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Background: Patients with natural killer (NK) cell neoplasms, aggressive NK cell leukemia (ANKL) and extranodal NK
cell lymphoma, nasal type (ENKL), have poor outcome. Both diseases show a spectrum and the boundary of them
remains unclear. The purpose of this study is to draw a prognostic model of total NK cell neoplasms.

Patients and methods: We retrospectively analyzed 172 patients (22 with ANKL and 150 with ENKL). The ENKLs
consisted of 123 nasal and 27 extranasal (16 cutaneous, 9 hepatosplenic, 1 intestinal and 1 nodal) lymphomas.
Results: Complete remission rate for ENKL was 73% in stage 1, but 15% in stage IV, which was consistent with that
for ANKL (18%). The prognosis of ENKL was better than that of ANKL (median survival 10 versus 1.9 months,

P < 0.0001) but was comparable when restricted to stage IV cases (4.0 months, P = 0.16). Multivariate analysis
showed that four factors (non-nasal type, stage, performance status and numbers of extranodal involvement) were
significant prognostic factors. Using these four variables, an NK prognostic index was successfully constructed.
Four-year overall survival of patients with zero, one, two and three or four adverse factors were 55%, 33%, 15% and
6%, respectively.

Conclusion: The current prognostic model successfully stratified patients with NK cell neoplasms with different
outcomes.

Key words: CD16, leukemia, lymphoma, natural killer cell, prognosis

introduction ENKL is an entity of non-Hodgkin’s lymphoma defined in
the WHO Classification, which is characterized by extensive
extranodal involvement with NK or T cell [1-4]. It mostly
occurs in the nasal and/or paranasal area and is called ‘nasal
NK/T-cell lymphoma’ in this situation. This type of lymphoma
is rare in Western countries but is more frequent in East Asia or

Neoplasms arising from natural killer (NK) cells have become
widely recognized in the past decade [1-3]. There are two
entities of mature NK cell neoplasms in the current World
Health Organization (WHO) Classification. One is extranodal

NK cell‘ lymphoma, nasal .type (ENKL) [4], and Fhe other is in Central and South America. Its frequency among all
aggressive NK cell leukemia (ANKL) {5]. Both diseases were malignant lymphomas is ~3.3% in Japan [6], 6% in Hong
recognized in the mid-1980s, but the relationship and Kong [7], 8% in Korea [8] and 5% in Taiwan [9]

boundary between these two diseases remains unclear. Histopathologically, the lymphoma cells are polymorphous and

show an angiocentric growth pattern, which induces vascular
Correspondence {o: Dr B. Suzuki, Department of HSCT Data Management, Nagoya obstruction and prominent necrosis. Tumor cells are usually
University School of Medicine, 1-1-20 Daiko-Minami, Higashi-ku, Nagoya 461-0047, . A
Japan. Tel: +81-52-719-1974: Fax: +81-52-719-1973; NK cells (surface CD3—, cytoplasmic CD3e+, and CD56+) in
E-mail: r-suzuki@med.nagoya-u.ac.jp most cases [10-13] but in rare cases can also be T cells.

© The Author 2009. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
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Epstein—Barr virus (EBV) is found in the tumor cells in
virtually all cases, and therefore ENKL is now regarded as one
of the EBV-related neoplasms [14, 15].

ANKL has been recognized as a subtype of large granular
lymphocyte (LGL) leukemia {16-18] and is now regarded as
a distinct subtype in the WHO Classification [5]. Because of its
rarity, ANKL had not been fully characterized until recently.
This leukemia is characterized by systemic proliferation of NK
cells, with an immunophenotype of surface CD3— CD2+
CD16+ CD56+ and germline configuration of T-cell receptor
(TCR) genes. Its clinical course is highly aggressive, and most

Table 1. Patient characteristics of NK cell neoplasms

Annals of Oncology

patients die within 2 years, many of them within 6 months after
diagnosis [18].

For ENKL, several Asian investigators reported clinical and
prognostic characteristics in a relatively large number of patients
[19-21]. These reports clearly demonstrated that >80% of ENKL
presents with localized disease, and the International Prognostic
Index (IPI) score is a good indicator for prognosis. However, all
the reports excluded ANKL from their analyses and did not
mention the relationship of ENKL and ANKL. In addition to IPI,
other novel prognostic factors have been identified by Korean
groups: local tumor invasiveness (LTT) [20] and regional lymph

Number 123
Age (years), median (range) 52 (14-89)
Sex (male/female) 81/42
Stage
L 55 {(45)
i 29 (24)
I 8(7)
v 31 (25)
B symptom 56 (46)
Performance status
1] 49 (40)
1 49 (40)
2 119
3 8(7)
4 5(4)
Sites of involvement
Lymph node 31.(25)
Extranodal 123 (100)
Nose 111.(90)
Pharynx 28(23)
Skin 19.(15)
Liver _ 10 (8)
Spleen 10.(8)
Lung 10 (8)
+Central hervous system 7:(6)
Bone marrow 9:(7)
Peripheral blood 3.(2)
Others 10°(8)
International Prognostic Index
Low 58 (47)
Low-intermediate 34 (28)
High~intermediate 13.(11)
High 18 (15)
Prognostic index for T-cell lymphoma
Group 1 45 (37)
Group 2 43 (35)
Group 3 27 (22)
Group 4 8:(7)
Korean index for NK/T-cell lymphoma
Group. 1 37-(30)
Group:2 30 (24)
Group 3 29 (24)
Group 4 27(22)

27 2
57 (23-89) 42 (12-80) 0.04
12115 715 0.003
<0.0001
6 (22) 0
4 (15) 0
4 0
16 (59) 22(100)
17 (63) 18 (82) 0.004
0.0005
6 (22) 2010) :
10 (37) 9 (43)
4 (15) 3 (14)
27D 2(10)
5.(19) 5(24)
11:41) 9 (41) 0.13
26 (96) 22°(100)

0 0 <0.0001
1(4) 1.(5) 0.01
17.(63) 3.(14) <0.0001
10:(37) 14.(64) <0.0001
11(41) 12 (55) <0.0001
3{11) 2:(10) 0.88
2(7) : 1:(5) 0.91
9(33) 22 (100) <0.0001
1) 19 (86) <0.0001
5.(19) 3.(14) 0.24
: 0.0001

5(19) 0
8(30) 3.(14)
4(15) 9 (41)
10 (37) 10°(46)
0.0001
247 0
3 (30) 1(5)
10°(37) 10 (46)
7:(26) 11:(50)
0.0001
2N 0
6.(22) 209
5 (19) 2:(9)
14°(52) 18°(82)

NK, natural killer.

2 | Suzuki et al.
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node involvement [21]. The latter group further proposed
a novel prognostic scoring method including regional lymph
node involvement, clinical stage, presence of B symptoms and
serum lactate dehydrogenase (LDH) level.

In this article, the NK-cell Tumor Study Group analyzed two
mature NK cell neoplasms, ENKL and ANKL, and investigated
prognostic factors.

patients and methods

diagnosis

The diagnosis of ENKL was made according to both histologic and
immunophenotypic characteristics as described in the WHO Classification
of ‘Tumours of Haematopoietic and Lymphoid Tissues’ [4, 5]. Patients
were diagnosed with ENKL when the tumor cells from the biopsy specimen
showed infiltration of pleomorphic tumor cells with cytoplasmic CD3+ and
CD56+ phenotype and the presence of EBV. Several exceptional cases that
lacked only one immunophenotypic marker or EBV but were also
accompanied by other typical ENKL features were included for analysis.
These atypical cases required germline configuration of TCR genes. For

Table 2. Phenotypic characteristics of NK cell neoplasms

patients with typical phenotype, TCR studies were not mandatory.
Angiocentricity and necrosis were not required for diagnosis but were used
to help diagnosis. Those transformed from chronic active EBV
lymphoproliferative disorder or chronic NX cell lymphocytosis were
excluded, as were those diagnosed with blastic NK cell lymphoma
(precursor NK cell lymphoblastic leukemia/lymphoma and blastic
plasmacytoid dendritic cell neoplasm) {22] or any other types of T-cell
lymphoma.

The diagnosis of ANKL was made as previously described [18]. Briefly,
patients were diagnosed with ANKL when a proliferation of LGLs of NK cell
phenotype was found in the peripheral blood (PB) and/or bone marrow
(BM) exceeding 30% of the total nuclear cells. To exclude T-cell type LGL
leukemia and leukemic infiltration of other T-cell lymphomas, the tumor
cells were required to be negative for surface CD3 as determined by tflow
cytometry or germline configurations of TCR genes. The presence of EBV
was determined with either in situ hybridization with an Epstein-Barr-
encoded RNA probe or with Southern blotting but was not required for the
diagnosis. Complete response (CR) is defined as complete disappearance of
tumors and all objective signs of disease lasting at least 4 weeks. Partial
response (PR) decrease at least 50% reduction of the tumor at least 4 weeks
without occurrence of new lesions.

CD1 0/20 0/4 0/12

CD2 49/58 (84%) 18/20 (90%) 22/22 (100%) 0.14
CD3 0753 0/15 0/22 NS
CD4 2/88 (2%) 1720 (5%) 0/22 0.56
CD53 4/85 (5%) 0/16 0/17 0.45
CD7 22134 {65%) 3/6 (50%) 14/19 (74%) 0.55
CDS8 12/88 (14%) 6/20 (30%) 6/21°(29%) 0.10
CD19 1/20-(5%) 0/5 0/14 0.61
CDilb 2/5 (40%) 0/3 2/7 (29%) 0.46
CDIi3 0/11 -0/5 0/17 NS
CD14 0/10 0/4 0/8 NS
CD15 0/8 0/6 0/5 NS
CD16 9/40 (23%) 2/9 (22%) 15/20 (75%) <0.001
CD19 1/38 (3%) 0/10 0/17 NS
CD20 1/68 (1%) 0/17 0/15 NS
D25 0/7 0/8 0/17 NS
CD33 1/14°(7%) 0/4 0/14 NS
CD34 0/5 0/2 0/15 NS
CD56 1157120 (96%) 26127 (96%) 21/21 (100%) 0.64
CD57 2/41 (5%} 0/9 2/16 (13%) 040
HLA-DR 21/24 (88%) 6/7 (86%) 16/16:(100%) 0.32
TCRap 0/16 0/10 /11 NS
TCRYd 0/16 0/7 0/10 NS
cyCD3 68/86 (79%) 21/22 (95%) 3/7 (43%) 0.009
TdT 0/2 0/1 0/5 NS
CD30 3/7. (43%) 174 (25%) ND NS
CD43 15/17.(88%) 3/3.(100%) ND NS
CD45R0O 44/49 . (90%) 8/10 (80%) ND NS
CD79% 0/30 0/7. ND NS
TIA=1 62/65 (95%) 16/16:(100%) 2/2 (100%) NS
Granzyme B 55/57 (96%) 13/15 (87%) 2/2 (100%) NS
EBV 93/94:(99%) 24126 (92%) 11/13:(85%) NS

HLA-DR, human leukocyte antigen; NK, natural killer; NS, not significant; cyCD3, cytoplasmic CD3; TdT, terminal deoxynucleotidyl transferase; ND, not
determined; EBV, Epstein-Barr virus,
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