent or 
slightly better organs at risk (OAR) avoidance. 
Whether the dose of radiotherapy can be decreased 
with concomitant chemotherapy or radio-sensitizer 
is not known. Early initiation of radiation, con-
comitantly or sequentially with chemotherapy, 
gives better results. Adverse effects of radiation 
include dermatitis, oral mucositis, taste distur-
bance and nasal bleeding and discharge. Massive 
bleeding with mortality due to rapid necrosis of 
tumors has been reported occasionally. 

 A phase I/II study of concurrent radiotherapy 
(50 Gy) and three courses of dexamethasone, 
etoposide, ifosfamide, and carboplatin (DeVIC) 
in patients with a newly diagnosed stage IE or 
contiguous IIE localized nasal natural killer (NK)/
T-cell lymphoma showed 77% complete response 
(CR) with a 2-year overall survival (OS) of 78% 
compared to 45% with the historical control of 
radiotherapy alone. The most common grade 3 
non-hematologic toxicity was mucositis (30%) 
with no mortality (Yamaguchi et al.  2009  ) . 

 A phase II trial of concurrent chemoradiother-
apy (CCRT) followed by three cycles of etopo-
side, ifosfamide, cisplatin, and dexamethasone 
(VIPD) was conducted in newly diagnosed stages 
IE to IIE nasal ENKL. The overall response rate 
and the CR rate were 83.3% and 80.0% respec-
tively. The estimated 3-year progression-free and 
overall survival rates were 85.19 and 86.28% 
respectively. Only one patient experienced grade 
3 toxicity during CCRT (nausea), whereas neutro-
penia was seen in 12 out of 29 patients (Kim et al. 
 2009  ) . Controlled trials of concurrent chemora-
diotherapy compared with radiotherapy alone or 
sequential chemotherapy and radiotherapy are 
required before drawing de fi nite conclusions. 

 Unlike other lymphomas, very late relapses of 
early-stage nasal NK cell lymphoma have been 
described up to 30 years. Half of the relapses 
arose from local failure and the rest presented 
with dissemination or distant lesions. Therefore, 
life-long follow up is advisable (Kwong  2011  ) . 

 The use of non-invasive diagnostic technique 
such as [18F]- fl uorodeoxyglucose positron emis-
sion tomography (FDG-PET) and the detection 

of EBV-positive lymphoma cells by EBV-encoded 
RNA (EBER) in-situ hybridization (ISH) in bone 
marrow, a site relatively insensitive to FDG-PET, 
will enable more precise tumor staging and facili-
tate therapy monitoring. However, more systemic 
approach is to be adopted for distant or dissemi-
nated relapse rather than using simple local radio-
therapy (Ishida and Kwong  2010  ) . 

 In nasal NK-cell lymphoma, responses to 
radiotherapy or chemotherapy might be affected 
by the site of the primary lesion. For instance, 
patients with nasal natural killer (NK)/T-cell lym-
phoma (N-NKTL) were associated with a lower 
overall response (54% versus 89%) and higher 
persistent or progressive disease after initial che-
motherapy (46% versus 11%; P = 0.000) as com-
pared to those with Waldeyer ring NK/T-cell 
lymphoma (WR-NKTL). The 5-year overall sur-
vival and progression-free survival rates were 67 
and 56% for N-NKTL and 65 and 47% for 
WR-NKTL, respectively. Patients with stage II 
WR-NKTL showed favorable prognosis compared 
to those with stage II N-NKTL. Compared with 
radiotherapy alone, patients with early-stage 
WR-NKTL that received radiotherapy and chemo-
therapy showed a superior progression-free sur-
vival and improved overall survival (Li et al.  2009  ) . 
However, treatment options for stage I/II NK-cell 
lymphomas at different sites in the upper aerodi-
gestive tract are not markedly different (Ishida and 
Kwong  2010  ) . The destruction of the orbital bones 
or palate can lead to functional disabilities, persistent 
discomfort or cosmetic problems. Reconstructive 
plastic surgery may be needed.  

   Localized NK-Cell Lymphomas 
at Other Areas 

 Skin is the second most common site of involve-
ment for limited-stage NK-cell lymphomas fol-
lowing upper aerodigestive area. The condition is 
typically characterized by multiple lesions, resistance 
to cyclo pho sphamide, adriamycin, vincristine 
and prednisolone (CHOP) therapy with the survival 
usually less than a year. Persistent CR has been 
achieved through a combination of INF- a , dexame-
thasone and narrow-band ultraviolet B phototherapy 
for skin lesions (Tai et al.  2009  ) .  
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   Chemotherapy for Localized NK-Cell 
Lymphoma at Sites Other Than Upper 
Aerodigestive Area 

 Chemotherapy is the mainstay of treatment for 
advanced stage NK cell lymphomas. Oncologists 
frequently used the CHOP or CHOP like regi-
mens as they are frequently used for Non-
Hodgkin’s lymphoma but CR rate was < 20%. 
The reason may be high expression of the multi-
drug resistance 1 (MDR-1) gene, leading to high 
levels of ABC transporters such as P-glycoprotein 
in NK lymphoma cells and thereby facilitating 
the active export of many chemotherapeutic drugs 
including anthracyclines. Hence, non-anthracycline 
containing regimens may actually be more effec-
tive in these patients. 

 Dose-intensi fi ed CHOP (DI-CHOP) (1,250 mg/
m 2  of cyclophosphamide, 75 mg/m 2  of doxorubi-
cin, 1.4 mg/m 2  of vincristine (maximum 2 mg) on 
day 1 and 100 mg/day of prednisolone for 5 days) 
and involved- fi eld radiotherapy (44 Gy, within 
4–6 weeks after the DI-CHOP) improved the 
results with the CR rate of 76% and the 3-year 
OS rate of 67%. The combination of methotrex-
ate, etoposide, an alkylating agent (cyclophosph-
amide or ifosfamide) and a corticosteroid 
(prednisolone or dexamethasone) [ifosfamide 
1.5 g/m 2  (days 1–3), methotrexate 30 mg/m 2  
(days 3–10), etoposide 100 mg/m 2  (days 1–3) and 
prednisolone 120 mg (days 1–5)] with or without 
subsequent radiation showed a CR rate of 55–65% 
in limited-stage disease. High-dose radiotherapy 
at 50 Gy with a range of 15–61 Gy, at a dose per 
fraction of 1.8–2 Gy is considered to be equally 
bene fi cial in younger patients and adolescents, 
but with substantial late complications (Ishida 
and Kwong  2010  ) .  

   Advanced-Stage Nasal and Non-nasal 
NK Cell Lymphoma 

 The SMILE regimen (comprising of methotrex-
ate 2 g/m 2  on day 1, ifosfamide 1,500 mg/m 2 , 
etoposide 100 mg/m 2  and dexamethasone 40 mg 
from days 2 to 4, and L-asparaginase 6,000 U/m 2  
every other day from day 8 to day 20, repeated 

every 28 days) was designed to address the limi-
tations of MDR phenotypes. Neoplastic NK cells 
lack asparagine synthase activity and hence 
L-asparaginase has been shown to induce apopto-
sis of tumoral NK cells in vitro. Phase I and II 
studies have con fi rmed the effectiveness of the 
SMILE regimen in refractory and relapsed NK/T-
cell lymphoma patients, approximately half of 
whom were in stage IV disease (Ishida and 
Kwong  2010 ; Kwong  2011  ) . The overall response 
rate was 67% and the complete response rate was 
50% in the Phase I study, while that in Phase II 
was 74 and 38% respectively. Because of the pro-
found myelotoxicity, granulocyte colony-stimu-
lating factor support is required. 

 Unpublished data by Tse and Kwong  (  2010  )  
showed that 100% of patients with stage I-II dis-
ease achieved a durable complete remission when 
treated with a total of six courses of SMILE che-
motherapy supplemented with  fi eld radiotherapy 
after the initial three courses. For patients with 
advanced-stage disease, a total of six courses of 
SMILE chemotherapy are usually given. Allogeneic 
hematopoietic stem cell transplantation should be 
considered to maintain the remission. High dose 
chemotherapy with autologous hematopoietic 
stem cell rescue does not appear to offer substan-
tial bene fi t. CNS prophylaxis is helpful in NK 
cell prognostic index group III/IV lymphoma 
(Kim et al.  2010  ) .  

   Salvage Treatment of NK-Cell 
Lymphomas 

 Patients with relapsed or refractory disease have 
a very poor outcome. The administration of 
L-asparaginase in monotherapy or in combination 
chemotherapy has resulted in favorable responses. 
Small retrospective studies have observed very good 
response and survival rates in patients treated 
with L-asparaginase, combined with vincristine, 
vinblastine, dexamethasone or methotrexate. A 
multi-centric open-label French prospective 
phase II trial in 19 patients con fi rmed the excel-
lent activity of L-asparaginase-containing regi-
mens with CR in 61%. The median OS and 
response duration were 1 year. The main adverse 
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events were hepatitis, cytopenia, and allergy. A 
signi fi cantly better outcome was probably due to 
the absence of anti-asparaginase antibodies and 
the disappearance of Epstein-Barr virus serum 
DNA (Jaccard et al.  2011  ) . Various L-asparaginase 
preparations (Escherichia coli-derived, Erwinia-
derived and pegylated forms) appear to have sim-
ilar treatment results (Kwong  2011  ) .  

   Aggressive NK-Cell Leukemia/
Lymphoma 

 Few treatment successes have been reported for 
aggressive NK-cell leukemia/lymphoma, consid-
ering its rarity and devastating prototype (Patel 
et al.  2010 ). Treatment results of anthracycline-
based regimens have been unsatisfactory. Only 
three of 13 patients achieved CR and extension of 
survival for several weeks only (Ishida and 
Kwong  2010  ) . L-asparaginase containing che-
motherapy with or without allogeneic hematopoi-
etic stem cell transplantation (HSCT) had resulted 
in prolonged survivals in a few cases, although 
the approach still needs to be validated (Ishida 
and Kwong  2010  ) .  

   Hematopoietic Stem Cell 
Transplantation (HSCT) 

 Because of unsatisfactory outcome in advanced 
staged ENKL, primary-refractory or relapsed pati-
ents and aggressive leukemia, the role of autolo-
gous and allogeneic HSCT has been explored. 
Prospective studies are lacking and most reports 
are retrospective (Ishida and Kwong  2010  ) .  

   Autologous HSCT 

 A recent retrospective multicentric analysis com-
pared NK cell lymphoma patients receiving an 
autologous HSCT at a median of 8.5 months from 
diagnosis with a historical control group, treated 
with chemotherapy or radiotherapy only (Lee 
et al.  2008  ) . The disease status before HSCT was 
the most important factor affecting the outcome. 

Patients with early-stage disease had better outcome 
than those with advanced or refractory disease 
but the OS did not differ. Therapy-related mortal-
ity was 8.5% in the HSCT group, mainly due to 
infections. HSCT confers a survival bene fi t in 
patients who attained CR on post-remission con-
solidation therapy. Therefore, for patients in CR 
with high NK/T cell lymphoma International 
Prognostic Index (NKIPI), HSCT should be 
considered. 

 On the contrary, patients with early stage dis-
ease limited to the upper aerodigestive area are 
potentially curable with combined radiotherapy 
and chemotherapy. The addition of autologous 
HSCT would probably not improve survival. The 
role of autologous HSCT in relapsed or advance 
stage in CR needs to be explored. Although con-
ditioning regimens CBV (etoposide, carmustine 
and cyclophosphamide), and BEAM (carmustine, 
etoposide, cytarabine and melphalan) have been 
frequently used as they are extensively used in 
NHL and Hodgkin’s disease, the optimal condi-
tioning before HSCT will need to be de fi ned 
(Ishida and Kwong  2010 ; Kwong  2011  ) .  

   Allogeneic HSCT 

 A review of case reports indicates that the majority 
of patients who received allogeneic HSCT had 
nasal NK-cell lymphoma and, at the time of trans-
plantation, 69% had recognizable or refractory 
diseases. Half of the patients were alive after 
HSCT, with 25% transplantation-related mortality 
and the rest 25% mortality from progressive lym-
phoma. In one of the largest retrospective series till 
date, 32% of the patients with active disease at 
allogeneic HSCT showed 40% 2 year OS. A graft-
versus lymphoma effect was evident when a patient 
relapsed after allogeneic HSCT achieved a durable 
remission with discontinuation of immunosup-
pression. Thus, theoretically, reduced-intensity 
allogeneic HSCT may signi fi cantly reduce treat-
ment-related complications while conserving the 
bene fi ts of graft-versus lymphoma effect. The 
potential bene fi t of allogeneic over autologous 
HSCT is theoretical graft-versus-lymphoma effect, 
which is of particular signi fi cance as NK-lymphoma 
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cells express EBV viral antigens, which may be 
targeted by donor derived cytotoxic T cells. 
Heterogeneity of these retrospective trials affect 
accurate interpretation: differences in donor source 
(such as HLA-matched siblings, unmatched 
donors, or cord blood), conditioning regimens 
(presence or absence of total-body irradiation), 
and timing of HSCT (at remission, during relapse 
or refractory disease) (Ishida and Kwong  2010 ; 
Kwong  2011  ) . Further international collaborative 
trials are required to decide the optimal role of 
allogeneic HSCT in NK cell malignancies.  

   Novel Treatment Approaches 

 High P-glycoprotein expression by NK cell neo-
plasm contributes to the resistance to anthracy-
cline based treatment regimens. Novel agents that 
bypass P-glycoprotein may improve prognosis. 
However, new studies are hampered by the rarity 
of the diseases, the geographic variation and the 
lack of international cooperation (Greer and 
Mosse  2009  ) . 

 Gemcitabine, a pyrimidine analogue, and the 
purine analogues pentostatin,  fl udarabine, cladrib-
ine and forodesine have shown activity as single 
agents in peripheral NK/T-cell lymphomas and 
are currently being combined with other agents. 
Preclinical and clinical studies on pralatrexate, a 
novel folate analog inhibitor of dihydrofolate 
reductase, designed to have high af fi nity for the 
reduced folate carrier type 1, have demonstrated 
greater intracellular accumulation and high response 
rate in peripheral T-cell lymphomas (Greer and 
Mosse  2009  ) . Mucositis, the dose-limiting toxicity 
for pralatrexate could be abrogated with folic acid 
and vitamin B12 supplementation. The combina-
tion of pralatrexate followed by gemcitabine has 
exhibited synergistic activity in vitro and is cur-
rently in clinical trials. 

 Histone deacetylase (HDAC) inhibitors induce 
histone hyperacetylation and chromatin remodel-
ing and can modify gene expression in cancer 
cells by changing the conformation of DNA and 
thus alter gene interaction with transcription fac-
tors. Vorinostat and romidepsin (depsipeptide) 
have been shown to increase histone acetylation 

and to restore expression of tumor-suppressor 
and/or cell-cycle regulatory genes—inducing 
cell-cycle arrest and apoptosis in cutaneous T-cell 
lymphoma (CTCL). Panobinostat is well toler-
ated and down regulates genes affecting angio-
genesis in CTCL patients thereby inducing 
clinical responses. Recent data indicates that 
HDAC inhibitors may up regulate IL-2 receptor 
expression on malignant T cells, resulting in 
enhanced susceptibility to killing by agents tar-
geting IL-2, such as denileukin diftitox (Greer 
and Mosse  2009  ) . 

 The activation of nuclear factor (NF)-kappaB/
Rel proteins plays an important role in the devel-
opment/progression of B and T cell lymphoid 
malignancies. NF- k B in fl uences the activation of 
genes that encodes anti-apoptotic proteins and 
proteins that affect cell-cycle progression and is 
mediated by the ubiquitin-proteasome pathway. 
Bortezomib inhibits the canonical nuclear factor 
(NF)- k B pathway by preventing proteasome 
mediated degradation of inhibitor of  k B a  (I k B a ) 
as well as the alternative processing pathway of 
the p-100 subunit (Greer and Mosse  2009  ) . 

 EBV-positive ENKL cell lines, Hank-1, 
NK-YS, and NK-L, have high Fas surface expres-
sion but are resistant to Fas-mediated apoptosis 
induced by anti-Fas antibodies. Co-treatment of 
Hank-1 with cycloheximide, a protein synthesis 
inhibitor, markedly sensitized cells to Fas-
mediated apoptosis, activated caspase 8 and 
downregulated c-FLIP(L) (cellular FLICE inhibi-
tory protein long form) (Greer and Mosse  2009  ) . 

 Four courses of a farnesyl transferase inhibitor 
tipifarnib has been found to improve elevated pul-
monary artery pressure and erythroid differentiation 
after disrupting the NK-receptor signaling pathway 
in large granular lymphocyte leukemia which has 
poor hematopoiesis (Epling-Burnette et al.  2008 ). 

 Various monoclonal antibodies against NK 
cell or NK-related cells are now available, 
although there is no ubiquitous marker similar to 
CD20 in B-cell lymphomas. Alemtuzumab, a 
humanized anti-CD52 antibody, is highly active 
in T-prolymphocytic leukemia, but the level of 
CD52 expression varies widely in T/NK-cell 
neoplasms. Case reports have suggested responses 
to bevacizumab, a monoclonal antibody against 
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VEGF, in angioimmunoblastic T-cell lymphoma 
with a prominent vascular component. Ongoing 
trials are investigating the role of denileukin difti-
tox, alemtuzumab and bevacizumab with combi-
nation chemotherapy regimens for NK/T-cell 
lymphomas (Greer and Mosse  2009  ) . 

 A phase I dose-escalation trial of siplizumab, a 
humanized monoclonal antibody to CD2 in 
patients with T-cell malignancies, resulted in 
decreased expression of CD2 and depletion of 
CD4+, CD8+ T cells and NK cells. Although ini-
tial responses were encouraging, 13.7% of the 
patients developed EBV-positive lymphoprolifer-
ative disease and the trial was terminated. Another 
phase I study demonstrated the potential ef fi cacy 
and tolerance of KW-0761, a defucosylated 
humanized anti-CC chemokine receptor 4 (CCR4) 
antibodies, in patients with relapsed CCR4-
positive adult T-cell leukemia-lymphoma (ATLL) 
or peripheral T-cell lymphoma (PTCL). CCR4 
receptor is also expressed by a subset of NK cell 
neoplasm and hence KW 0761 may be useful in 
NK cell neoplasm also (Greer and Mosse  2009  ) . 

 NK cell neoplasm is EBV positive but antivi-
ral drugs are not effective as thymidine kinase is 
not expressed. Arginine butyrate, a short chain 
fatty acid, induces EBV thymidine kinase expres-
sion so that anti-viral drugs can act on these cells. 
Arginine and gancyclovir have been used in 
refractory cases with signi fi cant anti-tumor activ-
ity in 66% of cases (Perrine et al.  2007  ) .   

   Prognosis 

 Ann-Arbor staging doesn’t correlate well with 
prognosis in NK cell neoplasm due to various rea-
sons: (1) NK cell lymphomas are almost exclu-
sively extranodal (2) Ann-Arbor staging system is 
based on the concept of contiguous lymphatic 
spread and designed mainly for Hodgkin lym-
phoma and may not always be accurate for 
NK-cell lymphomas and (3) Ann-Arbor staging 
system does not take into account the tumor bur-
den. Therefore, a T-staging system, originally 
designed for sinonasal B-cell lymphoma has been 
adopted to overcome this problem by taking into 
account the extent of local tumor involvement 

(Robbins et al.  1985  ) . T1 denotes con fi nement to 
the nasal cavity. T2 indicates extension to the 
maxillary antra, anterior ethmoid sinus or hard 
palate. T3 indicates extension to posterior eth-
moid sinus, sphenoidal sinus, orbit, superior alve-
olar bone, cheeks, or superior buccinators space. 
T4 indicates involvement of the inferior alveolar 
bone, inferior buccinators space, infratemporal 
fossa, nasopharynx, or cranial fossa. A number of 
prognostic models have been designed in this 
regard, including the International Prognostic 
Index (IPI), a clinical tool developed by oncolo-
gists to aid in predicting the treatment outcome in 
malignant lymphomas of different grades and 
subtypes. The index depends on factors like 
patient’s age, stage of the lymphoma, whether or 
not it is in organs outside the lymph system, per-
formance status of the patient and the serum level 
of LDH. It allows the doctors to plan treatment 
better than they could just base on the type and 
stage of the lymphoma. It also gives patients 
information about the outlook for their future. The 
good prognostic factors include:

   Age 60 or below  • 
  Stage I or II (Ann Arbor)  • 
  No lymphoma outside of lymph nodes, or • 
lymphoma in only 1 area outside the lymph 
nodes  
  Performance Status: Able to function normally  • 
  Serum LDH is normal    • 
 The poor prognostic factors, on the other hand, 

include:
   Age above 60 years  • 
  Stage III or IV (Ann Arbor)  • 
  Lymphoma is in more than 1 organ of the body • 
outside of lymph nodes  
  Performance Status: Needs a lot of help with • 
daily activities  
  Serum LDH is elevated    • 
 Each poor prognostic factor is assigned 1 point. 

Patients without any poor prognostic factors 
would have a score of 0, while those with all the 
poor prognostic factors would have a score of 5. 
The index divides patients into four risk groups:

   Low (0 or 1 poor prognostic factors)  • 
  Low intermediate (2 poor prognostic factors)  • 
  High intermediate (3 poor prognostic factors)  • 
  High (4 or 5 poor prognostic factors)    • 
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 Patients with IPI of one or less have been 
shown to have a better overall survival. Two other 
prognostic models based on the IPI concept have 
also been proposed. Considering B symptoms, 
stage, LDH level and regional lymph node 
involvement, stage I/II nasal NK cell lymphomas 
were found to be better strati fi ed into different 
risk groups (Kwong  2011  ) . In another prognostic 
model, non-nasal type, stage, performance status 
and number of extranodal involvement were 
found to be signi fi cant in predicting outcome 
(Suzuki et al.  2010  ) . 

 In conclusion, NK cell tumors are uncommon, 
aggressive, and heterogeneous group of disorders 
with varying geographical prevalence and dismal 
clinical outcome. They are clinically subdivided 
into nasal NK-cell lymphoma, non-nasal NK-cell 
lymphoma and aggressive NK-cell leukemia/
lymphoma. The diagnosis is based on the mor-
phology, immunohistochemistry, demonstration 
of EBV and cytogenetic study. The management 
requires high dose local radiotherapy and non-
MDR-dependent drugs due to P-glycoprotein 
expression. L-asparaginase based regimens like 
SMILE appear to be promising. Autologous and 
allogeneic HSCT have been recommended in 
selected patients with a poor prognosis. The novel 
agents that bypass P-glycoprotein expression or 
that target molecular pathways or surface recep-
tors are under investigations.      
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