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Abstract

Peripheral T- and natural killer (NK)—cell
lymphomas (PTNKLs) are a heterogeneous group of
lymphoid malignancies. We reclassified 142 cases
and investigated their clinicopathologic features and
outcome. Results showed that the most prevalent
subtypes were extranodal NK/T-cell lymphoma, nasal
type (eNK/T) (38.0%), angioimmunoblastic T-cell
lymphoma (16.9%), and peripheral T-cell lymphoma,
not otherwise specified (16.2%,). Follow-up was
available in 124 patients whose overall survival
ranged from 3 days to 134 months, with a median
of 11 months. Multivariate analysis demonstrated
that thrombocytopenia (P = .001), elevated lactate
dehydrogenase (P = .007), high Ki-67 index (P =
.002), and T-bet expression in more than 20% of cells
(P =.036) were independent factors for all cases—
among which only the factor of T-bet indicated good
outcome—and that thrombocytopenia (P = .011) and
radiotherapy (P = .026) were significant for the eNK/T
group. Thus, eNK/T was the commonest subtype in this
series. The significance of T-bet in predicting outcome

should be further confirmed.

© American Society for Clinical Pathology

Mature (peripheral) T- and natural killer (NK)—cell lym-
phomas (PTNKLs) are a heterogeneous group of lymphoid
malignancies with a wide variety of clinicopathologic features.
They vary significantly in incidence and subtype distribution
in different geographical regions or racial populations, and are
found more frequently in Asian populations in general.! In
the last several years, following an in-depth understanding of
World Health Organization (WHO) classification and growing
practice in this group of complicated disorders, several large
studies have described PTNKLs from different Asian countries
and regions,”® but data from northern China are limited.

Owing to a lack of comprehensive understanding of the
molecular characteristics and pathogenesis of PTNKLs, their
diagnosis and classification mainly rely on clinical features
in conjunction with morphologic and immunophenotypic
presentations. Most PTNKLs have a highly aggressive clini-
cal course but do not respond to aggressive chemotherapy.
Their prognosis is varied and relies heavily on clinical fac-
tors, such as the international prognostic index (IPI), stage,
and modes of therapy used; however, the prognostic signifi-
cance of pathologic factors is controversial.”-® Our previous
study revealed that the transcription factors 7-bet, ETS, and
EOMES, which engage in development of NK and T cells,
were commonly expressed in nasal NK/T-cell lymphomas
and some peripheral T-cell lymphomas, but not in the control
group of B-cell lymphomas.’

In this study, we retrospectively investigated 142 cases
of PTNKL diagnosed within the last 10 years and reexamined
and reclassified them according to the WHO classification.'”
The resultant subtype distribution, clinicopathologic features,
treatment results, and outcomes were evaluated. In addition,
the expressive status of the transcription factors 7-bet and
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ETS-1 was analyzed, and their pathobiologic significance in
PTNKLs was clarified.

Materials and Methods

Case Series and Clinical Data

A total of 189,834 surgical specimens were archived at
the Department of Pathology, Peking University First Hospital,
which serves the general population of Beijing and northern
China, between January 2000 and September 2010. Six hun-
dred eighty-eight non-Hodgkin lymphomas were diagnosed
during this period, of which 164 patients were classified as T-
and NK-cell lymphomas. After rejecting 12 cases of T-cell and
1 case of NK-cell lymphoblastic lymphoma for reasons related
to the study, and 9 cases of mature T/NK-cell lymphoma for
reasons related to the specimens, 142 cases of PTNKL were
collected and retrospectively analyzed. They were reclassified
according to the WHO classification.'? In angioimmunoblastic
T-cell lymphoma (AITL) cases, the diagnosis was based on
the following criteria: partial or diffuse effacement of the nodal
architecture, vascular proliferation with prominent arboriza-
tion of high endothelial venules, extrafollicular meshwork of
follicular dendritic cells, atypical population of CD3+ T cells,
and large CD20+ B cells.!!

Clinical characteristics of the patients were recorded. The
information included a complete medical history and physical
examination; computed tomography of the chest, abdomen,
and pelvis; bone marrow involvement; and relevant laboratory
data. Performance status (0 to 1 vs >2), and Ann Arbor stage
were evaluated, too. The modes of therapy used were col-
lected. Follow-up data on all 142 cases were collected.

Histopathology and Immunohistochemistry (IHC)

Tissue specimens were fixed in 10% formalin or neutral-
buffered formalin, routinely processed, and embedded in
paraffin. Sections of 4-pum thickness were stained with H&E.
IHC staining was performed using DAKO EnVision detection
kit (DAKO, Carpinteria, CA). The tissue sections underwent
heat-induced antigen retrieval in citrate acid buffer (pH 6.0)
or EDTA-Tris (pH 9.0). A standard panel of antibodies
that was performed on each case included CD3 (clone Psl,
DAKO, Glostrup, Denmark), CD4 (clone 1F6, Neomarkers,
Fremont, CA), CD5 (clone SP19, Neomarkers), CDS8 (clone
SP16, Neomarkers), CD20 (clone L26, DAKO), CD79a
(clone JCB117, DAKO), CD15 (clone Car-b, DAKO), CD30
(clone BER-H2, DAKO), CD56 (clone 123C3, Zymed, South
San Francisco, CA), TIA-1 (clone TIA-1, Coulter, Hialeah,
FL), granzyme B (clone 11F1, Novocastra, Newcastle upon
Tyne, England), TCR- (clone G-11, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), Ki-67 (clone SP6, DAKO), cutancous
lymphocyte—associated antigen (CLA; clone HECA-452,
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Biolegend, San Diego, USA), T-bet and ETS1 (H-210 and
1G11, Santa Cruz). The antibodies that were performed as
needed included CXCL13 (clone AF801, R&D systems, Min-
neapolis, MN), CD10 (clone 56C6, Novocastra), bcl-6 (Clone
PG-B6p, DAKO), CD21 (clone 2G9, Novocastra), anaplastic
lymphoma kinase (ALK; clone ALK1, DAKO), and EMA
(clone MC-5, Zhongshan Biological, Beijing, China). For the
results of T-bet and ETS1 staining, the percentage of positive
tumor cells was semiquantitatively estimated: negative (<5%
cells were positive), weakly positive (1+, 6%-20% cells posi-
tive), moderately positive (2+, 21%-50% cells positive), or
strongly positive (3+, >50% cells positive). Pathologic review
was performed by 3 pathologists (Y-L.R., L.N., T.L.) to con-
firm the diagnosis and each case was reclassified according to
the WHO classification.'?

In Situ Hybridization (ISH) Test for Epstein-Barr Virus
(EBV)

The ISH test for detection of EBV genome was per-
formed in 136 cases that had sufficient tissue specimens
using a specific probe for EBV-encoded small RNA-1
(EBER-1, Zhongshan) according to manufacturer’s instruc-
tions. An EBV-positive NK/T-cell lymphoma and EBV-
negative lymphoid tissue were used separately as positive
and negative controls. The percentage of positive tumor cells
was semiquantitatively estimated as the standard in IHC.

Statistical Analysis

Clinical factors and the expression of immune markers
among various subtypes were compared using the 7 test,
Fisher exact test, or Mann-Whitney U test when appropriate.
Treatment outcomes were measured by means of failure-free
survival (FFS) and overall survival (OS). FFS was defined
as the time from initial diagnosis to progression, relapse, or
death from any cause. OS was calculated by the time from
initial diagnosis to death from any cause or last follow-up.
Estimates of FFS and OS were calculated using the Kaplan-
Meier method and compared with log-rank tests. A forward
stepwise Cox regression with multivariate analysis was
used. Differences were considered statistically significant
when the 2-sided P value was less than .05. All analyses
were performed with SPSS 13.0 software (Chicago, IL).

Results

Subtype Distribution

According to the WHO classification, the 142 cases of
PTNKLs were reclassified and the subtype distribution is
listed in ETable 10. The most prevalent subtype was extra-
nodal NK/T-cell lymphoma, nasal type (eNK/T) (n = 54,
38%) Hmage 11, followed by AITL (n = 24, 16.9%) llmage
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ITable 11
Subtype Distribution of 142 Northern Chinese Patients With Peripheral T/NK-Cell Lymphomas
Subtype of Peripheral T/NK-Cell Lymphomas No (%) Median Age (y) M:F Ratio
T-cell prolymphocytic leukemia 0 (0) NA NA
T-cell large granular lymphocytic leukemia 0(0) NA NA
Aggressive natural killer cell leukemia 0 (0) NA NA
EBV+ T-cell lymphoproliferative diseases of childhood 4(2.8) 8.6 4:0
Adult T-cell leukemia/lymphoma 0 (0) NA NA
Extranodal NK/T-cell lymphoma, nasal type 54 (38.0) 38.5 2.2:1
Enteropathy-associated T-cell lymphoma 4(2.8) 51.5 4:0
Hepatosplenic T-cell ymphoma 3(2.1) 33.0 2:1
Subcutaneous panniculitis-like T-cell ymphoma 1(0.7) NA 0:1
Mycosis fungoides/Sézary syndrome 9(6.3) 52 2:1
Primary cutaneous CD30+ T-cell lymphoproliferative disorders 6(4.2) 72.5 5:1
Primary cutaneous CD8-positive aggressive epidermotropic 2(1.4) 38.0 1:1
cytotoxic T-cell lymphoma
Peripheral T-cell lymphoma, NOS 23 (16.2) 53 1.1:1
Angioimmunoblastic T-cell lymphoma 24 (16.9) 67 2:1
Anaplastic large cell lymphoma, ALK positive 7 (4.9) 10 6:1
Anaplastic large cell ymphoma, ALK negative 5(3.5) 46 5.0
Total 142 (100) 475 2.2:1

ALK, anaplastic lymphoma kinase; EBV, Epstein-Barr virus; NA, not available; NK, natural killer; NOS, not otherwise specified.

IImage 10 Histopathologic features and immunophenotyping of extranodal natural killer (NK)/T-cell ymphoma, nasal type. A,
Tumor cells were composed predominantly of polymorphic medium-sized to large cells with irregular nuclei and inconspicuous
nucleoli. An angiocentric and angiodestructive growth pattern was present (H&E, x400). On immunohistochemical staining,
tumor cells were strongly positive for CD56 (B, x400) and TIA-1 (C, x400). D, In situ hybridization with Epstein-Barr virus—
encoded small RNA (EBER-1) probe revealed positive signals in the nuclei of numerous tumor cells (x400).
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20, peripheral T-cell lymphoma, not otherwise specified
(PTCL-NOS) (n = 23, 16.2%), mycosis fungoides (MF)/
Sézary syndrome (n = 8 and 1, respectively, 6.3%), ana-
plastic large-cell lymphoma, ALK-positive (ALCL, ALK+)
(n = 7, 49%), primary cutaneous ALCL (C-ALCL) (n
=6, 4.2%), ALCL, ALK— (n = 5, 3.5%), EBV+ T-cell
lymphoproliferative diseases of childhood (EBV + TLPD)
and enteropathy-associated T-cell lymphoma (n = 4 each,
2.8%), and hepatosplenic T-cell lymphoma (n = 3, 2.1%).
Several subtypes of PTNKLs were not found in our series,
such as T-cell prolymphocytic leukemia and adult T-cell
lymphoma/leukemia.

Clinical Characteristics

Median age for the 142 patients was 47.5 years, with a
range of 2 to 95 years. A male predominance was noted, with a
male-to-female ratio of 2.3:1 (98:44). For subtypes, the median
age was younger in eNK/T (38.5 y), ALCL, ALK+ (10 y), and
EBV+ TLPD (8.5 y), but older in AITL (67 y) and C-ALCL
(72.5y) (Table 1).

The most common sites for this series were upper aerodi-
gestive tract (n = 56, 39.4%), lymph node (n = 47, 33.1%),
and skin (n = 26, 18.3%). Thirteen cases (9.2%) arose at other
sites including gastrointestinal tract, spleen, liver, soft tissue,
and bone marrow. Forty-six (85.2%) of 54 eNK/T cases arose

IImage 20 Histopathologic features and immunophenotyping of angioimmunoblastic T-cell lymphoma. A, Diffuse infiltration

of medium-sized atypical lymphoid cells with abundant clear cytoplasm, usually around marked proliferation of arborizing high
endothelial venules (H&E, x400). On immunohistochemical staining, CD21 exhibited the expanded follicular dendritic cell
meshworks (B, x100); characteristically, tumor cells were strongly positive for CXCL13 (€, x400). D, In situ hybridization with
Epstein-Barr virus—encoded small RNA (EBER-1) probe revealed positive signals in the nuclei of scattered large B cells (x400).
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in the upper respiratory tract including nasal cavity (n = 31,
67.4%), oral cavity (n =7, 15.2%), nasopharynx (n = 3, 6.5%),
vocal cords (n = 2, 4.3%), and other sites (n = 4, 8.7%) such
as paranasal sinuses, and pyriform. Another 8 (14.8%) of 54
eNK/T cases occurred in the skin (n = 6, 11.1%), intestine (n =
1, 1.8%), and lymph node (n = 1, 1.8%). Twenty-four (100.0%)
of 24 and 12 (52.2%) of 23 cases arose in the lymph nodes in
patients with AITL and PTCL-NOS, respectively. Another 11
cases of PTCL-NOS occurred in the upper acrodigestive tract,
gastrointestinal tract, and soft tissue separately.

The clinical characteristics of patients are summa-
rized in ETable 20. More than two thirds of patients in this
series had advanced stage (III/IV) disease or high level of
B,-microglobulin, while poor performance status (>1), bone
marrow involvement, or effusion/edema/ascites was seen in
fewer than one quarter of the patients. Bone marrow punc-
ture or biopsy of 98 cases showed involvement in 12 cases.
The following features, including age more than 60 years
(P <.001), performance status (P = .012), effusion/edema/
ascites (P < .001), splenomegaly (P = .002), hepatomegaly
(P = .001), enlarged mediastinal lymph node (P = .003),
enlarged abdominal lymph node (P < .001), and elevated
lactate dehydrogenase (LDH) (P = .020) demonstrated dif-
ference among the 3 major subtypes with LDH seen most
frequently in PTCL-NOS and the others most frequently in
AITL.

Immunophenotyping

Immunohistochemically, all 54 cases of eNK/T were
positive for CD3e and cytotoxic proteins (90.7% for TIA-
1, 90.7% for granzyme B, and 83.3% for both), and 43/53
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(81.1%) positive for CD56. For 24 cases of AITL, moderate
or strong immunoreaction of tumor cells for CXCL13, bcl-6,
and CD10 were observed in 20/24 (83.3%), 16/24 (66.7%)
and 10/24 (41.7%) cases respectively. All 24 cases were
positive for TIA-1 with weak or moderate degree and only
1 was positive for granzyme B. CD21 staining exhibited the
expanded follicular dendritic cell meshworks in 17 (70.8%)
of 24 cases. In PTCL-NOS group, CD56 expression was
observed in 8 (34.8%) and cytotoxic proteins in 16 (69.6%)
(16 for TIA-1, 4 for granzyme B, and 4 for both) of 23 cases.
Strong expression of CD30 was seen in all 3 cases of ALCL
subtypes (7 cases of ALCL, ALK+, 6 cases of C-ALCL, and
5 cases of ALCL, ALK-), while ALK was demonstrated in
only 7 cases of ALCL, ALK+ with staining patterns being
cytoplasmic-nuclear in 2 cases, membranous cytoplasmic
in 2, nuclear in 2, and cytoplasmic in 1 case. In addition,
most of the ALCL, ALK+ cases lost the expression of T-cell
markers, with only 3 cases positive for CD3 reaction, but all
positive for cytotoxic proteins. In our series, all 3 cases of
hepatosplenic T-cell lymphoma displayed 3 origin (TCRB-)
and CD56 negativity. CLA staining manifested in 22.7%
cases of the large group and covered various subsets includ-
ing eNK/T (36.4%), PTCL-NOS (16.7%), AITL (5.3%),
ALCL, ALK+ (40.0%), MF (40.0%), and C-ALCL (66.7%),
and was associated with skin disease (P = .004).

The expression of T-bet llmage 30 and ETS-1 Ilmage 41
was detected in all subsets in various proportions ITable 3N,
with total positive rates of 84.3% and 58.6%, respectively.
The proportion of more than 20% immunostaining for T-bet
and ETS-1 in some groups was as follows: 88.0% and 38.8%
in eNK/T group, 33.3% and 0.0% in PTCL-NOS, 54.2% and

ITable 21
Clinical Characteristics of Major Subtypes of 142 Northern Chinese Patients With Peripheral T/NK-Cell Lymphomas”
ALCL
eNK/T PTCL-NOS  AITL ALK+ ALK- C-ALCL  MF Other Subtypes All
B symptoms 29/49 (69.2)  8/23(34.8)  16/23(69.6) 6/7(85.7)  2/5(40.0) 0/5(0.0)  2/7(28.6) 14/15(93.3) 77/134 (57.5)
PS >1 2/49 (4.7) 3/22 (13.6)  6/22(27.3)  0/7(0.0) 0/5(0.00 0/5(0.00 0/7(0.0) 4/15(26.7) 15/132 (11.4)
Stage IV 31/50(62.0) 17/23(73.9) 17/19(89.6) 7/7(100.0) 5/5(100.0) 1/5(20.0) 3/7(42.9) 15/15(100.0) 96/131 (73.3)
Enlarged lymph 17/40 (42.5)  11/19(57.9)  20/20 (100.0) 7/7(100.0) 3/4(75.0) 2/4(50.0) 3/6(50.0) 7/15 (46.7) 70/115 (60.9)
nodes >1 site
Effusion/edema/  4/42 (9.5) 2/20(10.0)  11/18(61.1)  1/7(143)  1/4(25.00 0/4(0.00  0/7(0.00  7/14(50.0) 26/116 (22.4)
ascites
Leukopenia 4/37(10.8)  2/17(11.8)  2/18(11.1)  2/7(28.6)  0/3(0.00 0/2(0.00  1/5(20.0) 4/15(26.7) 15/104 (14.4)
Thrombocytopenia 5/37 (13.6)  3/17 (17.6)  2/18(11.1) 1/7(14.3)  0/3(0.00 0/2(0.0) 0/5(0.0) 5/15(33.3) 16/104 (15.4)
Lymphopenia 18/37 (48.6) 5/17(29.4)  7/18(38.9)  2/7(28.6)  1/3(33.3) 1/2(560.0) 1/5(20.0) 5/15(33.3) 40/104 (38.5)
LDH >normal 5/21(23.8)  6/9(66.7) 1117 (64.7)  3/5(60.00  1/2(50.0) 0/1(0.0)  2/4(50.00 7/12(58.3) 35/71 (49.3)
Albumin <normal  20/37 (64.1)  8/17 (47.1) ~ 14/18(77.8) 3/7(42.9)  1/3(33.3) 0/2(0.00  3/5(60.0) 10/15(66.7) 59/104 (56.7)
y-globulin >normal  2/5 (40.0) 3/5 (60.0) 6/9 (66.7) 0/0(0.0) 0/1(0.00 0/0(0.0)  0/1(0.0  3/5(60.0 14/26 (53.8)
p,-microglobin 12/16 (75.0)  4/6 (66.7) 9/10(90.0)  2/2(100.0) 1/1(100.00 1/2(50.0) 2/3(66.7) 3/3(100.0) 34/43 (79.1)
>normal
BM involvement  1/34 (2.9) 3/16(18.8)  1/16 (6.3) 2/6(33.3) 1/5(20.0) 0/3(0.0) 0/6(0.0) 4/12(33.3) 12/98 (12.2)

AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; BM, bone marrow; C-ALCL, primary cutaneous
anaplastic large cell lymphoma; eNK/T, extranodal NK/T-cell lymphoma, nasal type; LDH: serum lactate dehydrogenase; MF, mycosis fungoides; NK, natural killer;
PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified; PS, performance status.

" Data show number of positive cases/total number of cases examined (percentage).

© American Society for Clinical Pathology
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HImage 30 Different degrees of immunostaining with T-bet. A, Negative reactivity (-, <5% cells were positive), a case

of peripheral T cell ymphoma, not otherwise specified. B, Weakly positive (1+, 6%-20% cells positive), a case of
angioimmunoblastic T-cell lymphoma. €, Moderately positive (2+, 21%-50% cells positive), a case of mycosis fungoides.
D, Strongly positive (3+, >50% cells positive), a case of extranodal natural killer (NK)/T-cell lymphoma, nasal type.

12.5% in AITL, 50.0% and 16.7% in ALCL, ALK+, 60.0%
and 20.0% in ALCL, ALK—, 14.3% in MF in both, 33.3% in
C-ALCL in both, and 53.3% and 20.0% in the others. For reasons
related to sample size, we further analyzed their expressive
status only in the 3 major subtypes. Statistical analysis showed
differences between any 2 subsets, ic, eNK/T and PTCL-NOS
(P < .001 for both markers), eNK/T and AITL (P = .002 for
T-bet and P = .008 for ETS-1), and PTCL-NOS and AITL
(P =.023 for T-bet and P = .015 for ETS-1). For the eNK/T
group, receiver operating characteristic analysis among the
3 major subsets showed an area value of 0.762 for T-bet
and 0.734 for ETS-1 with P < .001 for both. Further grad-
ing of staining was analyzed in the 3 major subtypes. Strong

440 AmJ Clin Pathol 2012;138:435-447
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staining of T-bet was observed most frequently in eNK/T
(62.0%), second in AITL (29.2%), and least in PTCL-NOS
(9.5%). Similar tendency was found in ETS-1 for its strong
immunoreaction with a frequency of 22.4% in eNK/T, 4.2%
in AITL, and none in PTCL-NOS. Moreover, all PTCL-NOS
cases were negative or weakly positive. Pairwise comparison
of staining status of the 2 markers was performed among the
3 major subtypes. A significant difference was seen between
eNK/T and PTCL-NOS in any staining grade for both markers
(all P <.01). The difference between eNK/T and AITL was
significant in that more than 20% staining was seen for both
markers (P = .002 for T-bet, and P = .029 for ETS-1) and
significantly strong staining was seen for T-bet (P =.013).

© American Society for Clinical Pathology
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IImage 40 Different degrees of immunostaining with ETS-1. A, Negative (-, <5% cells were positive), a case of peripheral
T-cell ymphoma, not otherwise specified. B, \Weakly positive (1+, 6%-20% cells positive), a case of angioimmunoblastic T-cell
lymphoma. €, Moderately positive (2+, 21%-50% cells positive), a case of extranodal natural killer (NK)/T-cell lymphoma, nasal
type. D, Strongly positive (3+, >50% cells positive), another case of extranodal NK/T-cell lymphoma, nasal type.

ITable 31
Expression of T-bet and ETS-1 in 142 Northern Chinese Patients With Peripheral T/NK-Cell Lymphomas by
Immunohistochemistry”

T-bet ETS-1

No. - 1+ 2+ 3+ No. - 1+ 2+ 3+
eNK/T 50 1(2.0) 5(10.0) 12 (26.0) 31 (62.0) 49 8(16.3) 22 (44.9) 8(16.3) 11(22.4)
PTCL-NOS 21 7 (33.3) 7 (33.3) 5(23.8) 2(9.5) 21 15(71.4) 6 (28.6) 0(0.0) 0(0.0)
AITL 23 1(4.2) 10 (41.7) 6 (25.0) 7(29.2) 23 9 (37.5) 12 (50.0) 2(8.3) 1(4.2)
ALCL-ALK+ 6 2(33.3) 1(16.7) 3(50.0) 0 6 4(66.7) 1(16.7) 1(16.7) 0
ALCL-ALK- 5 0(0.0) 2 (40.0) 0(0.0) 3(60.0) 5 2 (40.0) 2 (40.0) 1(20.00 O
C-ALCL 6 2(33.3) 2(33.3) 1(16.7) 1(16.7) 6 4 (66.7) 01(0.0) 1(16.7) 1(16.7)
MF 7 5(71.4) 1(14.3) 0(0.0) 1(14.3) 7 5(71.4) 1(14.3) 0(0.0) 1(14.3)
Others 15 3(20.0) 4(26.7) 2(13.3) 6 (40.0) 15 8 (53.3) 4(26.7) 2(13.3)  1(6.7)
Total 133 21 (15.7) 32 (23.9) 29 (22.4) 51 (38.1) 132 55 (41.4) 48 (36.1) 15(11.3) 15(11.3)

AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; C-ALCL, primary cutaneous anaplastic large cell
lymphoma; eNK/T, extranodal NK/T-cell lymphoma, nasal type; MF, mycosis fungoides; NK, natural killer; PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified;
—, <5% of cells were positive; 1+, 6%-20% of cells were positive; 2+, 21%-50% of cells were positive; 3+, >50% of cells were positive.

* Data show number of cases (percentage).

© American Society for Clinical Pathology Am J Clin Pathol 2012;138:435-447 441
DOI: 10.1309/AJCPWKJ3GPFRT7GA

$20Z Iudy 0z uo 1s8nb Aq 29699/ L/SEY/E/SE L/81onIe/dole/woo dnoolwepeoe//:sdiy woJj pspeojumoq



Ren et al / CLiNnicoBioLoGic FEATURES AND ProGNosis oF PTNKL

However, difference between PTCL-NOS and AITL was only
demonstrated in general positive staining (P =.017 for T-bet,
and P =.036 for ETS-1).

EBV

All 54 cases (100%) of eNK/T were positive for EBER
with strong or moderate reaction in 45. All 4 cases of EBV-
TLPD showed a moderate or better reaction. EBV-positive
large B cells were identified in 9 of 24 cases (37.5%)
of AITL. Positive EBV reaction was also observed in 3
(14.3%) of 21 PTCL-NOS cases.

Treatment

We obtained the treatment status of 103 cases, of which
7 received no treatment and 96 (36 eNK/T, 17 PTCL-NOS,
17 AITL, and 26 others) received various modes of thera-
py. The treatment modalities included cyclophosphamide,
hydroxydaunorubicin, vincristine (Oncovin), prednisone
(CHOP)/CHOP-type chemotherapy, radiotherapy, hema-
topoietic stem cell transplantation (HSCT), Chinese medi-
cine, or a combination of them. Most of the cases received
CHOP/CHOP-type chemotherapy (61 cases), radiotherapy
combined with or without chemotherapy (21 vs 3 cases),
or chemotherapy and/or radiotherapy followed by HSCT (5
cases) with radiotherapy mainly for eNK/T group (16 cases).
Among the 3 major subtypes, 35 cases with eNK/T received
chemotherapy alone (19 cases) or chemoradiotherapy (16
cases) and 1 had chemotherapy followed by HSCT. For
PTCL-NOS, 16 cases had chemotherapy, of which 5 had
combination therapy (3 with radiotherapy and 2 with HSCT)
and 1 received only Chinese medicine. All 17 AITL cases
received chemotherapy alone.

Outcome and Survival Analysis

Follow-up data were available for 124 patients whose
OS ranged from 3 days to 134 months, with a median of 11
months; of these, 43 patients (34.7%) had eNK/T, 22 had
PTCL-NOS (17.7%) and 21 had AITL (16.9%). A total of
58 (46.7%) patients died of disease 3 days to 67 months after
diagnosis, with a median of 8 months, including 20 (46.5%)
of 43 cases of eNK/T, 12 (54.5%) of 22 cases of PTCL-
NOS, 10 (47.6%) of 21 cases of AITL, and 16 (42.1%) of 38
other cases. The cause of death included tumor progression
(n =37, 63.8%) or related complications such as treatment
toxicity or infection (n =12, 20.7%), bleeding (n = 3, 5.2%),
respiratory failure (n = 2, 3.4%), or other unknown reasons
(n =4, 6.9%). Sixty-six patients were alive, with a median
survival of 18.5 months; of these, 48 patients were living
with illness, with overall survival periods of 1 to 134 months
(mean, 20.1 mo); 18 patients were alive without disease for
periods ranging from 8 to 134 months; and 3 survived longer
than 10 years (1 case each of eNK/T, AITL, and MF).

a42 AmJ Clin Pathol 2012;138:435-447
DOI: 10.1309/AJCPWKJ3GPFRT7GA

As shown in EFigure 10, the 2- and 5-year OS rates were
53.4% and 42.5% in all cases, 56.1% and 56.1% in eNK/T
cases, 50.5% and 21.6% in PTCL-NOS cases, 54.3% and
37.3% in AITL cases, respectively, reaching an apparent pla-
teau level around 5 years. The 2- and 5-year FFS rates were
44.3% and 25.1% in all cases, 43.7% and 22.4% in eNK/T,
43.3% and 14.4% in PTCL-NOS, 44.5% and 25.4% in AITL,
respectively. For the small sample size of other subtypes, we
did not perform further analyses on their outcomes.

Univariate and Multivariate Analyses of OS and FFS

The pathologic and clinical factors were evaluated
for prediction of survival by means of univariate analysis.
Advanced stage (III/IV) disease and thrombocytopenia BFig-
ure 2Al were found to be significant predictors (P <.001) for
poor OS. Other predictors for poor OS included more than
1 extranodal sites involved (P = .032), enlarged abdominal
lymph nodes (P = .037), leucopenia (P =.001), lymphopenia
(P =.024), low serum albumin (P = .008), elevated LDH (P
=.008) WFigure 2B, and Ki-67 index above 70% (P = .019)
EFigure 2CH. CLA expression (P = .018) was a good predic-
tor. The analysis of T-bet showed that only positive staining
above 20% displayed effect on good outcome (P = .031) for
the patients in the large group of PTNKLs EFigure 2Dl but
not for any individual subset, including eNK/T EFigure 30
ETS-1 showed significance for neither all PTNKLs nor any
subset BFigure 40. The tendency of FFS curves was almost
identical with OS. Multivariate analysis of the aforemen-
tioned indexes showed that thrombocytopenia (P = .001),
elevated LDH (P = .007), and high Ki-67 index (P = .002)
were significant factors for predicting poor outcome, while
T-bet expression in more than 20% of tumor cells (P =.036)
was a protective factor.

In the group of eNK/T cases, advanced stage (P =
.006), leucopenia (P = .017), thrombocytopenia (P < .001),
low serum albumin (P = .020), elevated LDH (P = .001),
and CDS56 expression (P = .008) were poor predictors, and
radiotherapy (P = .008) was the only good predictor. Mul-
tivariate analysis showed thrombocytopenia (P = .011) and
radiotherapy (P = .026) were significant. AITL cases had 2
predictors of poor survival, ie, thrombocytopenia (P = .037)
and high Ki-67 value (P =.019). We did not find any predic-
tor for PTCL-NOS cases.

Discussion

PTNKL belongs to a disease group of high heterogene-
ity, and shows significant geographic variations in subtype
distribution. A recent international collaborative study of
1,153 cases of PTNKLs from 22 centers worldwide! fur-
ther validated the geographic variation seen in the various

© American Society for Clinical Pathology
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IFigure 10 Survival analysis of 142 Northern Chinese patients with peripheral T/natural killer (NK)—cell lymphomas (PTNKLs).

A and C, Overall and failure-free survival of all 142 Northern Chinese patients with PTNKLs. B and D, Overall (P = .383) and
failure-free survival (P = .962) according to 3 major subtypes of PTNKLs. (AITL, angioimmunoblastic T-cell lymphoma; eNK/T,
extranodal NK/T cell lymphoma, nasal type; PTCL-NOS, peripheral T-cell ymphoma, not otherwise specified.)

subtypes of PTNKLs. Their data showed that PTCL-NOS
was the most common subtype in North America and
Europe (34.4% and 34.3% each), whereas eNK/T was com-
mon (22.4%) in Asia. PTNKLs accounted for 21.9% of
non-Hodgkin lymphomas in the present series, with eNK/T
(38.0%), AITL (16.9%), and PTCL-NOS (16.2%) being the
3 most prevalent subtypes. Our data displayed a much simi-
lar set to that from Hong Kong,* in which eNK/T reached
the highest frequency, exceeding one third of cases. Thus,
the high exposure or genetic susceptibility to environmental
agents should be considered as a potential contributor to the
selective development of PTNKLs.

© American Society for Clinical Pathology

As a ubiquitous human herpesvirus worldwide, EBV is
found to be associated with a broad spectrum of T- and NK-
cell lymphomas.!>'* EBV-associated PTNKLs, especially
those that are most directly implicated, were seen signifi-
cantly more frequently in our series and in other studies from
Asian countries compared with western countries. This epi-
demiologic feature of strong geographic variations and racial
predisposition has been ascribed to a genetic-based impaired
immune response mechanism against EBV.

Transcription factors are important proteins that have
crucial influences on differentiation and effective function
of cells of the immune system. Changes in levels of their
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IFigure 20 Overall survival of 142 Northern Chinese patients with peripheral T/natural killer (NK)—cell lymphomas correlated to
A, thrombocytopenia (P < .001); B, serum lactate dehydrogenase (LDH) level (P < .008); C, Ki-67 index (P = .019); and D, the

expressive level of T-bet (P = .031).

expression or activity result in diverse and manifold effects
on the whole transcriptome of cells, therefore they are of
special interests in physiologic and pathologic processes,
particularly in tumor development and progression. As
transcription factors, 7-bet cooperates functionally with its
family member EOMES or ETS family members (ETS-1
and MEF), and positively regulates the development and
cytotoxic function of NK cells and T lymphocytes.'>22
In our previous studies, by using IHC and ISH we dem-
onstrated that these factors were expressed predominantly
in eNK/T and PTCL.%? In the current study, we further
analyzed the expression of 7-bet and ETS-1 with IHC in the
heterogeneous large group of PTNKLs to investigate their
expression status, role, and clinical relevance. The results

444 AmJ Clin Pathol 2012;138:435-447
DOI: 10.1309/AJCPWKJ3GPFRT7GA

showed that the 2 markers were expressed more frequently
in eNK/T than in other subtypes of PTNKLs.

CLA is a receptor for T and NK cells homing to the
skin.?*?5 Expression of CLA was reported in various types
of epidermotropic T-cell lymphomas, including MF, ATLL,
C-ALCL, nodal ALCL with secondary cutaneous involve-
ment, some nodal non-nasal NK-cell lymphomas, and eNK/
T.26-28 The value of CLA as a predictor for prognosis is con-
troversial. Yoshino et al?® reported that CLA positivity was
associated with a poor outcome of eNK/T regardless of the
primary site or clinical staging. Chang et al,”® however, did
not find any statistical significance between CLA expression
and tumor spreading. Our result showed that besides eNK/T,
MF, and C-ALCL, CLA was observed in some other cases of
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PTCL-NOS, AITL, and ALCL and was associated with skin
disease. In addition, the statistical analysis showed that CLA
was a predictor for good outcome in univariate (P = .018) but
not in multivariate analysis.

PTNKLs are a heterogeneous group of neoplasms pre-
senting as advanced disease and characterized by widespread
dissemination, aggressive behavior, and a poor outcome,
with the 5-year OS rate ranging from 10.2% to 62.0%.%° In
this study, the 5-year OS was 42.5% for the whole group of
PTNKL, 56.1% for eNK/T, 37.3% for AITL, and 21.6% for
PTCL-NOS. Compared with a multinational study' that found
follow-up 5-year OS rates of 42% for eNK/T, 32% for AITL,
and 32% for PTCL-NOS, we found a variation in the prog-
nosis of these subtypes—a much better outcome for eNK/T
and a worse result for PTCL-NOS in our series than in the
multinational study. Further investigation is needed for the
association of the survival status of various subtypes with the
factors of geography and race.

© American Society for Clinical Pathology
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BFigure 30 Overall survival based on T-bet staining of 20%

or more. A, Extranodal NK/T cell lymphoma, nasal type (P =
.875). B, Angioimmunoblastic T-cell ymphoma (P = .202). C,
Peripheral T-cell lymphoma, not otherwise specified (P = .372).

To date, the prognosis for PTNKL relies heavily on the
clinical factors, ie, IPI, stage, and modes of therapy used,
whereas the prognostic significance of the pathologic factors
is controversial. The standard IPI is helpful in prognosti-
cating some subtypes or cases of PTNKL, but not helpful
in others.>7-2%-32 There is a growing desire and demand to
identify more objective and reliable prognostic factors, espe-
cially molecular markers. In this study, thrombocytopenia,
elevated LDH, and high Ki-67 index were reconfirmed to
be independent prognostic factors, indicating their positive
role in evaluating the clinical outcome of PTNKL. In addi-
tion, our research also suggested a role for T-bet staining
in clinical prediction, because a significant correlation was
observed with good outcome in multivariate analysis (P =
.031) when more than 20% of tumor cells expressed this
marker. However, a similar effect was not observed in any
individual subtype even in eNK/T. The reason for the posi-
tive effect of T-bet on predicting all PTNKLs and its role in

Am J Clin Pathol 2012;138:435-447 445
DOI: 10.1309/AJCPWKJ3GPFRT7GA

202 Iudy 0z uo }sanb Aq 29699/ 1/SE1/€/8€ L /o101 e/dole/wod dno olwapese//:sdjy woy papeojumoq



Ren et al / CLiNnicoBioLoGic FEATURES AND ProGNosis oF PTNKL

H 1.0

E 1.0

0.8 0.8
E E ETS-1 of negative staining
'S 0.6 'S 0.6
@ @
= ETS-1 of negative stainin =
S 0.4- g g £ 0.4-
> >
(o) (o)
0.2- ETS-1 of positive staining 0.2 ETS-1 of positive staining
0.0 0.0
T T T T T T T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108120132144 0 12 24 36 48 60 72 84 96
Time (mo) Time (mo)
E 1.0 H 1.04 +
0.8 0.8
_ ETS-1 of positive staining
] ETS-1 of negative staining ] + +
> 2
S 0.6 g 0.6
g 5
@ @
I T
£ 04- 5 041
4 >
e o
.y .. _2_
0.2 ETS-1 of positive staining Y ETS-1 of negative staining
0.0 0.0
) T T T T T T T

T
0 12 24 36 48 60 72 84 96 10812013214

Time (mo)

0 12 24 36 48 60 72

Time (mo)

IFigure 40 Overall survival by positive staining for ETS-1. A, All 142 Peripheral T/natural killer (NK) cell ymphomas (P = .283). B,
Extranodal NK/T cell lymphoma, nasal type (P = .540). C, Angioimmunoblastic T-cell lymphoma (P =.061). D, Peripheral T cell

lymphoma, not otherwise specified (P =.713).

an individual subset, especially in eNK/T, need to be inves-
tigated. In addition, because of the predominant expression
of T-bet in eNK/T, future research needs to focus on the
downstream signaling triggered by T-bet.

In conclusion, our data showed that the commonest sub-
type of PTNKLs in northern China was eNK/T, which consti-
tuted more than one third of all PTNKLs, followed by AILT
and PTCL-NOS. Among the 4 predictors, ie, thrombocytope-
nia, elevated LDH, high Ki-67 index, and T-bet staining of
more than 20%, only T-bet staining had good prognostic value
for PTNKLs. The significance of this last finding is worth
confirming in a future study.
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