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Progress in understanding and managing natural killer-cell

malignancies

Kazuo Oshimi

Department of Haematology, Juntendo University School of Medicine, Tokyo, Japan

Summary

The World Health Organization classification  of
haematolymphoid tumours recognizes three categories of
natural killer (NK)-cell neoplasms: blastic NK-cell lym-
phoma, aggressive NK-cell leukaemia, and extranodal NK/T-
cell lymphoma, nasal-type. Recent studies indicate that
CD4'CD56" blastic NK-cell lymphoma is of plasmacytoid
dendritic cell origin, and true tumours of precursor NK-cell
origin may be present mainly in the CD47CD56" subset.
Myeloid/NK-cell precursor acute leukaemia may also develop
from precursor NK cells. However, because the develop-
mental pathway of normal NK cells is not well understood,
tumours of precursor NK-cell origin are not clearly identi-
fied. Among mature NK-cell tumours, extranodal NK/T-cell
lymphoma is relatively common in Asia and Latin America.
In localized disease, chemoradiotherapy seems to be prom-
ising, and in advanced disease, new combination chemo-
therapies are under active investigation. Aggressive NK-cell
leukaemia is rare and has a poor prognosis. Because NK-cell
neoplasms are rare and difficult to manage, rigorous studies
are required for their understanding and management.

Keywords: myeloid/NK-cell precursor acute leukaemia, pre-
cursor NK-lymphoblastic leukaemia/lymphoma, aggressive
NK-cell leukaemia, extranodal NK/T-cell lymphoma, chronic
NK-cell lymphocytosis.

Introduction

Natural killer (NK) cells are innate immune lymphocytes that
mediate two major functions: recognition and lysis of tumour
and virus-infected cells, and production of immunoregulatory
cytokines. Mature NK cells are characterized by (i) large
granular lymphocyte (LGL) morphology, (ii) CD3 CD56"
phenotype, (iii) cytotoxic function against major histocom-
patibility complex class I-deficient target cells without prior
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sensitization and (iv) germ-line configuration T-cell receptor
(TCR) genes (Hercend & Schmidt, 1988; Trinchieri, 1989;
Robertson & Ritz, 1990).

To delineate NK cell-lineage tumours that conceivably
originate from precursor and mature NK cells, understanding
of the developmental pathway of normal NK cells is crucial.
Here, the developmental pathway of normal NK cells is
described, followed by the clinical features and treatment of
tumours that conceivably originate from precursor and mature
NK cells, with special emphasis on their relationship with
possible normal NK counterparts.

Developmental pathway of normal NK cells

Our understanding of human NK-cell development lags far
behind that of B- and T-cell development. CD34" haemato-
poietic stem cells in the bone marrow differentiate into
common myeloid progenitors and common lymphoid pro-
genitors (CLP), and CLP differentiate into B cells, dendritic
cells (DC), T cells and NK cells (Fig 1) (Spits et al, 1998; Freud
& Caligiuri, 2006). DC derived from CLP are considered to be
plasmacytoid DC (pDC), but not conventional DC (cDC)
(Liu, 2001). However, the developmental pathway of DC is still
a matter of debate, and the ontogeny of pDC and ¢DC is not
clearly identified.

In NK-cell development, CLP subsequently differentiate into
stage 1 progenitor NK (pro-NK) cells, stage 2 precursor NK
(pre-NK) cells, stage 3 committed immature NK (iNK) cells,
stage 4 mature NK (mNK) cells and finally stage 5 mNK cells
(Fig 1) (Freud & Caligiuri, 2006). Stage 1 and stage 2 cells also
differentiate into T cells and DC, and therefore are tripotential
T/NK/DC common progenitors {Freud et al, 2006). These
findings suggest a potential for substantial overlap in pheno-
typic and functional characteristics between NK cells, T cells
and DC (Spits & Lanier, 2007). DC differentiated from stage 1
pro-NK and stage 2 pre-NK cells seem to be cDC, but not pDC
(Marquez et al, 1998).

Stage 4 and stage 5 mNK cells are characterized by bright
CD56 (CD56"") and dim CD56 (CD56%™) expression
respectively (Fig 2) (Nagler et al, 1989; Cooper et al, 2001).
Stage 4 CD56"8" mNK cells are CD16“™™%, produce
abundant cytokines, such as interferon (IFN)-y, tumour

© 2007 The Author
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Fig 1. Developmental pathway of normal natural killer (NK) cells and putative NK-lineage tumours arising from precursor and mature NK cells.
CD34" haematopoietic stem cells differentiate into common myeloid progenitors and common lymphoid progenitors (CLP). CLP then differentiate
into B cells, dendritic cells (DC), T cells, and NK cells. In the NK-cell developmental pathway, CLP differentiate into stage 1 progenitor NK (pro-NK)
cells, stage 2 precursor NK (pre-NK) cells, stage 3 committed immature NK (iNK) cells, stage 4 mature NK (mNK) cells, and finally stage 5 mNK cells
(Freud & Caligiuri, 2006). Stage 1 and stage 2 cells also differentiate into T cells and DC, and therefore are tripotential T/NK/DC common
progenitors. Myeloid/NK-cell precursor acute leukaemia arises conceivably from stage 1 pro-NK and stage 2 pre-NK cells, and ‘precursor NK-
lymphoblastic leukaemia/lymphoma’ (the name proposed here in this review) conceivably arises from stage 3 iNK cells, or a stage between stage 3 iINK
and stage 4 mNK cells. Aggressive NK-cell leukaemia, nasal-type NK-cell lymphoma, and chronic NK-cell lymphocytosis develop from stage 4 mNK
and/or stage 5 mNK cells.

cytotoxicity (ADCC). By contrast, stage 5 CD56%™ mNK
cells are CD16™#", produce low levels of cytokines, and are
@NK cell potent mediators of natural cytotoxicity and ADCC. Stage 4

CD5EMSMC ' CD56™"" mNK cells are present mainly in the lymph nodes
and tonsils, and stage 5 CD56%™ mNK cells are present
mainly in the peripheral blood and spleen (Fehniger et al,
2003; Ferlazzo et al, 2004). Upon IL-2 stimulation in vitro,
stage 4 mNK cells display phenotypic and functional
similarities to stage 5 mNK cells, implying that stage 4
mNK cells mature to stage 5 mNK cells in vivo. Thus,
intermediate NK precursor cells traffic to secondary lym-
CD16 phoid tissues, and the terminal differentiation may take
place in these tissues. Taking into account the organ
distribution of lymphocytes, stage 4 mNK cells probably
outnumber stage 5 mNK cells in the human body (Ferlazzo

CD56
mNK cells
CD564mC D1 gbriant

Fig 2. Co-expression of CD56 and CD16 on mature natural killer
(NK) cells. NK cells isolated from normal donor peripheral blood were
stained with anti-CD56 and anti-CD16 monoclonal antibodies (Nagler
et al, 1989). Stage 4 mature NK (mNK) cells are characterized by et al, 2004).
CD56"EMCD16%™ ™ expression, production of abundant cytokines,
and low natural and antibody-dependent cytotoxicity. They are present

mainly in the lymph nodes and tonsils. Stage 5 mNK cells are char- Tumours concelvably originating from

acterized by CD56%"CD 16" expression, production of low levels of NK-lineage cells

cytokines, and potent natural and antibody-dependent cytotoxicity. .

They are present mainly in the peripheral blood and spleen (Nagler Based on progress in understanding normal NK cells, tumours

et al, 1989; Cooper et al, 2001; Fehniger et al, 2003; Ferlazzo et al, putatively derived from NK-lineage cells have been proposed

2004). and characterized. To understand NK-cell and related
tumours, see the following reviews: Oshimi (1996), Jaffe

necrosis factor (TNF)-a, and granulocyte-macrophage (1996), Kwong et al (1997), Chan (1997), Siu et al (2002),

colony-stimulating factor, and are less effective mediators Oshimi (2003), Cheung et al (2003), Nava and Jaffe (2005),

of natural cytotoxicity and antibody-dependent cellular Suzuki (2005) and Kwong (2005).

© 2007 The Author
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The new World Health Organization (WHO) classification
of haematolymphoid tumours recognizes three categories of
NK cell neoplasms: blastic NK-cell lymphoma, aggressive NK-
cell leukaemia, and extranodal NK/T-cell lymphoma, nasal
type. Before the development of the WHO classification, we
proposed six types of NK-lineage tumours in our NK-cell
Tumour Study Group (Oshimi, 2000, 2003; Oshimi et al,
2005) to try to focus on and characterize pure NK-lineage
tumours. In our proposal, tumours that conceivably originate
from precursor NK cells included myeloid/NK-cell precursor
acute leukaemia, precursor NK-cell acute lymphoblastic leu-
kaemia (ALL) and blastic NK-cell lymphoma. Tumours of
mature NK-cell origin included aggressive NK-cell leukaemia/
lymphoma, nasal-type NK-cell lymphoma, and chronic NK-
cell lymphocytosis, but the last disorder seems to be reactive in
most cases. The characteristics of these tumours, based on our
nationwide survey, were described by Oshimi et al (2005), and
Fig 3 shows the overall survival curves of patients with these
tumours.

Because the developmental pathway of normal NK cells and
the characteristics of precursor NK cells are not fully under-
stood, and the incidence of precursor NK-cell tumours is rare,
the definition and characterization of these tumours are only
provisional. Indeed, our subsequent analysis revealed few
clinicopathological differences between precursor NK-cell ALL
and blastic NK-cell lymphoma (Suzuki et al, 2005), and
accordingly 1 would like to propose here the name ‘precursor
NK-lymphoblastic leukaemia/lymphoma’ as a collective clas-

Chronic

Nasal type

ALL

Years

Fig 3. Overall survival curves of patients with natural killer (NK) cell-
lineage tumours based on our nationwide survey. Before the devel-
opment of the WHO dlassification, we proposed six types of
NK-lineage tumours in our NK-cell Tumour Study Group, and tried to
characterize their clinical features (Oshimi, 2000, 2003; Oshimi et al,
2005). In our proposal, tumours conceivably originating from pre-
cursor NK cells included myeloid/NK-cell precursor acute leukaemia
(myeloid), precursor NK-cell acute lymphoblastic leukaemia (ALL),
and blastic NK-cell lymphoma (blastic). Tumours of mature NK-cell
origin included aggressive NK-cell leukaemia/lymphoma (aggressive),
nasal-type NK-cell lymphoma (nasal type) and chronic NK-cell
lymphocytosis (chronic).

sification, based on the WHO nomenclature of precursor
T- and B-lymphoblastic leukaemia/lymphoma. Further, con-
sidering the recent finding that CD4"CD56" blastic NK-cell
lymphoma is of pDC origin (reviewed by Garnache-Ottou
et al, 2007), the name precursor NK-lymphoblastic leukaemia/
lymphoma should be applied mainly to the non-T, non-B
CD47CD56" phenotype.

Myeloid/NK-cell precursor acute leukaemia

One of the candidates for NK-cell tumours originating from
precursor NK cells is myeloid/NK-cell precursor acute leukae-
mia. This disease was originally described by Suzuki et al
(1997) and further characterized by Suzuki and Nakamura
(1999). This is acute myeloid leukaemia (AML) MO (French-
American-British classification) co-expressing CD7 and CD56,
and conceivably originated from CD77CD337CD34" stage 1
and stage 2 T/NK/DC tripotential progenitors. However,
because CD7 and CD56 antigens are often expressed in AML
cells, the possibility that this disease is of true myeloid cell
origin cannot be ruled out. When purified tumour cells
develop NK-, T- or DC-lineage features in vitro under different
culture conditions, their common progenitor origin can be
confirmed.

Diagnosis

Diagnosis is made when myeloperoxidase-negative and
Sudan black B-negative blasts are present that are pheno-
typically CD7*CD56"CD37CD34" and myeloid antigens
(CD13 and/or CD33)". Their TCR-B (TRB®) and IgH
(IGH®) genes should be in the germ-line configuration, but
the TCR-O gene (TRD®@) may be rearranged (Spits et al,
1998). It is a rare disease and manifests as leukaemia or
extramedullary lesions mainly involving lymph nodes and
mediastinum with eventual leukaemic change. Because mye-
loid/NK-cell precursor acute leukaemia expresses myeloid
antigens, it is difficult to differentiate it from other AML MO,
i.e. AML MO expressing either CD7 or CD56, or lacking both
antigens. The characteristics of CD7°CD56" AML MO,
however, are markedly different from those of other AML
MO in terms of lower patient age, extramedullary disease
presentation, different haematological manifestations, lack of
5q abnormalities, and poor prognosis (Suzuki et al, 2003).
Therefore, the simultaneous expression of CD7 and CD56
antigens differentiates myeloid/NK-cell precursor acute leu-
kaemia from other AML MO.

Scott et al (1994) described an HLA-DR'CD33'CD56"
CD16~ myeloid/NK cell acute leukaemia. Because this previ-
ously unrecognized form of acute leukaemia is positive for
Sudan black B and myeloperoxidase, and various types of AML
cells have the CD56 antigen, it is highly likely that this
leukaemia is of myeloid origin. Induction of natural cytotox-
icity after short-term in vitro culture of leukaemic cells cannot
rule out an NK origin.

© 2007 The Author
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Pathogenesis

No recurrent karyotypic abnormalities have been reported, but
some have 7p translocations or 3p abnormalities, suggesting
that certain genes responsible for the pathogenesis of the
disease might exist in these chromosomal regions (Suzuki &
Nakamura, 1999). Epstein-Barr virus (EBV) is not detected in
the tumour cells.

Treatment and prognosis

Therapeutic response to AML chemotherapy regimens seems
to be better than that to ALL regimens. Relapse is frequent, and
the prognosis is poor, with an overall survival of 19-21 months
(Suzuki & Nakamura, 1999; Oshimi et al, 2005).

“Precursor NK-lymphobiastic leukaemia/
lymphoma”

Precursor NK-cell ALL

Many cases of CD56* ALL without T and B cell-lineage
characteristics have been reported previously, and our NK-cell
Tumour Study Group proposed classification of these ill-
defined ALLs as precursor NK-cell ALL (Oshimi, 2000, 2003;
Oshimi et al, 2005; Suzuki et al, 2005). Our original diagnostic
criteria included the presence of 30% or more lymphoblasts in
the bone marrow or peripheral blood, CD56'CD3”, B-cell
antigen (CD19 and CD20)” and myeloid antigen (CD13 and
CD33)™ phenotypes, and the germ-line configuration of TRB@
and IGH®. Based on the above criteria, we have collected 27
cases over 5 years (Suzuki et al, 2005). This is a rare disease
that develops both in children and in adults, with a median age
of 55 years. Lymphadenopathy, hepatosplenomegaly, and skin
lesions are common. The prognosis is poor, with an overall
survival of 20 months.

Blastic NK-cell lymphoma

Blastic NK-cell lymphoma was thought to develop from
committed NK precursor cells. Our diagnostic criteria
(Oshimi, 2000, 2003; Oshimi et al, 2005; Suzuki et al, 2005)
included mass formation by a proliferation of lymphoblastoid
cells with immunophenotypes of CD56"CD3"CD4"'~, B-cell
antigens (CD19 and CD20)” and myeloid antigens (CD13
and CD33)7, and with the genotype of the germ-line
configuration TRB@ and IGH@. CD4 was not required as
a mandatory marker, because many CD4” cases have been
reported (Karube et al, 2003), Patients with >30% tumour
cells in the bone marrow or peripheral blood were catego-
rized as having precursor NK-cell ALL, and the others as
blastic NK-cell lymphoma. This is a rare disease, presenting
mainly with skin lesions, and occasional leukaemic change.
Prognosis is poor, with an overall survival of 17 months
(Suzuki et al, 2005).

© 2007 The Author
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Proposal of a new clinical entity

From our subsequent studies, however, the above two diseases
were found to be indistinguishable in terms of their clinical
features, except for the presence or absence of hepatospleno-
megaly and the haematological data including tumour cells in
the bone marrow or peripheral blood (Suzuki et al, 2005).
Accordingly, 1 would like to propose the name ‘precursor
NK-lymphoblastic leukaemia/lymphoma’ as a collective
classification, based on the WHO nomenclature of precursor
T- and B-lymphoblastic leukaemia/lymphoma. Precursor
NK-lymphoblastic leukaemia/lymphoma conceivably arises
from stage 3 iNK cells, or from a putative stage between stage
3 and stage 4 because precursor NK-lymphoblastic leukaemia/
lymphoma cells lack the CD33 antigen. Recent reports from
France indicate that CD4"CD56" blastic NK-cell lymphoma or
haematodermic neoplasm (recently proposed as pDC leukae-
mia/lymphoma) arises from pDC precursors, but not from NK
precursors (reviewed by Garnache-Ottou et al, 2007). How-
ever, because normal pDC are mostly CD56, CD4"CD56~
pDC leukaemia/lymphoma will also be present. Considering
that pDC lymphoblastic leukaemia/lymphoma is mainly found
in the mnon-T, non-B, CD4'CD56" subset, precursor
NK-lymphoblastic leukaemia/lymphoma should be found
mainly in the non-T, non-B, CD4"CD56" subset. However,
because the CD4 antigen seems to be expressed in some T/NK
common progenitors (Plum et al, 1999), CD4*CD56" true
NK-cell tumours may be present. Within non-T, non-B,
CD47CD56™ ALL, precursor NK-lymphoblastic leukaemia/
lymphoma may also be found because stage 3 committed iNK
cells are partly CD56~ (Fig 1). Taken together, the lineages of
non-T, non-B, lymphoblastic leukaemias/lymphomas are not
well identified, and markers exclusive to certain lineages
should be explored. The presence of CD94 1A transcripts
suggests precursor NK-cell lineage, but not T-cell lineage (Lin
et al, 2005), and this may improve the current classification of
NK cell- and T cell-lineage tumours. The NK-cell lineage can
also be confirmed when purified tumour cells in culture
develop NK-lineage features in vitro. EBV is not detected in the
tumour cells.

Aggressive NK-cell leukaemia

Aggressive NK-cell leukaemia was originally reported by
Fernandez et al (1986) and Koizumi et al (1986), and further
described by Imamura et al (1990), Song et al (2002) and
Suzuki et al (2004).

Clinical features

Younger patients are mainly affected, and fever, hepatospleno-
megaly and lymphadenopathy are common. The clinical
course is rapidly progressive, and the prognosis is poor with
an overall survival of 2 months (Suzuki et al, 2004). Liver
dysfunction, disseminated intravascular coagulation, and
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haemophagocytic syndrome are often seen during the course
of the disease, particularly at the terminal stage.

Diagnosis

This disease is characterized by the presence of NK cells of
slightly immature-looking morphology mainly in the periph-
eral blood, bone marrow, liver and spleen, and by a rapidly
progressive clinical course with poor outcome. Diagnosis is
made when the following findings are fulfilled (Oshimi, 2000,
2003; Suzuki et al, 2004; Oshimi et al, 2005): (i) morpholog-
ically, slightly immature-looking large lymphocytes, with
broad, pale cytoplasm and azurophilic granules, and somewhat
fine nuclear chromatins and occasional nucleoli, are present in
the peripheral blood and/or bone marrow; (ii) immunophe-
notypically, these lymphocytes are surface (s) CD3™ and
cytoplasmic (¢) CD3e"’™ and CD56'CD16™*CD577; and (iii)
genetically, they have germ-line configuration of TRB@ and
IGH®@. The NK cells appear slightly immature in their
morphology, but the presence of the CD94 antigen indicates
their mature cell origin (Mori et al, 2001).

At presentation, this disease is sometimes indistinguishable
from chronic NK-cell lymphocytosis, but from our experience,
the presence of conspicuous nucleoli in NK cells strongly
supports the diagnosis of aggressive NK-cell leukaemia. Also,
age <40 years old, fever, lymph node swelling, and hepato-
splenomegaly predict this diagnosis (Oshimi et al, 1993).
Extranodal NK/T-cell lymphoma may also present as, or
eventually develop, leukaemic changes (Soler et al, 1994), and
the distinction between aggressive NK-cell leukaemia and
extranodal NK/T-cell lymphoma is sometimes difficult unless
a nasal lesion is found. The incidence of skin involvement,
however, is significantly higher for extranodal NK-cell lym-
phoma (Oshimi ef al, 2005). An array-based comparative
genomic hybridization analysis demonstrated clear genetic
differences between aggressive NK-cell leukaemia and extran-
odal NK/T-cell lymphoma, suggesting that these are two
distinct diseases (Nakashima et al, 2005).

Pathogenesis

In most patients, clonal EBV is found in tumour cells, and EBV
is considered to be the aetiological agent (Kawa-Ha et al, 1989;
Siu et al, 2002). However, little is known of how infection with
EBV might trigger clonal growth of NK cells. Various genes
that possibly contribute to tumourigenesis have been identified
in EBV-positive extranodal NK/T-cell lymphoma, but a role of
these genes in aggressive NK-cell leukaemia has not been
identified except for high expression of the MDM2 protein
(Sugimoto ef al, 2002). A retroviral screening method failed to
isolate tumour-promoting genes (Choi et al, 2005). Various
chromosomal abnormalities have been reported, and the
finding of the same chromosomal abnormality involving
del(6q) in aggressive NK-cell leukaemia and in extranodal
NK/T-cell lymphoma provides a biological link between these

two diseases (Wong et al, 1997; Ohshima et al, 2002). Using
comparative genomic hybridization, recurrent regions of gain
and loss of chromosomes have been identified, suggesting that
leukaemogenesis in aggressive NK-cell leukaemia is associated
with multiple steps of oncogene activation and suppressor
oncogene loss (Siu et al, 1999, 2000; Nakashima et al, 2005).

According to our previous review (Oshimi et al, 1993),
CD16 was absent in 5/12 cases, natural cytotoxicity was absent
in 3/13 cases, and ADCC was absent in 6/11 cases, implying
that some cases may arise from stage 4 mNK cells and some
from stage 5 mNK cells. Production of various cytokines from
the tumour cells (see below) further supports their stage 4
mNK origin, and it will be interesting to determine whether
clinical features depend on the stage of the cells from which the
tumours originate.

Liver dysfunction is probably caused by Fas ligand-bearing
NK cells that induce apoptotic cell death of Fas-expressing
hepatocytes (Tani et al, 1999). Among various chemokine
receptors tested, CXCR1 and CCR5 are simultaneously
expressed on aggressive NK-cell leukaemia cells, and the
leukaemic cells showed enhanced chemotaxis towards the
chemokines of these receptors (Makishima et al, 2005).
Further, the serum levels of the corresponding chemokines
interleukin (IL)-8, RANTES (regulated on activation, normal
T-cell expressed and secreted), macrophage inflammatory
protein (MIP)-1lo and MIP-1f are significantly elevated, and
these chemokines are produced by leukaemic cells and
hepatocytes. Interaction between these chemokines produced
from hepatocytes and chemokine receptors on leukaemic cells
may play an important role in the transmigration of tumour
cells to hepatocytes (Makishima et al, 2007). Haemophagocytic
syndrome may be because of the upregulation of TNF-a by
EBV-infected tumour cells, and TNF-a in combination with
IFN-y and other cytokines activates macrophages (Lay et al,
1997). IFN-y also prevents apoptosis of tumour cells in an
autocrine fashion (Mizuno et al, 1999). Soluble Fas ligand
levels in the serum may be a useful indicator for evaluating
disease activity (Kato et al, 1998). Thus, various types of
cytokines produced by leukaemic cells are closely related to the
clinical features observed in this disease.

Treatment

Because of its rare incidence, there is no known treatment
strategy. The disease is refractory to chemotherapy and exhibits
a relentless progressive course with a poor outcome. As in
extranodal NK/T-cell lymphoma, this poor outcome may be
partially explained by the presence of P-glycoprotein (P-gp),
a multidrug resistance gene-encoded protein on the cell
membrane, that extrudes various cytotoxic agents, such as
vinca alkaloids and anthracyclines (Yamamoto et al, 1993;
Yamaguchi et al, 1995; Egashira et al, 1999), and combination
chemotherapies using P-gp-unrelated drugs are to be expected.
Allogeneic haematopoietic stem cell transplantation (HSCT)
has been tried with only a few successful cases being reported.
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Extranodal NK/T-cell lymphoma

In the new WHO classification, this disease is called
extranodal NK/T-cell lymphoma, nasal type. It is called
‘NK/T’ rather than simply ‘NK’ because although most cases
have genuine NK-cell neoplasm, some have cytotoxic T-cell
neoplasm (Suzumiya et al, 1994). The primary site of
involvement is the nasal cavity, but sometimes identical
neoplasms primarily develop in the extranasal sites. The term
‘nasal-type’ describes the disease that arises in the nasal cavity
and also in the extranasal sites. However, this term is
confusing, and a term more clearly understandable should be
applied to combine both conditions. In this review, the term
‘extranodal NK-cell lymphoma’ is used when referring to NK-
cell tumours alone, whereas the term ‘extranodal NK/T-cell
lymphoma’ is used when referring to both NK-cell and T-cell
tumours.

Clinical features

Extranodal NK/T-cell lymphoma is characterized by nasal and
extranasal presentation, as well as an aggressive clinical course.
This lymphoma is rare in the Western countries, but is
relatively common in East Asia and Latin America. Its
frequency among all malignant lymphomas is around 3% in
Japan, 6% in Hong Kong, 7% in Taiwan and 9% in Korea. It
develops in middle-aged persons, and males are more often
affected than females. The nose and paranasal area including
the upper aerodigestive tract are involved in >80% of cases,
and less often the skin, intestinal tract and various other organs
are involved at presentation. The ratio of patients with limited
stages (clinical stage I or II) versus those with advanced stages
(clinical stage III or IV) is 7:3 for lymphomas of nasal origin,
and 4:6 for lymphomas of extranasal origin (Oshimi et al,
2005).

Patients with nasal lesions present with symptoms of mass,
nasal obstruction or epistaxis. The tumour is locally invasive
and may infiltrate the surrounding tissues and organs, such as
the orbits, nasopharynx, oropharynx and palate, or generate
extensive midfacial destructive lesions (so-called lethal midline
granuloma). The skin is commonly involved in the form of
nodules, often with ulceration. Intestinal lesions often manifest
as perforation or bleeding. With dissemination of the disease,
fever, malaise and weight loss can develop, and bone marrow
and blood involvement can occur. The central nervous system
is affected in 7% of patients at presentation (Oshimi et al,
2005) by direct invasion from nasal lymphoma or by
metastasis. CD56 expressed on NK cells is a neural adhesion
molecule, and mediates adhesion through homophilic binding.
This adhesion molecule is also expressed in nerve tissues. NK-
cell malignancies could therefore have an affinity for nerve
tissues. Similarly to aggressive NK-cell leukaemia, extranodal
NK/T-cell lymphoma is frequently associated with haemo-
phagocytic syndrome, typically at the terminal phase of the
disease (Takahashi et al, 2001), and this is probably induced by
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the same mechanism described above for aggressive NK-cell
leukaemia (Lay et al, 1997).

Diagnosis

The diagnosis of extranodal NK-cell lymphoma is made when
the following criteria are fulfilled. (1) On histology and
morphology, a diffuse, non-adhesive proliferation of lymphoid
cells is found with frequent association of tissue necrosis and
coagulation. Sometimes a mixture of inflammatory cells is
present. Infiltration of the tumour cells is frequently perivas-
cular (angiocentric) and angiodestructive, and the cytological
spectrum of the tumour cells is broad, but the cells are
medium-sized in most cases. Imprint smears can disclose the
presence of cytoplasmic azurophilic granules. (2) Immuno-
phenotype is as follows; CD45(LCA)*sCD3 cCD3e*CD56",
myeloid antigens”, and B-cell antigens™ (Suzumiya et al,
1994). Cytotoxic granule-associated proteins, granzyme B,
TIA-1 and perforin, are positive. (3) Upon gene rearrangement
analysis, TRB@ and IGH@ are in the germ-line configuration.
(4) EBV in tumour cells is almost always detectable. Because of
its predilection for vessels and other implicated factors
(Teruya-Feldstein et al, 1997), vascular occlusion with massive
necrosis of the tissue is often one of the presenting features,
and it is sometimes difficult to make a diagnosis, even with
repeated biopsies. Detection of CD56" cells or EBV-positive
cells in paraffin-embedded specimens is important for diag-
nosis because these findings are rarely observed in lymphocytes
residing in normal or inflammatory nasal mucosa or adjacent
tissue.

Among patients with nasal lymphoma, 3/4 patients have
NK- or T-cell lymphoma, and the remaining have B-cell
lymphoma. The incidence of T-cell lymphoma seems to be
much lower than that of NK-cell lymphoma, but its true
incidence is not known because the distinction between NK
and T lineage is sometimes difficult. As shown in Table I,

Table 1. Distinction between mature T and NK cells.

T cells NK cells
Surface markers
CD2 + +
CD3 + -
CD5 +- -
CD7 + +
CD16 —I+ +i-
CD56 —I+ +-
TCR + -
Cytoplasmic CD3e + ~+
TCR gene rearrangement + -
LGL morphology —/+ +
Natural cytotoxicity -/+ +
NK receptors ~/+ +

TCR, T-cell receptor; LGL, large granular lymphocytes.
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sCD3 is positive in T cells, and negative in NK cells, but cCD3e
is positive both in T and activated, but not resting, NK cells
(Lanier et al, 1992). Because it is difficult to discriminate the
sCD3 antigen from the cCD3e antigen in paraffin-embedded
specimens, distinction between NK and T lineages is difficult
when only paraffin-embedded specimens are available. CD5
positivity, however, strongly suggests T-cell lineage (Emile
et al, 1996). The demonstration of sCD3 by flow cytometry
and monoclonal TCR gene bands by Southern blot analysis is
unique to T cells, and these two procedures should be
routinely employed. LGL morphology, as demonstrated by
Giemsa staining of imprint smears, also suggests NK-cell
lineage, but some T-cell lymphomas also have such morphol-
ogy. Although it is unknown whether vigorous efforts to
differentiate NK from T lineage are clinically important or not
in terms of treatment strategies or prognoses, the effort should
still be made to get sufficient amounts of biopsy material to
delineate the clinical features of each T-cell and NK-cell nasal
lymphoma.

Pathogenesis

Extranodal NK/T-cell lymphoma is almost always associated
with EBV (Harabuchi et al, 1990). Using in situ hybridization
techniques, EBV-encoded small RNA can be found in the
tumour cells, and Southern blot analysis can detect monoclo-
nal proliferation of EBV. These findings indicate that EBV
infection has been established at the early stage of tumouri-
genesis and strongly suggests its aetiologic role. Our experi-
ments have clearly shown that EBV easily infects NK cells
(Isobe et al, 2004). Interestingly, this infection occurs in the
absence of CD21 antigen, the EBV receptor, on the NK-cell
surface. The majority of Japanese patients have subtype A EBV
infection with a 30-bp deletion in the latent membrane protein
(LMP)-1 gene (Suzumiya et al, 1999). Sequence variations of
the EBV LMP-1 gene and amino acid changes at HLA-
restricted cytotoxic T-cell epitopes may be associated with an
increase in tumourigenicity and with a decrease in immune
recognition (Nagamine et al, 2007).

In addition to conventional chromosomal analysis, various
procedures including comparative genomic hybridization, loss
of heterozygosity, and fluorescence in-situ hybridization have
been applied to demonstrate genetic abnormalities. The results
indicate that complex chromosomal abnormalities are often
seen (Wong et al, 1997), and a frequent deletion at 6q has been
found (Tien et al, 1997; Wong et al, 1997). DNA gains and
losses are also frequent (Siu et al, 1999, 2000; Nakashima et al,
2005). Various types of genes are altered, and these include
TP53, TP73CDKN2A, CDKN2B, MDM2, FAS and KIT
(reviewed by Suzuki, 2005). Further, a recent report describes
alterations in ATR (Liu et al, 2006). The T-helper cell, type 1
(Th1) cytokine transcription factor T-bet, which also influ-
ences the development of NK cells, is amplified and specifically
expressed in extranodal NK/T-cell lymphoma (Ye et al, 2007).
The relationship between EBV infection and chromosomal and

genetic abnormalities remains to be clarified. When lifestyle
and environmental factors were assessed, exposure to pesticide
and solvents was found to be a risk factor (Xu et al, 2006).

According to our previously studied case, CD16 was dim
and CD536 was bright, with strong ADCC and natural
cytotoxicity (Kaneko et al, 1995). Thus the phenotype indi-
cates a stage 4 mNK cell origin, whereas the potent cytotoxicity
indicates a stage 5 mNK origin. Other reports indicate that
CD16 is usually negative, and, to the best of this authors’
knowledge, the level of cytotoxicity has not been reported,
suggesting that most tumours originate from stage 4 mNK
cells. Production of various types of cytokines, such as IFN-y
and TNF-a, from the tumour cells also supports stage 4 mNK
origin. In normal NK-cell development, stage 4 mNK cells
outnumber stage 5 mNK cells, and stage 4 mNK cells are
present mainly in the lymph nodes and tonsils (Ferlazzo et al,
2004). Extranodal NK-cell lymphoma, however, develops
mainly in sites other than lymph nodes and tonsils. It is
unknown why this lymphoma originates from the extranodal
sites. The presence of the activated antigens HLA-DR, CD71
and cCD3e supports that the lymphoma cells are in the
activated state (Kaneko et al, 1995).

Staging and prognosis

The Ann Arbor staging classification system was originally
developed for Hodgkin lymphoma, a disease primarily devel-
oping from and spreading to the lymph nodes. However,
extranodal NK/T-cell lymphoma primarily develops from and
spreads to the extranodal sites, and this staging system does
not clearly predict survival differences. Also, the International
Prognostic Index for aggressive B-cell lymphomas seems to be
inadequate to predict them. The following parameters have
individually been reported to indicate poor prognosis;
advanced stage, local tumour invasiveness, bone marrow
involvement, extra-upper aerodigestive tract origin, high
proliferation index, high plasma EBV level, low expression of
CD94 transcripts, expression of cutaneous lymphocyte antigen,
absence of granzyme B inhibitor PI9, TP53 missense muta-
tions, and high serum level of the nm23-H1 protein. However,
a new staging system that precisely predicts the prognosis is
anticipated. Recently, Lee et al (2006a) proposed a prognostic
model based on B symptoms, stage, lactate dehydrogenase
level, and regional lymph node involvement, allowing a better
prognostic discrimination when compared with the Interna-
tional Prognostic Index.

Procedures for the pretreatment evaluation of lymphoma
include computed tomography scanning and “gallium scin-
tigraphy. Many studies have recently demonstrated the utility
of ®fluoro-2-deoxyglucose positron emission tomography
(FDG-PET) for staging and the therapeutic response assess-
ment of lymphoma, and a recent study clearly indicated that
pretreatment FDG-PET scans are also highly useful for
evaluating extranodal NK/T-cell lymphoma (Kako et al,
2007a).
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Seventy percent or more of patients with extranodal NK/T-cell
lymphoma present with localized disease. In localized diffuse
large B-cell lymphoma, three courses of CHOP (cyclophos-
phamide, doxorubicin, vincristine and prednisone) followed
by radiation therapy give excellent results. However, in
localized extranodal NK/T-cell lymphoma, outcomes using
this protocol seem to be discouraging. Response of the primary
tumours to such chemotherapy is transient if present, and early
local relapse or metastasis is common (Kwong, 2005; Oshimi
et al, 2005; Suzuki, 2005). Compared with anthracycline-based
chemotherapies, first-line local radiotherapy of a total dose of
50 Gy with generous margins is effective (Isobe et al, 2006),
but radiotherapy alone is not sufficient, with only 30-40%
long-term survival, possibly because of the presence of
unidentified metastatic legions in some patients. The addition
of anthracycline-based chemotherapy after radiation, however,
does not appear to significantly modify the survival of patients
(Li et al, 2006), conceivably because of early dissemination of
the disease before the beginning of chemotherapy, and because
of the presence of P-gp in NK cells as discussed above. In
Japan, therefore, a nation-wide, prospective phase I/Il trial
(JCOGO211) consisting of concurrent chemoradiotherapy for
localized nasal NK/T-cell lymphoma has been conducted
(Yamaguchi et al, 2005). Local radiotherapy (50 Gy) was given
with precise computed tomography-based planning to im-
prove the appropriate dose distribution of the target volumes,
and three courses of DeVIC (dexamethasone, etoposide,
ifosfamide and carboplatin) were administered. This trial was
based on an observation made by Yamaguchi et al (2001), who
reported a good clinical outcome in combination chemother-
apy using DeVIC and concurrent local radiotherapy for nasal
NK-cell lymphoma. This success may be partly because of the
choice of DeVIC combination chemotherapy, because the
agents included in this regimen are unrelated to P-gp, except
for etoposide. Another group (Lee et al, 2006b) also reported
good results using P-gp-unrelated agents, and therefore
avoiding P-gp-related agents seems to show promise.

The prognosis of the advanced disease is extremely poor.
Conventional chemotherapy regimens, such as CHOP or other
anthracycline-based regimens, are discouraging with an overall
5-year survival rate of <20%. When P-gp-unrelated agents are
mainly used, the prognosis seems to be better. Aviles et al
(2003) treated patients with advanced disease with CMED
(cyclophosphamide, methotrexate, etoposide and dexametha-
sone) chemotherapy and radiotherapy: patients were given
three courses of CMED, followed by 55-Gy irradiation mainly
to the face and three additional courses of CMED therapy; the
complete response rate and 5-year overall survival were 65%.

In vitro studies and clinical experiences indicate various
types of chemotherapeutic agents to be effective for extran-
odal NK/T-cell lymphoma. Similarly to ALL, several cases of
nasal NK-cell lymphoma show low asparagine synthetase
activity and high in vitro sensitivity to L-asparaginase (Ando
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et al, 2005), and successful treatment has been reported for
relapsed cases of extranodal NK/T-cell lymphoma by
L-asparaginase alone. For combination chemotherapy using
L-asparaginase, a Chinese group reported a good result for
CHOP failures (Yong er al, 2003). In recent years, data
have accumulated concerning the efficacy of etoposide for
NK/T-cell malignancies. An in vifro anti-tumour effect of
etoposide, in combination with cyclosporin, has been shown
for extranodal NK/T-cell lymphoma (Uno et al, 2001). Good
clinical results for etoposide-containing chemotherapy with-
out anthracycline have been reported (Lee et al, 2006b).
Etoposide is a key drug for pediatric EBV-related haemo-
phagocytic syndrome (Imashuku, 2000), and the addition of
etoposide will also be good for haemophagocytic syndrome
often associated with extranodal NK/T-cell lymphoma. Meth-
otrexate and ifosfamide also seem to be effective because they
are P-gp-unrelated agents, and have been included in
treatment regimens for NK/T-cell lymphomas. Based on these
observations, and paying special attention to the pharmaco-
kinetics of sequential or simultaneous administration, our
NK-cell Tumour Study Group has conducted a newly
designed, prospective phase I study of ‘SMILE’ for advanced,
refractory, or relapsed nasal-type NK/T-cell lymphoma, The
SMILE protocol consisted of steroid (dexamethasone), meth-
otrexate, ifosfamide, L-asparaginase and etoposide, and gave
safe and promising results (Kwong et al, 2007). When the
central nervous system is involved, it is difficult to eradicate
tumour cells. Although the standard treatment procedures are
not established, systemic administration of high-dose meth-
otrexate and intrathecal administration of steroids may be
helpful.

Liang et al (1997) reported successful outcomes in two of
three patients who received autologous HSCT. Autologous
HSCT performed during the inactive state tends to provide
a better prognosis than that carried out during the active state
(Au et al, 2003; Kim et al, 2006). However, it is unknown
whether autologous HSCT is necessary or not during the
inactive state, and a randomized trial will be required. Patients
who receive autologous HSCT in advanced disease may also
have a favourable outcome when compared with those who do
not receive it (Kim et al, 2006). Many patients underwent
allogeneic HSCT during active disease and achieved long-term
relapse-free survival (Murashige et al, 2005; Suzuki et al,
2006). One of the explanations for their success is a graft-
versus-lymphoma effect (Kako et al, 2007b). However, the
optimal timing for allogeneic HSCT remains undetermined.
When effective chemotherapeutic regimens are developed,
many patients will be able to receive HSCT during the inactive
state, and this will give further success.

In extranodal NK/T-cell lymphoma, EBV is almost always
found in the tumour cells. Adoptive transfer of EBV-specific
cytotoxic T lymphocytes was therefore attempted, with two of
three patients being induced to a stable disease (Cho ef al,
2006). Monoclonal antibodies against CD45, CD52 and CD56
have been tried or are planned.
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Chronic NK-cell lymphocytosis

Disorders with granular lymphocyte proliferation

There are patients who exhibit expansion of granular lym-
phocytes in the peripheral blood. These lymphocytes are either
T cells or NK cells depending on their surface phenotype. The
names granular lymphocyte-proliferative disorders (GLPD)
(Oshimi, 1988; Oshimi er al, 1993), lymphoproliferative dis-
ease of granular lymphocytes (Semenzato et al, 1987) and LGL
leukaemia (Loughran & Starkebaum, 1987) have been coined
to describe these disorders. T-cell proliferation is usually
monoclonal and NK-cell proliferation is probably reactive in
most cases, with rare cases exhibiting an aggressive clinical
course. NK-cell proliferation with an indolent clinical course is
called chronic NK-cell lymphocytosis, and a disease with an
aggressive clinical course is called aggressive NK-cell leukae-
mia. When monoclonal T cells are expanded, the term “T-cell
LGL leukaemia’ is used in the WHO classification. However,
from my personal observation, the diameter of these T cells is
usually less than double of that of erythrocytes and smaller
than that of NK-lineage LGL, thus indicating that they are not
‘large’ lymphocytes. Further, most cases exhibit an indolent
clinical course without disease progression, and some cases
regress spontaneously. Thus it is inappropriate to call this
‘leukaemia’; it is rather a ‘T-cell clonopathy of benign or
undetermined significance’, and 1 prefer to call these disorders
GLPD collectively.

Clinical features and diagnosis of chronic NK-cell
lymphocytosis

Chronic NK-cell lymphocytosis is characterized by the chronic
expansion of mature-looking NK cells in the peripheral blood
(Oshimi et al, 1993, 2005; Tefferi et al, 1994; Oshimi, 2003).
Diagnosis can be made when 06X 10°/1 or more of
sCD37CD56"~CD16" NK cells are present in the peripheral
blood for at least 6 months. Because expanding NK cells are
almost always positive for CD16 with potent natural cytotox-
icity and ADCC (Oshimi et al, 1993), this disorder is probably
of stage 5 mNK origin. Clinically, most patients present with
a chronic indolent course and absence of any symptoms, and
the NK cells are considered to be reactively proliferated (Nash
et al, 1993), although phenotypic deviation of NK receptors is
found (Zambello et al, 1993). The absence of symptoms may
be explained by decreased production of cytokines from stage 5
mNK cells compared with stage 4 mNK cells.

Pathogenesis of chronic NK-cell lymphocytosis

Considering the role of NK cells in innate immunity, some
aetiologic agents may stimulate and expand a subset of the
NK-cell population. Indeed, the possible association between
chronic viral infections and skewed NK-cell proliferation has
been described (Zambello et al, 1995; Loughran et al, 1997),

but the issue of whether these events stimulate a clonal process
per se and eventually progress toward malignant disease
deserves further study.

Clinical course of chronic NK-cell lymphocytosis

In chronic NK-cell lymphocytosis, the number of NK cells is
stable without treatment or it sometimes regresses spontane-
ously. Rare cases transform to aggressive NK-cell leukaemia, and
patients with EBV-positive NK cells tend to evolve. These EBV-
positive patients usually have chronic active EBV infection,
hypersensitivity to mosquito bites or hydroa vacciniforme, and
they should be carefully followed for the emergence of clonal NK
cells (Kawa-Ha et al, 1989; Kawa, 2003; Oshimi ef al, 2005). The
clonality of EBV-positive NK cells can be examined by Southern
blotting using a probe recognizing the EBV terminal repeat. A
monoclonal increase in NK cells is noted in a substantial number
of such patients, thus indicating that EBV-associated chronic
NK-cell lymphocytosis may develop clonal NK-cell proliferation
with a likelihood of eventual progression of the disease to
aggressive NK-cell leukaemia or extranodal NK-cell lymphoma
(Kawa-Ha et al, 1989; Kawa, 2003; Oshimi et al, 2005).

Future prospects

To make clear the characteristics of NK-lineage tumours, an
understanding of the developmental pathway of normal NK
cells is crucial. Because T- and NK-lineage cells are closely
related in their developmental pathway, tumours of T- and
NK-lineage cells are difficult to differentiate, and an antigen
exclusively expressed in NK cells, but not in T cells, that can be
detected in paraffin-embedded specimens should be explored.
The differences between cytotoxic T and NK cells are not fully
understood, and DNA profiling using purified normal and
abnormally expanded cytotoxic T and NK cells will help to
resolve this, and also help to understand the differences in
clinical behaviours between cytotoxic T- and NK-derived
tumours. The mechanism by which EBV transforms NK cells is
not fully understood, and the elucidation of this mechanism
may lead to a new molecular therapeutic target. Also, the
reasons why NK-cell tumours are resistant to chemotherapy
are not fully understood, and the molecules responsible for
proapoptosis and antiapoptosis should be characterized as well
as drug-resistance genes. Finally, new therapies targeting
abnormal molecules should be extensively explored.
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Extranodal natural killer (NK)/T-cell lymphoma, nasal type, and aggres-
sive NK-cell leukemia are rare, and their standard therapy has not
been established. They are Epstein-Barr virus-associated lymphoid
malignancies, and tumor cells express P-glycoprotein leading to
multidrug resistance of the disease. Patients with stage IV, relapsed
or refractory diseases have a dismal prognosis, with survival measured
in months only. To develop an efficacious chemotherapeutic regimen,
we conducted a dose-escalation feasibility study of a new chem-
otherapeutic regimen, SMILE, comprising the steroid dexamethasone,
methotrexate, ifosfamide, L-asparaginase, and etoposide. The com-
ponents of SMILE are muitidrug resistance-unrelated agents and
etoposide. Etoposide shows both in vitro and in vivo efficacy for
Epstein-Barr virus-associated lymphoproliferative disorders. Eligible
patients had newly diagnosed stage IV, relapsed or refractory diseases
after first-line chemotherapy, were 15-69 years of age, and had
satisfactory performance scores (0-2). Four dose levels of methotrexate
and etoposide were originally planned to be evaluated. At level 1, six
patients with extranodal NK/T-cell lymphoma, nasal type, were
enrolled. Their disease status was newly diagnosed stage IV (n = 3),
first relapse (n=2), and primary refractory (n=1). All of the first
three patients developed dose-limiting toxicities, and one of them
died of sepsis with grade 4 neutropenia. A protocol revision stipulating
early granulocyte colony-stimulating factor administration was made.
Two out of three additional patients developed dose-limiting toxicities
that were all manageable and transient. For the six enrolied patients,
the overall response rate was 67% and the complete response rate
was 50%. Although its safety and efficacy require further evaluation,
we recommend a SMILE chemotherapy dose level of 1 for further
clinical studies. (Cancer Sci 2008)

E xtranodal natural killer (NK)/T-cell lymphoma, nasal type
(ENKL), and aggressive NK-cell leukemia (ANKL) account
for 3-8% of malignant lymphomas in East Asia.'? Both are
Epstein-Barr virus (EBV)-associated lymphoid malignancies.®¥
Neoplastic NK celis, similar to their normal counterparts, express
high levels of P-glycoprotein, leading to the concern that multidrug
resistance (MDR) might be an obstacle to successful treatment
with chemotherapy.?2>® More than two-thirds of patients with
ENKL present with localized disease.”® Recent studies suggest
that first-line local radiotherapy of at least 45 Gy is effective for
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these patients.'®!® Concurrent chemoradiotherapy has also been
reported to be efficacious,''®!? as supported by results of a recent
prospective study."¥ In contrast, the treatment results of stage IV,
relapsed or refractory ENKL, and ANKL with conventional
chemotherapy are extremely poor.*™® Long-term survival after
high-dose chemotherapy and hematopoietic stem-cell transplant-
ation (HSCT) has been reported for a small number of patients
with advanced-stage, relapsed or refractory disease.!>'9 Successful
disease control, an important prerequisite to HSCT, is however
rarely achieved in most patients with relapsed or refractory diseases.
Therefore, the development of an effective chemotherapy regimen
for these patients is an important initial step in improving the
treatment outcome.

To address this issue, we have formulated a new chemo-
therapeutic regimen comprising the steroid dexamethasone,
methotrexate, ifosfamide, L-asparaginase, and etoposide (SMILE).
The design of the SMILE regimen was based on several con-
siderations. Etoposide has demonstrated in vitro and in vivo
efficacy for NK-cell neoplasms, '8 being effective for pediatric
EBV-related hemophagocytic syndrome,'® and pediatric EBV-
associated lymphoproliferative disease.?® L-Asparaginase induces
the selective apoptosis of NK lymphoma cells in vitro.?)
Indeed, successful therapeutic results in NK-cell lymphoma
have been reported for L-asparaginase, either alone,?? or in
combination with other chemotherapy.®® Dexamethasone is better
than prednisolone in ameliorating the adverse drug reactions of
L-asparaginase.”® Methotrexate and ifosfamide are unaffected
by the MDR phenotype, and are components of regimens
reported to be effective in NK/T-cell lymphomas.%182%) Meth-
otrexate was scheduled on day 1 to precede the other drugs
because there is a possibility of it showing antagonistic effects
on administration with etoposide and ifosfamide,®® but synergic
effects when preceding etoposide.®” The other three drugs were
scheduled for days 2-4 because the simultaneous use of etoposide
and ifosfamide might lead to additive effects.®®

Because advanced-stage ENKL and ANKL are rare and
aggressive, a prospective therapeutic trial for these diseases is
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difficult to conduct. To overcome this problem, we designed a
multicenter cooperative phase I study, the first of its kind, in
East Asia where the incidence of ENKL and ANKL is higher
than in other parts of the world. In the present report, we
describe the results of a dose-escalation feasibility study of
SMILE in newly diagnosed stage IV, relapsed or refractory
ENKL and ANKL.

Materials and Methods

Patient selection. Patients of 15-69 years of age with ENKL
or ANKL diagnosed according to the World Health Organiza-
tion (WHO) classification,®® who were newly diagnosed with
Ann Arbor stage 1V disease, first relapsed or recurrent disease
after remission, or refractory disease after first-line chemotherapy,
were eligible for the SMILE phase I study. Neither chemotherapy
nor radiotherapy was given within 21 days before registration.
Additional entry requirements included an Eastern Cooperative
Oncology Group performance status of 0-2, at least one evaluable
lesion, and laboratory parameters obtained within 7 days before
registration within the following ranges: white blood cells
(WBC) > 3000/mm?, absolute neutrophil count 2 1200/mm?,
platelet count = 7.5 x 10*/mm® (for patients with bone marrow
involvement or hemophagocytosis, platelet count must be 2
5.0 x 10*/mm?3), aspartate aminotransferase (AST) < upper
normal limit X 5, alanine aminotransferase (ALT) = upper
normal limit X 5, total bilirubin < 2.0 mg/dL., serum creatinine <
1.5 mg/dL, left ventricular ejection fraction = 50%, arterial
blood gas 2 65 mmHg or O, saturation = 90% (under room air).
Patients with no ischemic change, atrial fibrillation, or
ventricular arrthythmia requiring treatment carried out within
21 days were eligible. Patients who received corticosteroids
alone were eligible for this study, but those under treatment had
to discontinue it before registration. Patients who had a history
of HSCT, only had cutaneous lesions, or clinical symptoms of
central nervous system involvement were excluded.

Registration was conducted by facsimile from participating
physicians to the regional Study Coordinators (M. Y. within and
R. S. outside Japan). The protocol was approved by the Protocol
Committee and the institutional review board at each participating
institute. All patients gave written informed consent.

Study design. The study was designed as a phase I dose-
escalation study conducted by the NK-cell Tumor Study Group
in Japan, and collaborative institutes in Hong Kong, Korea, and
Taiwan. The primary endpoint was the maximum tolerated dose
(MTD) of SMILE, and the secondary endpoints were the overall
response rate (ORR) and complete response (CR) rate. Consi-
dering that the study was the first prospective multicenter trial
for ENKL and ANKL in East Asia, the study was not designed
as a phase I/IT study. The protocol stipulated that a subsequent
phase II study to examine the efficacy of SMILE chemotherapy
would be projected after the resolution of the recommended
dose.

The National Cancer Institute Common Toxicity Criteria 2.0
were used for safety evaluation. A standard 3 + 3 design was
used to evaluate dose-limiting toxicities (DLT). Four dose levels
of methotrexate and etoposide were planned to be evaluated.
DLT included grade 4 hematologic toxicities lasting 7 days or
more; any non-hematological toxicity of grade 3 or more except
for nausea, vomiting, stomatitis, hypofibrinogenemia, and hyper-
glycemia; more than 28 days delay of the second course of
SMILE; and patient refusal. Treatment efficacy was evaluated
according to the WHO response criteria.®® Three to six patients
were enrolled in each level. When all of the protocol treatments
of the first three patients for each level were completed,
registration was held, and all adverse events observed in the
three patients were evaluated according to the criteria for DLT.
When the initial three cases in level 1 developed DLT, the pro-

tocol committee reconsidered the continuation of this study.
When one or two of the three patients in each level developed
DLT, an additional three patients were enrolled at the same
level. If three of the six patients developed DLT, the protocol
committee reconsidered the continuation of this study. When the
numbers of patients who developed DLT was two or lower in
the six patients, the next cohort of patients was treated at the
next level. When more than two patients in a cohort of three or
six patients experienced DLT, no additional patients were
enrolled and dose escalation ceased. When none of the three
patients developed DLT, study registration was started with the
next level. When all of the first three patients developed DLT at
level n + 1, the MTD was determined as level n. When none of
the three patients in level 4 developed DLT, the MTD was
determined as level 4. When treatment-related death occurred,
registration was stopped when the severe adverse event report
was submitted. The protocol committee discussed the continuation
of the study, and their decision was reviewed by the Data and
Safety Monitoring Committee.

Treatment. The drug doses of level | and the administration
schedule were as follows: dexamethasone, 40 mg/body intra-
venously on days 2—4; methotrexate, 2 g/m? intravenously over
6 h on day 1; ifosfamide, 1.5 g/m? intravenously on days 2-4;
Escherichia coli L-asparaginase (Leunase; Kyowa Hakko
Kogyo, Tokyo, Japan), 6000 U/m’ intravenously on days 8, 10,
12, 14, 16, 18, and 20; and etoposide, 100 mg/m?* intravenously
on days 2-4. Doses of methotrexate and etoposide were
scheduled to be escalated to 2 g/m? and 150 mg/m? in level 2,
3 g/m? and 150 mg/m? in level 3, and 3 g/m* and 200 mg/m’ in
level 4. The second course was started from day 29 of the first
course. Leucovorin was begun 30h after the initiation of
methotrexate. Mesna was given at 300 mg/m? simultaneously
with ifosfamide, and at 4 and 8 h afterwards. Granulocyte colony-
stimulation factor (G-CSF) was initiated if the WBC count
decreased to less than 2000/mm?, and was discontinued if the
WBC count exceeded 5000/mm?. If L-asparaginase-induced
grade 1-2 allergic reactions or hypersensitivity were observed,
the dose of L-asparaginase was reduced by half. When L-
asparaginase was discontinued due to grade 4 thrombocytopenia
or grade 3—4 non-hematological toxicity in the first course, it
could be resumed in the second course if the patient had
recovered. Two courses of SMILE were planned.

Results

Patients. Patient registration for the SMILE phase I study was
started in July 2005. A total of seven patients were registered.
All patients had ENKL, so that no patient with ANKL had been
registered. The first patient enrolled (patient #01) was ineligible
because of thrombocytopenia. We decided to exclude this
patient from further evaluation, and our decision was approved
by the Data and Safety Monitoring Committee. For the six eligible
patients, there were five men and one woman, at a median age
of 48 years (range 28-09 years). The disease status was newly
diagnosed stage IV (a2 =3), first relapse (#=2), and primary
refractory (n = 1). Serum lactate dehydrogenase was elevated in
four patients, and performance status was higher than one in one
patient (Table 1). EBV was identified in tumor cells by in situ
hybridization of all six eligible patients. CD56 was positive in
five patients. The other patient (#07) was CD56-negative and
cytotoxic molecule-positive, hence fitting the diagnostic criteria
of ENKL according to the WHO classification.®®

Evaluation of DLT. All of the three initial eligible patients in
level 1 developed DLT. Of these, one patient (#02) experienced
grade 5 infection accompanied by grade 4 neutropenia. For this
patient, the initiation of G-CSF was delayed (from day 15 with
a WBC count of 100/mm?), which was evident by case report-
form monitoring and it was considered as a protocol violation.
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Table 1. Patient characteristics (n = 6)
Patient no. #02 #03 #04 #05 #06 #07
Age (years) 63 39 28 57 33 69
Sex M M M M M F
Disease state Refractory First relapse Newly diagnosed Newly diagnosed  Newly diagnosed  First relapse
Stage at diagnosis VB IEA VB VB VB IEA
Sites of involvement Bone marrow, Nasal cavity Waldeyer ring, lymph  Bilateral adrenal Nasopharynx, Nasal cavity
at diagnosis spleen nodes, nasal cavity, glands, pancreas,  lymph nodes,
bone marrow gallbladder smali bowel
Initial treatment CHOP x 2 CHOP x 2-5RT - - - RT (42 Gy)
—>IMVP-16 —DeVIC x4
Sites of involvement Bone marrow, Nasal cavity Waldeyer ring, lymph Bilateral adrenal Nasopharynx, Nasal cavity,
at registration spleen nodes, nasal cavity, glands, pancreas,  lymph nodes, paranasal
Bone marrow gallbladder small bowel sinuses, cheek
PS 1 1 1 2 0 0
sLDH level Elevated Below the upper  Elevated Elevated Below the upper  Elevated

normal range

normal range

CHOP, cyclophosphamide, doxorubicin, vincristine, prednisolone; DeVIC, dexamethasone, etoposide, ifosfamide, carboplatin; IMVP-16, ifosfamide,
methotrexate, etoposide; PS, performance status; R7, radiotherapy; sLDH, serum lactate dehydrogenase.

Other DLT in this patient were grade 4 leukopenia and grade 4
neutropenia lasting 7 days, febrile neutropenia, grade 3 AST
elevation, and grade 3 ALT elevation. Another patient (#03)
developed grade 3 hyponatremia (Na 129 mEq/L) of 1-day
duration alone. The DLT developing in the remaining patient
(#04) were grade 4 leukopenia and grade 4 neutropenia lasting
7 days, and febrile neutropenia. We subsequently made a protocol
revision stipulating mandatory initiation of G-CSF from day 6
and cessation of L-asparaginase if grade 4 thrombocytopenia or
grade 3 or more non-hematological toxicity developed during
its administration. These revisions were approved by the Data
and Safety Monitoring Committee. After these revisions, three
additional patients were registered until October 2006. Of these
patients, two developed DLT. One patient (#05) developed grade
3 hyponatremia and grade 3 activated partial thromboplastin
time (APTT) prolongation. Another patient (#06) experienced
grade 3 hyponatremia. All DLT that developed in these two
patients were manageable and transient. According to the
criteria for assessment of DLT, dose escalation to level 2 was
not done.

Safety. All six evaluable patients developed grade 3 or 4
leukopenia and grade 4 neutropenia (Table 2). Grade 3 non-
hematological toxicities associated with protocol treatment
included hyponatremia (n = 3), febrile neutropenia (n =2),
APTT prolongation (n = 1), hypofibrinogenemia (n = 1), nausea
(n=1), AST elevation (n=1), ALT elevation (n=1), and
hyperglycemia (n = 1) (Table 2). For the last three patients who
were registered after protocol revision, the hematological toxicity
was less severe, and no grade 4 non-hematological toxicity was
encountered. Grade 3 non-hematological toxicities consisted of
two for hyponatremia and one each for APTT prolongation
and hyperglycemia; all resolved rapidly and were manageable.
Dose modification was needed only in L-asparaginase, and
the maximum delay of the second course of SMILE was 7 days
(Table 3). No severe adverse events such as allergy or thrombosis
were observed.

Efficacy. The efficacy of treatment is shown in Table 3. One
patient died of infection and could not be evaluated. The
responses were CR in three patients, partial response in one
patient, and no response in one patient, giving a CR rate of 50%
and an ORR of 67%. Three patients were treated with additional
SMILE chemotherapy followed by high-dose chemotherapy
and autologous HSCT (Table 3). In patient #03, SMILE
chemotherapy was terminated at the end of the first course

Yamaguchi et al.

Table 2. Grade 3 and 4 toxicity profile (n =6)

First three Additional three

Adverse event patients (#02-#04) patients (#05-#07)

Grade3 Graded4 Grade3 Grade 4
Leukopenia 0 3(2) 3 0
Neutropenia 0 3(2) 0 3 (0)
Anemia 3 0 0 0
Thrombocytopenia 1 1(1) 0 0
RBC transfusion 3 0 0 0
PLT transfusion 2 0 1 0
Febrile neutropenia 2 0 0 0
Infection with grade 0 1" 0 0
3 or 4 neutropenia
Nausea 0 0 1 0
AST elevation 1 0 0 0
ALT elevation 1 0 0 0
Hypofibrinogenemia 1 0 0 0
Prolonged APTT 0 0 1 0
Hyperglycemia 0 0 1 0
Hyponatremia 1 0 2 0

Values indicate patient numbers with each adverse events. Values in
parentheses show those with grade 4 hematological toxicities lasting
7 days or more.

*Died of sepsis (grade 5 infection).

ALT, alanine aminotransferase; APTT, activated partial thromboplastin
time; AST, aspartate aminotransferase; PLT, platelet; RBC, red blood
cell.

because of prolonged pancytopenia and hypofibrinogenemia. He
was treated with additional chemotherapy but died of disease
3 months later. Patient #07 was treated with six courses of
SMILE. In this patient, allergic reaction to E. coli L-asparaginase
developed in the fourth course of SMILE. After that, Erwinia
L-asparaginase was used.

Discussion

In the present study, we have attempted to tackle several
obstacles in the effective treatment of advanced or relapsed
NK/T-cell lymphoma and leukemia. ENKL and ANKL respond
poorly to conventional chemotherapy designed for B-cell
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