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Extranodal natural killer/T-cell (ENK/T)
lymphoma is a rare neoplasm, subcatego-
rized into ENK/T-nasal (ENK/T-N) and ENK/
T-nasal type (ENK/T-NT) lymphomas. ENK/
T-NT lymphoma with initial presentation
in the skin is known as primary cutane-
ous ENK/T-NT (PC-ENK/T-NT) lymphoma.
The aim of this study was to investigate
pathogenesis, genomic alterations, and
prognosis of cutaneous ENK/T lympho-
mas to provide further insights into clini-
copathologic features and genetic mecha-
nism of lymphomagenesis. A retrospective

case study of 5 white patients affected by
ENK/T lymphoma (4 PC-ENK/T-NT and
1 ENK/T-N with cutaneous involvement)
was performed. Most of the cases pre-
sented with multiple nodules and ulcer-
ations localized on the extremities. A con-
siderable percentage had disease in
advanced stage with a 12-month survival
rate of 40%. Genomic alterations were
detected by array-based comparative
genomic hybridization that showed gains
of 1q, 7q and loss of 17p in the cases of
PC-ENK/T-NT lymphomas and gain of 7q

and loss of 9p, 12p, 12q in the case of
ENK/T-N lymphoma. In conclusion, ENK/
T lymphoma is a very aggressive entity,
and, in our cases, the exclusively cutane-
ous presentation was not associated with
a better prognosis. The results of our
array comparative genomic hybridization
analysis could be useful to better define
the different ENK/T lymphoma subgroups
with cutaneous involvement. (Blood. 2010;
116(2):165-170)

Introduction

According to the current World Health Organization (WHO)
classification of hematolymphoid tumors, extranodal natural killer/
T-cell lymphoma (ENK/T), nasal (ENK/T-N), and nasal type
(ENK/T-NT) is a clinically aggressive entity, histologically charac-
terized by an Epstein-Barr virus (EBV)–positive atypical lymphoid
cytotoxic infiltrate, extensive vascular destruction, and prominent
tissue necrosis.

ENK/T-N lymphoma usually involves the upper digestive tract,
whereas ENK/T-NT frequently involves the skin, soft tissue,
gastrointestinal tract, and testis also.1 ENK/T-NT lymphoma with
initial presentation in the skin is known as primary cutaneous
ENK/T-NT lymphoma (PC-ENK/T-NT).

ENK/T-NT lymphoma is a rare entity, accounting for less than
2% of non-Hodgkin lymphomas in Europe and North America,2

whereas it occurs with increased frequency in Asian and Central
and South American populations (5%-10% of all non-Hodgkin
lymphomas).3 PC-ENK/T-NT lymphoma is rarer; from a review of
the literature, only approximately 57 cases are reported and less
than 20 cases were in Western countries.4-10 However, its real
frequency is difficult to establish correctly, because all required
data are not always available.

ENK/T lymphomas show short survival time and poor response
to therapy; the survival rate at 5 years ranges from 37.9% to 45.3%,
even if it has improved in recent years with more intensive
therapy.11,12

The common immunophenotype is CD2�, CD56�, surface
CD3�, cytoplasmic CD3��, cytotoxic granules associated proteins
(T-cell intracellular antigen-1 [TIA-1], granzyme, and perforin)

and EBV-encoded RNA (EBER)–EBV�.13 T-cell receptor (TCR)
and immunoglobulin genes are in germline configuration in most
cases. In a small proportion of cases, the TCR genes show clonal
rearrangement, presumably corresponding to the cases of cytotoxic
T-lymphocyte derivation.1

In the current study, 4 cases of PC-ENK/T-NT lymphomas and
1 case of ENK/T-N lymphoma involving the skin were reported and
retrospectively studied for the clinicopathologic features of the
tumor and survival rate. Array-based comparative genomic hybrid-
ization (array CGH) was performed in 3 cases of PC-ENK/T-NT
and in 1 case of ENK/T-N lymphoma to improve the knowledge in
these particular entities. In fact, little is known about their genomic
alterations, and these data could be relevant for a better understand-
ing on genetic mechanism of lymphomagenesis.

Methods

Data from 4 white patients with PC-ENK/T-NT lymphomas and 1 patient
with ENK/T-N lymphoma were collected from the cutaneous lymphomas
center at the dermatology department of Milan between 2002 and 2009
(Table 1).

All cases started with a clinical presentation of lymphoma in the skin,
but in one case the nasal and paranasal cavities were simultaneously
involved (case 3). Histologic diagnosis of the tumor was based on the
WHO–European Organization for Research and Treatment of Cancer
classification of cutaneous lymphomas (2005)14 and the WHO classification
for tumors of hematopoietic and lymphoid tissues (2008).1
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The criteria for case inclusion were as follows: (1) the availability of all
clinical data, (2) examination of histologic features, (3) complete immuno-
phenotype analysis, (4) in situ hybridization for the presence of EBV, and
(5) TCR gene rearrangement analysis.

The following clinical data were collected from the patient records: age,
sex, clinical course, location and type of lesion; complete blood analysis;
serum lactic dehydrogenase (LDH) level, Ann Arbor stage15; bone marrow
biopsy and aspirate; computed tomographic scan of the thorax, abdomen,
head, and neck; the presence of B symptoms; Eastern Cooperative
Oncology Group performance score; International Prognostic Index score16;
type of treatment; follow-up; and survival rate (measured from the date of
diagnosis to the date of death). The 24-month survival rate was calculated
according to the life table method.

Routine hematoxylin and eosin and Giemsa-stained sections were used
to assess histologic features.

The following antibodies were used for immunohistochemistry analy-
sis: cytoplasmic CD3� (polyclonal; Dako), surface CD3 (UCHT1; Dako),
CD4 (1F6; Novocastra), CD5 (4C7; Novocastra), CD8 (C8/144B; Dako),
CD20 (L26; Dako), CD30 (Ber-H2; Dako), CD45RA(4KB5; Dako),
CD45RO (UCHL1; Dako), CD56 (1B6; Novocastra), CD79a (JCB117;
Dako), granzyme B (GrB-7; Monosan), TIA-1 (2G9; Immunotech), TdT
(TdT-339; Novocastra), Mum-1 (MUM-1p; Dako), TCR�F1 (8A3; Thermo
Scientific), TCR�1 (TS8.24; Endogen), and ki-67 (MIB-1; Dako).

In situ hybridization was carried out with a fluorescein-labeled oligonu-
cleotide probe complementary to 2 EBV-encoded small RNAs, EBER-1
and EBER-2 (Dako).

Array CGH was performed in 4 cases to compare their genomewide
genomic alteration patterns. DNA samples were extracted from frozen
lymphoma specimens with a standard phenol chloroform method.17 Array
CGH protocol was elaborated by Agilent Technologies. The array consisted
of 60 base pairs (Agilent 60-mer Whole Human Genome Microarrays) at a
75-kilobase resolution.

Results

The clinical features of the patients are summarized in Tables 1 and
2. The median age was 60 years (range, 55-74 years) with a
male-to-female ratio of 4:1. At the beginning, 4 patients showed
exclusively cutaneous presentation (Figure 1A-C), whereas case 3
had both cutaneous (Figure 1D) and nasal-paranasal cavity involve-
ment. The clinical presentation consisted of multiple nodules,
confluent and diffused in 4 cases, and accompanied by ulceration in
2 cases. The distribution of the lesions was predominantly on the
extremities (100%) and trunk (60%), especially the upper extremi-
ties (80%).

Extracutaneous lesions were observed in 2 cases, respectively
7 and 3 months after the onset of skin presentation (see Table 1):
one had pharynx and pancreas involvement (case 1), the second

Figure 1. Clinical presentation of the patients.
(A) Widespread ulcerated nodular lesions over the right
leg (case 2); (B) erythematous-violaceous nodule on the
arm at the onset (case 4); (C) plaques and nodules with
ulceration and hemorrhagic aspects on the left arm (case
5); (D) nodular-ulcerative lesions localized on the left
hand (case 3).

Table 1. Patient series

Case
no. Sex Age, y Diagnosis Cutaneous involvement Extracutaneous lesions Treatment Outcome, mo

1 M 55 PC-ENK/T-NT Nodules arms, abdomen Pharynx, pancreas; onset 7 mo after

cutaneous lesions

Chemotherapy (CHOP) 10*

2 M 74 PC-ENK/T-NT Nodules and ulcerations right

leg, abdomen

None Chemotherapy (CHOP) 24*

3 M 67 ENK/T-N Multiple nodules and ulcerations

face, arms, abdomen, legs,

genital

Nasal and paranasal cavities; onset

simultaneous with cutaneous

lesions

Chemotherapy (CHOP) �

radiotherapy

15*

4 F 43 PC-ENK/T-NT Nodules arms None Chemotherapy (CHOP) � ganciclovir-

butyrate

12*

5 M 61 PC-ENK/T-NT Nodules left arm Lymphadenopathy left axilla; onset 3

mo after cutaneous lesions

Chemotherapy (CHOP) 4*

PC-ENK/T-NT indicates primary cutaneous extranodal natural killer/T-cell lymphoma nasal-type; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone;
ENK/T-N, extranodal natural killer/T-cell lymphoma nasal.

*Death.
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had satellite lymph node localization, confirmed by histologic
examination (case 5).

Most patients (60%) presented with a bad performance status
(Eastern Cooperative Oncology Group performance score � 2).
Two patients (40%) were in stage III/IV, and systemic symptoms
(B symptoms) such as fever, night sweats, and weight loss occurred
in 40% of patients. Furthermore, a decreased white blood cell count
and an elevated lactic dehydrogenase level were found in 40% of
patients.

All patients received chemotherapy as primary treatment, only
in one case was this followed by radiotherapy (case 2). One patient
(case 4) was treated with antiviral therapy (butyrate plus ganciclo-
vir for EBV high viral load) in association with chemotherapy
without a favorable response. We observed progressive disease in
all patients despite treatments. Follow-up data were available for
all cases.

All patients died with a 12-month survival rate of 40%
(Figure 2).

Histopathologically, all of the patients showed an atypical
tumoral diffuse and angiocentric lymphoid infiltrate involving both
the dermis and subcutaneous region, in association with coagula-
tive necrosis in 2 cases. The neoplastic dermal infiltrate was
consisted of medium-sized lymphocytes with scattered larger cells
(Figure 3A), often accompanied by an inflammatory infiltrate
containing histiocytes and neutrophils.

Immunohistochemical analysis showed the classical findings
reported in literature with positivity of tumor cells of all patients for
CD2, CD56 (Figure 3B), cytoplasmic CD3�, granzyme B (Figure
3C), TIA-1, and negativity for surface CD3. CD45RO was
expressed in 4 of 5 cases, whereas CD45RA was positive only in
case 5. EBER signals were detected in all cases (Figure 3D), and
clonal rearrangement of the TCR � gene was always absent.

On the basis of clinical and histopathologic features, diagnosis
of PC-ENK/T-NT lymphoma was made for cases 1, 2, 4, and 5 and
of ENK/T-N lymphoma for case 3.

Array CGH was performed to analyze DNA samples of
3 PC-ENK/T-NT lymphoma cases (cases 1, 2, and 4) and
1 ENK/T-N lymphoma case (case 3). Chromosomal ideograms
representing regions of gain or loss are summarized in Figure 4.

PC-ENK/T-NT lymphomas showed gain of 1q21.2-q23.3,
1q31.3-q32.1, 1q32.1-q44, 7q11.22-qter and loss of 17p13.2-p13.1
in 2 cases (66%); whereas gain of 1q32.1 was seen in 3 cases
(100%). Deletion on chromosome 6 was found only in one case
(6q16-qter). In the ENK/T-N case, region of gain was 7q11.22-qter
and regions of loss were 9p21.3, 12pter-12p11.1, 12q13.12.

Discussion

ENK/T lymphoma is a rare neoplasm, especially uncommon in
Western countries.

We collected data from 5 white patients born in Italy, in whom
diagnosis of ENK/T lymphoma was thoroughly proven on his-
topathologic and immunophenotypical grounds. All cases showed
an angiocentric growth pattern infiltrate of pleomorphic tumor cells
with cytoplasmic CD3� and CD56� phenotype and showed the
presence of EBV. Our cases showed similar clinicopathologic
aspects to the cases reported in the literature8: cutaneous onset was
characterized by nodules preferentially localized on the extremi-
ties, and ulceration was observed in 2 cases.

Advanced stage of disease (III/IV) occurred in a considerable
percentage of patients (40%). It was reported that localized
cutaneous manifestations are related to a less-aggressive course

Figure 2. Estimated survival curve for patients with ENK/T-cell lymphomas.

Table 2. Clinical features

Feature Value

Sex

Male, n (%) 4 (80)

Female, n (%) 1 (20)

Age, y

Range 55-74

Mean 60

Cutaneous involvement

Solitary, n (%) 0 (0)

Multiple, n (%) 5 (100)

Distribution

Extremities, n (%) 5 (100)

Trunk, n (%) 3 (60)

Head and neck, n (%) 1 (20)

Macroscopy

Papule, n (%) 0 (0)

Erythema, n (%) 4 (80)

Nodules, n (%) 5 (100)

Ulceration, n (%) 2 (40)

Extracutaneous lesions

None, n (%) 2 (40)

Upper digestive tract, n (%) 2 (40)

Lymphadenopathy, n (%) 1 (20)

Bone marrow involvement, n (%) 0 (0)

Visceral involvement, n (%) 1 (20)

Clinical manifestation

B symptom, n (%) 2 (40)

Decreased WBC count, n (%) 2 (40)

Lymphocytosis, n (%) 0 (0)

Increased LDH level, n (%) 2 (40)

Staging

I-II, n (%) 3 (60)

III-IV, n (%) 2 (40)

ECOG performance status

0-1, n (%) 2 (40)

2-5, n (%) 3 (60)

IPI

0-2, n (%) 2 (40)

3-5, n (%) 3 (60)

Treatment

Combined, n (%) 2 (40)

Chemotherapy only, n (%) 3 (60)

Radiotherapy only, n (%) 0 (0)

Follow-up

Dead, n (%) �mean survival time, mo� 5 (100) �13�

WBC indicates white blood cell; LDH, serum lactic dehydrogenase; ECOG,
Eastern Cooperative Oncology Group; and IPI, International Prognostic Index.
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and a better survival outcome.4,18 However, according to other
investigators,1,8,9,19 in our cases the exclusively cutaneous presenta-
tion observed in 4 cases was not associated with a better prognosis;
all patients died despite the therapy with a 12-month survival rate
of 40%. Case 5 had an early lymph node involvement with a very
short survival rate. Therefore, invasion of regional lymph nodes
could induce an aggressive course as described in similar cases of
nodal lymphomas.

From all the analyzed series in the literature, chemotherapy
associated with radiotherapy seems to be the most efficacious
treatment for ENK/T lymphomas. However, despite this, the prog-
nosis is usually poor, with a median survival time of less than
15 months, confirming the highly aggressiveness of this particular
lymphoma.20 Patients with poor prognostic features may be
considered for an early autologous hematopoietic stem cell trans-
plantation (HSCT). Allogenic HSCT seems to be an interesting
alternative for the potential graft-versus-lymphoma effect. This is
particularly relevant, because ENK/T lymphoma cells express
EBV antigens that may be alloreactive targets; however, treatment
is limited by a high transplantation-related mortality.21,22

Therefore, there are new experimental protocols ongoing that
use monoclonal antibodies21,22 and L-asparaginase that appear to be
promising and are now being tested in clinical trials.23 Prospective
data on larger series of patients treated homogeneously also with
innovative approaches are needed, to establish the best treatment
for this very aggressive lymphoma.

Few reports in which array CGH was used have been published,
although many of those reports did not distinguish between
aggressive NK-cell leukemia and ENK/T lymphomas cases. They
reported chromosome loss of 1p, 4q, 5g, 6q, 7q, 11q, 12q, 15q, 17q
and gain of 2q, 10q, 13q. Several investigators have focused on loss
of 6q, a region that includes many tumor suppressor genes.24-26

In our study we analyzed ENK/T genomic alterations with array
CGH technique, to better characterize this distinct entity.

Gain of 1q was found in all the PC-ENK/T-NT lymphomas,
whereas no gain was observed in the ENK/T-N case. Other
interesting differences probably useful to distinguish between
PC-ENK/T-NT and ENK/T-N lymphomas are the deletions on 9p,

12p, and 12q, which are present only in the ENK/T-N case. It is of
interest that CDKN2A and CDKN2B are located on 9p21.3; these
genes are involved in the cell cycle, and their loss is described in
tumor formation in a wide range of tissues, particularly in cases of
leukemia and lymphoma.27-28

Loss of 6q is a frequent reported genomic alteration in
ENK/T lymphomas, but in our study it was present only in one case
of PC-ENK/T-NT. However, as previously mentioned by Ko et al,25

the significance of 6q deletion on the pathogenesis remains unclear.
Nakashima et al24 found loss of 17p13.1, on which region TP53 is
located, in 40% of the aggressive NK-cell leukemia group, but not
in the ENK/T lymphomas. Controversially, in other reports, abnor-
mal expression of the p53 protein and mutation of the TP53 gene
were detected in a wide range of cases.29 In our study, loss of 17q
was found in 2 PC-ENK/T-NT cases (66%) but not in the ENK/T-N
case. Thus, TP53 could play a relevant role in the PC-ENK/T-NT
lymphomagenesis, even if its deletion is not always reported.

Our results could well provide further insights into the genomic
mechanism of lymphomagenesis and a deeper understanding of the
clinicopathologic features of ENK/T-N and -NT lymphomas.
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