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Abstract Nodal peripheral T-cell lymphomas are not well
understood, and most of them are classified in the “not
otherwise specified group” (PTCL-NOS). Data on their
normal cellular derivation are ambiguous. Most peripheral
T-cell lymphomas are composed of tumor cells and a
(sometimes dominant) reactive background, which also
includes resting and activated T-lymphocytes. We defined
the phenotype of the tumor cells in 101 PTCL-NOS based
on their cytological atypia and using immunohistochemi-
cal double stains on paraffin sections with CD4/Ki67 and
CD8/Ki67. The results were correlated to clinical pre-
sentation and outcome. Lineage could be defined in 98
cases (97%). Tumor cells were CD4+ in 43 cases and
CD8+ in 38. These presented at a younger age but a higher
clinical stage compared with the CD4+ lymphomas. In 15
cases, the atypical cells were CD4�CD8�; two cases were
CD4+CD8+. Of 17 lymphoepithelioid (Lennert’s) lym-
phomas, 15 expressed CD8, one each was CD4+ and
CD4�CD8�.
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Introduction

Peripheral T-cell lymphomas (PTCL) comprise a hetero-
geneous group, and their classification is still debated.
While the working formulation [1]—classifying malig-
nant lymphomas on the basis of hematoxylin and eosin
(H&E) sections alone—did not recognize PTCL as a
separate group, the Kiel classification [44]—listing enti-
ties corresponding to a proposed normal counterpart
[46]—distinguished PTCL from the more common B-cell
lymphomas and defined various morphological subtypes.
Despite their sound conceptual background, these cate-
gories were poorly reproducible [13, 18] and only vaguely
correlated with clinical presentation and outcome [9, 38,
43]. While the Kiel classification comprises nodal lym-
phomas only, the extranodal PTCL could not be satis-
factorily diagnosed in this scheme.

In the Revised European–American Classification of
Lymphoid Neoplasms (REAL) [16] and World Health
Organization (WHO) [21] classifications of malignant
lymphoma, clinicopathological entities are defined by their
morphological, immunophenotypical, genetic, and clini-
cal characteristics. Applying these principles, the clinical
presentation is an important feature and defines most ex-
tranodal PTCL [24, 38]. Among nodal PTCL, anaplastic
large cell lymphoma and angioimmunoblastic T-cell lym-
phoma represent disease entities that are fairly frequent in
the Western population. Other PTCL categories show
considerable overlap in both their pathological and clini-
cal characteristics [38]. These form the—admittedly het-
erogeneous—category of “not otherwise specified” PTCL
(PTCL-NOS) [16], a category that comprises several
morphological variants that correspond to entities defined
in the Kiel classification: a medium-sized cell, a mixed
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medium and large cell, and a large cell variant as well as
T-zone and lymphoepithelioid (Lennert’s) lymphoma
(LeL). The international non-Hodgkin’s lymphoma clas-
sification project [2, 38] proved that PTCL can be reliably
diagnosed according to the REAL classification. Variants
of PTCL-NOS were not clinically distinguishable and are
all equally characterized by a poor prognosis when using
currently available therapy.

Lacking reproducible criteria to subclassify PTCL-
NOS morphologically, tumor cell immunophenotype has
been suggested to be a good basis for their classification.
This approach seems particularly tempting because pe-
ripheral post-thymic T-cells, with few exceptions [14],
exclusively express the lineage-specific molecules CD4
or CD8. Functional subsets comprise helper and cytotoxic
T-cells, as well as T/NK-cells. While subsets of helper
T-cell lymphomas (TH1 and TH2) cannot be defined in
paraffin sections, cytotoxic granules and CD56 are easily
detectable. However, phenotypical data on nodal PTCL
are heterogeneous, regarding both tumor cell lineage and
expression of cytotoxic granules [5, 7, 9, 30, 32, 33, 35,
39].

This heterogeneity might result from technical prob-
lems because, in addition to the neoplastic cells, PTCL
also comprises varying numbers of reactive T-lympho-
cytes [16, 22, 27, 42]. Since most of these studies were
performed, methods have become available to assess the
morphology in immunostained slides and to double stain
cells on paraffin sections. Applying these, we tried to
define the phenotype of tumor cells in 101 PTCL-NOS
and to correlate it to clinical presentation and follow-up.

Materials and methods

Altogether, we analyzed 101 cases of PTCL-NOS, including 18
LeLs. All cases were stained with H&E, Giemsa, periodic acid-
Schiff, and silver impregnation (G�m�ri) to assess morphology.
Diagnoses were made according to the WHO classification [21].
Cases were included in this study as variants of PTCL-NOS after
better-defined entities of PTCL had been ruled out. Cases with
prominent CD30 expression and sinus infiltration in particular were
diagnosed as anaplastic large cell lymphoma and excluded from the
study. Angioimmunoblastic T-cell lymphomas were identified by
their prominent proliferation of follicular dendritic cell networks
and published separately [27].

Routine immunohistochemical stains were performed using
mouse monoclonal antibodies against CD3, CD5, CD4, CD8, TIA-
1, granzyme B, CD56, CD57, CD20, CD21, Ki-67, CD30, and
latent membrane protein (LMP). T-cell receptor g gene rearrange-
ment [48] was studied if necessary to confirm the diagnosis.

Immunohistochemical double stains were performed for CD4/
Ki67 and CD8/Ki67 to assess the proliferation of these subpopu-
lations individually. For double stains, antibodies against CD4 or
CD8 and Ki-67 were applied in consecutive steps and visualized
with AEC (Zymed, Berlin, Germany) and Fast Blue (Zymed,
Berlin, Germany), respectively. Prior to the application of the
second antibody, free binding sites were blocked with Fab fragment
goat anti-mouse IgG.

Tumor cell lineage was defined by assessing the staining of
atypical T-cells in conventional stains and the proliferation rate in
the double stains. Proliferation was assessed independently for the
CD4+ and CD8+ population, counting Ki67 staining in 200 cells
that stained positively for the respective antibody. In histiocyte-rich

cases, morphology and staining intensity for CD4 were used as
criteria to distinguish T-cells from histiocytes. Nuclear atypia was
evaluated in additional single stains for CD4 and CD8. Tumors
were regarded as positive for a particular antibody if more than
30% of morphologically identifiable tumor cells were clearly
stained, regardless of their proliferation rate.

Clinical data could be obtained retrospectively for 66 patients
from patient records. Estimates of overall survival distribution and
failure-free survival were calculated using the method of Kaplan
and Meier [23]; time-to-event distributions were compared using
the log-rank test. The individual items for histological features,
immunological, and clinical parameters, including international
prognostic index (IPI) [40], were estimated in correlation with the
other items and clinical outcome using c2 tests or t-tests as ap-
propriate. Statistical significance was assumed if P<0.05.

Results

Our study included 101 patients with PTCL-NOS diag-
nosed from lymph-node biopsies. The majority of these
lymphomas consisted of a mixed medium-sized and large
cell population (56 cases), while predominantly medium-
sized or large tumor cells occurred in 10 and 17 cases,
respectively. LeL was diagnosed in 18 cases according to
the WHO classification when clusters of epithelioid his-
tiocytes were prominent in the infiltrate.

While most of the tumors infiltrated into the perinodal
fat (43%) or infiltrated the lymph-node capsule (19%),
38% were confined to the lymph-node. In 32% of our
cases, the lymph-node tissue was only partially effaced,
and areas of pre-existing lymphatic tissue were still
present. Within the infiltrated areas, remnant regressive
networks of follicular dendritic cells, partially infiltrated
by the tumor, were identified in 32% of the cases. The
lymph-node sinuses were partially or completely obliter-
ated by tumor cells in 52% of cases. Cytologically, the
tumor cell nuclei were mildly (54%), moderately (32%),
or markedly (14%) atypical. Clear cells were prominent in
43% of all cases and detectable in another 27% (Fig. 1).

Accompanying reactive changes comprised various
degrees of eosinophilia, plasmacytosis, and blood vessel
proliferation encountered in 44%, 51%, and 79% of our
cases, respectively. Epithelioid cells formed granulomas
that were infiltrated by tumor cells in the 18 cases of LeL.
Histiocytes were prominent in 20 additional cases, but did
not form granulomas and were not epithelioid. Tumors
were partially necrotic in 14 of 101 cases, and necrosis
was extensive in an additional 9 tumors. In 3 of these 23
cases, these necroses were accentuated in lymph-node
sinuses.

Fig. 1 Morphological variability of peripheral T-cell lymphomas
“not otherwise specified.” A Spread: lymphoma confined to the
lymph node (left), infiltrating the capsule (middle) or perinodal fat
(right). B Remnant reactive uninvolved areas. C Remnant follicles
in the infiltrated areas (CD3 and CD21). D Mild (left), moderate
(middle), and severe (right) cellular atypia
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Immunophenotypes

Our PTCL were positive for CD3 in almost all cases
(93%), but only 78% and 13% expressed CD5 and CD7,
respectively. Altogether, 29% of all cases exhibited an
antigen loss, i.e., were negative for CD3, CD5, or both
lineage markers (CD4 and CD8). Only three cases were
negative for both CD3 and CD5, and two of these ex-
pressed CD56. Immunophenotypes are detailed in Ta-
ble 1.

Based on nuclear atypia and proliferation of T-cell
subsets, lineage could be defined in 98 cases (97%): tu-
mor cells were CD4+ in 43 cases and CD8+ in 38 cases
(Fig. 2). In 15 cases, the atypical cells were negative for
both antigenes, and these were considered to be double
negative (DN). Two cases expressing both CD4 and CD8

on the tumor cells (double positive, DP) showed the
morphology of PTCL-NOS and were negative for both
TdT and CD99.

Correlating tumor cell lineage to the results of the
double stains (that could both be evaluated in 69 cases),
the proliferation index of the neoplastic subpopulation
exceeded that of the reactive one (P<0.01, Fig. 3) in all
but 14 cases (11 CD4+ and 3 CD8+). In these latter cases,
the nuclear atypia was clear cut, and tumor cell lineage
definition was based on this.

Concerning the background infiltrate, histiocytes and/
or epithelioid cells occurred more frequently in CD8+

than in CD4+ lymphomas (P<0.001). This association
remained significant (P=0.004) after excluding the LeL,
which, by definition, contain epithelioid cell granulomas.
Among the CD4+ lymphomas, epithelioid cell clusters

Table 1 Immunophenotypes of
peripheral T-cell lymphomas
“not otherwise specified”
(PTCL-NOS) and comparison
of Lennert’s lymphoma to all
other cases. DN double negative
(CD4� CD8�), DP double pos-
itive (CD4+ CD8+), ctx TIA1+

or GrB+

All PTCL-NOS Lennert’s
lymphoma

PTCL-NOS
(excluding Lennert’s lymphoma)

P value

(n=101) (n=18) (n=83)

% % %

CD3 93% 100% 92% 0.21
CD5 78% 94% 75% 0.07
CD2 47% 56% 45% 0.41
CD4 44% 6% 54% 0.00
CD8 41% 88% 30%
DN 14% 6% 15%
DP 1% 0% 1%
TIA 36% 53% 32% 0.11
GrB 20% 35% 17% 0.10
ctx 40% 64% 35% 0.03
CD56 3% 0% 4% 0.37
CD57 11% 27% 7% 0.01
CD30* 18% 12% 19% 0.48

* CD30 expression was weak and limited to individual cells in cases regarded as positive; anaplastic
large cell lymphoma was excluded

Fig. 2 Definition of tumor cell
lineage in a CD8+ peripheral T-
cell lymphomas “not otherwise
specified”: CD3� (upper left),
CD5+ (upper right). Ki67 (red)
labels CD8+ cells (blue, lower
right), but not CD4+ cells (blue,
lower left)
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were seen more often in those that coexpressed cytotoxic
molecules than in others (P<0.001).

Cytotoxic molecules (either TIA1, granzyme B or
both) were detected in 38 cases (38%) altogether. Their
expression was strongly correlated with lineage (P<0.01):
while 26 of 38 (68%) of the CD8+ tumors were cytotoxic,
only 7 of 43 (16%) CD4+ lymphomas expressed cytotoxic
granules. Additionally, 4 of 15 DN tumors and 1 of the 2
DP lymphomas expressed cytotoxic granules. As a group,
cytotoxic lymphomas lacked CD5 more frequently (37%)
than non-cytotoxic lymphomas (14%; P=0.03).

Compared with other patients, those with cytotoxic
lymphoma presented at younger age (57 years versus
65 years; P=0.024) but more often at an advanced stage

(stage 3/4: 85% versus 56%; P=0.034). However, their IPI
scores and outcomes were similar to non-cytotoxic lym-
phoma.

CD30, an activation marker in T-cells, was detected in
18% of our cases in individual tumor cells. It was more
frequently detected in tumors composed of large atypical
cells; however, its expression was often weak and in-
consistent among tumor cells in contrast to the strong
membrane staining observed in anaplastic large cell
lymphoma, LMP-positive B-cells were detected in the
background of three cases.

Of the 101 nodal PTCL, 4 expressed CD56 (Table 2).
None of them was associated with Epstein–Barr virus by
LMP stain or by Epstein–Barr encoded RNA in situ hy-
bridization. This group included two of the three
CD3�CD5� cases. In two cases, T-cell receptor (TCR)g
was clonally rearranged. In the other cases, the DNA
quality did not allow the respective investigation. Three
of these patients presented in their 80s, but one patient
was only 21 years old. Follow-up was available for three
of these patients. They had clinical stage 3, and no sites of
extranodal involvement were detected; however, there
was marked blood leukocytosis in two patients. The
young patient died from the disease within 8 days of di-
agnosis, but the two elderly patients were alive after
5 months and 23 months, respectively.

Variants

The subdivision of our cases, according to their cell size,
did not reveal any significant differences between the
respective groups with regard to immunophenotype. By
definition, tumor cell atypia was more pronounced in
larger cell tumors.

Fig. 3 Mean proliferation and 95% confidence interval for tumors
with lineage defined as CD4 or CD8

Table 2 Detailed characteris-
tics of CD56-positive nodal
lymphoma. + positive, � nega-
tive, CR complete remission,
FFD free from disease, DOD
death of disease, CHOP cyclo-
phosphamide, hydroxydauno-
mycin, vincristine (= Oncovin),
predisone (regimen), OAS
overall survival, EBER Epstein–
Barr encoded RNA, FFTF
freedom from treatment failure,
LMP latent membrane protein

Case 1 Case 2 Case 3 Case 4

CD2 + � + +
CD3 � � + +
CD5 � � + +
CD7 � � � �
CD4 � + � �
CD8 � � � +
CD30 � � + �
CD57 � + � �
LMP1 � � � �
EBER � � � �
TIA1 + + + �
Granzyme B � + + �
TCRg rearrangement Not done mc mc Not done
Age (years) 21 76 76 74
Sex Male Female Male Female
Stage 3 3 3
Extranodal involvement None None None
Performance status Non-ambulatory Ambulatory Non-ambulatory
B-symptoms Yes None None
Blood lymphocytes 16,000 6800 11,500
Lactic dehydrogenase (U/l) 758 234 588
Therapy CHOP CHOP
Remission CR None
FFTF (days) 382 (relapse) 151 (FFD)
OAS (days) 8 (DOD) 690 (alive) 151 (alive)
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Among the morphological variants, LeL exhibited a
distinct phenotype; 15 cases (88%) were derived from
CD8+ cells. One case each was CD4+ and DN, and, in the
remaining case, lineage could not be defined due to poor
preservation of the material. In the CD8+ LeL, CD4+ cells
often predominated in the infiltrate (Fig. 4), which was
composed of epithelioid histiocytes, small and activated
T-cells. Morphologically, these T-cells did not exhibit
nuclear atypia or atypical mitoses, features that were
confined to the CD8+ population. Therefore, the pheno-
type of LeL significantly differed from other PTCL-NOS
(P<0.001) that were CD4+ in 51%, CD8+ in 28%, DN in
17%, and DP in 2% of the cases (Table 1). Cytotoxic
molecules were detected in 11 of 18 LeL cases (61%),
including the CD4+ LeL, compared with 43% in the other
group (P=0.03). LeL also contained significantly fewer
plasma cells than the other PTCL-NOS. The clinical
presentation, however, was not significantly different for
LeL versus other PTCL-NOS.

Clinicopathological correlations

Detailed clinical data were available for 66 patients (Ta-
ble 3) who were mostly elderly and presented at a high
clinical stage but ambulatory performance status. Most
reached remission after therapy, but the long-term out-
come was poor (Fig. 5).

Treatment was variable: while 51 patients received an
intense treatment, 15 patients were treated with less in-
tense regimens. Intensely treated patients achieved higher
remission rates (P<0.01) than others (81% versus 41%
complete or partial remission; P<0.01), resulting in a
significantly better overall survival (OAS) (P=0.013), but
not freedom from treatment failure (FFTF).

As detailed in Table 4, survival could be predicted by
patient characteristics and response to therapy, but indi-

Fig. 4 Lennert’s lymphoma. Hematoxylin and eosin (top), CD4�
(bottom left), CD8+ (bottom right)

Fig. 5 Overall survival and
freedom from treatment failure
in 66 patients with available
follow-up

339



vidual morphological or immunophenotypical parameters
failed to predict survival. Compared with other CD8+

PTCL, patients with CD8+ LeL (CD8+ cases only) showed
a significantly better FFTF (P=0.027) but not OAS.

Discussion

We studied 101 cases of nodal PTCL-NOS with special
regard to the immunophenotype of the tumor cells. Nodal
PTCL-NOS were derived from CD8+ or cytotoxic cells in

38% of our cases. Although we used a meticulous ap-
proach to define tumor cell phenotype, it did not distin-
guish clinically different groups. The clinical presentation
is, rather, correlated to the expression of cytotoxic gran-
ules than to derivation from CD4+ or CD8+ cells. Patients’
outcome can be predicted using a morphological grading
of PTCL-NOS. LeL is mainly derived from CD8+ cyto-
toxic cells and has a better survival than other CD8+

lymphomas.

Lineage of PTCL

The definition of the functional phenotype of the tumor
cells of the 101 PTCL-NOS was a major goal of our
study. Although some cases with large cell morphology
are composed of an almost pure proliferation of tumor
cells, most PTCL-NOS—in contrast to B-cell lym-
phomas—comprise a heterogeneous cellular population
[16, 22, 42]. Apart from the tumor cells, there were
abundant histiocytes, eosinophils, plasma cells, B-lym-
phocytes, and reactive T-lymphocytes. These reactive T-
cells greatly complicate the study of PTCL. The mixed
composition, comprising both neoplastic and reactive T-
cells in varying proportions, may cause a lack of identi-
fiable clonal TCR gene rearrangements in some cases of
PTCL [50]. Reactive cells may exhibit a mild degree of
nuclear atypia and, analogous to T-cell-rich B-cell lym-
phomas, may form the majority of the infiltrate in PTCL-
NOS [37]. However, the neoplastic cells in PTCL cannot
yet be specifically stained on histological sections and
distinguished from infiltrating reactive T-cells. Therefore,
studies attempting to define tumor cell lineage had to
make various assumptions.

Some studies [12, 31, 47, 50] determined the prolif-
eration fraction in immunohistochemical double stains
and assumed the proliferating fraction to be neoplastic.
However, proliferation alone is insufficient to define tu-
mor cells, and the authors themselves found it difficult to
associate their signals to morphology in frozen sections
[50]. In such material, proliferating cells with their Ki67+

nuclei may be completely surrounded by CD4+ cells; this
may easily give the impression that the Ki67+ nuclei are

Table 4 P-values for the pre-
diction of survival by different
variables. (N1 and N2 are the
numbers of patients in the re-
spective groups). DN double
negative, CR complete remis-
sion, PR partial remission,
FFTF freedom from treatment
failure, OAS overall survival,
PD progressive disease

N1 versus N2 N1 N2 OAS FFTF

Diagnosis 55 11 0.489 0.135
Lineage CD4 versus DN 29 10 0.289 0.048*

CD8 versus DN 25 10 0.482 0.172
CD4 versus CD8 29 25 0.617 0.445

Phenotype ctx versus non-ctx 34 31 0.480 0.750
Age <60 years versus >60 years 31 35 0.006* 0.036*
Stage 1/2 versus 3/4 18 42 0.010* 0.076
Performance Ambulatory versus non-ambulatory 45 14 0.005* 0.123
Lactic dehydrogenase Normal versus elevated 19 29 0.021* 0.053
International prognostic
index groups

1/2 versus 3/4 28 14 0.001* 0.027*

Therapy Intensive versus non-intensive 51 6 0.021* 0.179
Remission CR versus PR/PD 29 31 0.002* 0.100

CR/PR versus PD 44 16 0.001* 0.010*

* Differences are statistically significant

Table 3 Detailed clinical characteristics of our patients. Numbers
in parentheses indicate number of patients with available infor-
mation. CHOP cyclophosphamide, hydroxydaunomycin, vincris-
tine (= Oncovin), predisone (regimen), FFTF freedom from treat-
ment failure, OAS overall survival

Median age (98) 62.5 years
Age range (98) 21–89 years
Male-to-female ratio (98) 1.04
Stage (60)

I 15%
II 15%
III 40%
IV 30%

B symptoms (61) 51%
Elevated serum lactic dehydrogenase (53) 60%
Non-ambulatory performance status (59) 24%
International prognostic index scores (42)

0–1 38%
2 29%
3 26%
4–5 7%

Presentation
Nodal only 91%
Nodal + extranodal 9%

Primary treatment (66)
High dose + stem cell transplant 14%
CHOP 56%
Other antharcyclin-containing therapy 8%
Other 22%

Treatment result (60)
Complete remission 48%
Partial remission 25%
No response/progressive disease 27%

Survival
FFTF (median) 10 months
OAS (median) 20 months
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located within CD4+ cells. In LeL, atypical CD8+ cells
were often situated within granulomas that were mainly
composed of such CD4+ epithelioid cells.

In other studies, the proportion of T-cell subpopula-
tions was compared, and the predominant population was
regarded as neoplastic [9, 45]. However, the numbers of
CD4+ and CD8+ T-lymphocytes in the infiltrate were
often similar [26], and tumor lineage remained undeter-
mined in 36% of 174 PTCL [32]. In a flow cytometry
study, 6 of 31 PTCL did not show any subtype predom-
inance [28]. Conceptually, a mere majority of a cell
population in an infiltrate does not prove its clonality. For
example, tumor cells are in the minority in Hodgkin’s
lymphoma, and predominant subpopulations may occur in
reactive lesions.

To better distinguish the neoplastic from reactive T-
cells, we assumed that tumor cells could be characterized
morphologically by atypical mitoses, nuclear atypia, and
proliferation. These features can all be assessed in
immunostained paraffin sections. To correlate the im-
munophenotype to morphology, we analyzed double
stains for Ki67 and CD4 or CD8, respectively. Although it
cannot be ruled out with certainty that two phenotypically
different neoplastic populations existed in those 14 cases
that showed a higher proliferation in the non-atypical
versus atypical cells, proliferation may be considerable in
reactive T-cell populations as in infectious mononucleo-
sis. Therefore, we considered clear-cut atypia as definitive
proof of malignancy regardless of the proliferation.

This approach allowed us to define tumor cell lineage
in 98 of 101 cases (97%). The tumor cells were CD4+ in
43 cases, CD8+ in 38 cases, DN in 15 cases, and DP in 2
cases. None of these phenotypes are actually new to the
literature, but the proportion of CD8+ tumors in our study
is considerably higher than in previous ones [5, 7, 9, 30,
32, 33, 35, 39] that showed CD8+ tumors in 4–18% only.
Apart from the far possibility of a selection bias that we
cannot rule out with certainty, these discrepancies most
likely result from different approaches to define the tumor
cells, as discussed previously. These results suggested
that a reliable identification of tumor cells in PTCL-NOS
is a prerequisite to classify PTCL successfully.

Lennert’s lymphoma

LeL, with its typical prominent epithelioid cell reaction,
was derived from CD8+ cytotoxic T-cells in 15 of 18
cases. In the two remaining evaluable cases, one was
CD4+, and one was DN.

In contrast to our results of CD8+ tumor cells in LeL,
in the original description [12], the tumor cells in four
cases investigated with double stains on frozen sections
were CD3+CD4+CD8�. In the early 1990s, CD4+ cells
were regarded as the predominant cell type in most LeL
[31, 32, 47], but intermingled CD8+ cells were reported.
Proliferation seemed to be confined to the CD4+ popu-
lation, but the authors suggested that CD4+ histiocytes
may have distorted this result. While the percentage of

CD4+Ki67+ cells was well correlated to clonal TCRb
gene rearrangements in both angioimmunoblastic lym-
phoma (AILT) and T-zone lymphoma, no such correla-
tion could be established in LeL [47], probably because
the clonal TCRb rearrangement was correlated to the
CD4+ population, which should be regarded as reactive.

In our LeL, we also found a quantitative predominance
of CD4+ cells. However, using cytological criteria that
were difficult to assess in frozen sections, the CD8+ cells,
although comprising a minor population, were atypical
(Fig. 4), and we, therefore, regarded them as neoplastic.
Recently, Kagami et al. investigated paraffin sections and
found six of eight nodal cytotoxic PTCL to be LeLs [22].
Subsequently, they could show that five of ten LeLs were
CD8+, and TIA1 and/or granzyme B were expressed in
seven of ten cases [51]. Adding our cases to these, evi-
dence is accumulating that, based on the investigation of
paraffin sections, LeL is possibly derived from a CD8+

cytotoxic T-cell.
CD8+ LeL also showed a significantly better OAS than

other CD8+ PTCL-NOS in our study. Together with the
established morphological criteria, CD8 expression and
cytotoxic phenotype may well allow us to delineate LeL
more precisely.

Other phenotypes

Having identified the tumor cells, it was possible to define
the expression of other antigens on the tumor cells (Ta-
ble 1). Cytotoxic granules (TIA1 or granzyme B) were
expressed in 9 of 42 CD4+ tumors and in 32 of 38 CD8+

tumors. Excluding LeL, 31% of the remaining PTCL-
NOS were still derived from CD8+ T-cells, and 30% of
these expressed cytotoxic markers. This cytotoxic phe-
notype is well established for primary extranodal lym-
phomas; anaplastic large cell lymphomas also contain
such granules, but they are derived from CD4+ cells [4,
6]. The coexpression of CD4 and cytotoxic granules has
been described in nodal PTCL-NOS, but has been thought
to be rare [6, 10, 11, 50].

In addition to these major observations, some of our
cases exhibited phenotypes that presently cannot be in-
cluded easily in our understanding of malignant lym-
phoma mirroring normal T-cell development.

Four cases strongly expressed CD56. While most
published CD56+ lymphomas presented at extranodal
sites, a few cases without extranodal involvement have
been described [6, 7, 25, 34]. Extranodal sites were not
involved in our cases; however, white blood cell counts in
two patients suggested circulating tumor cells. Being
confined to the lymph nodes, these tumors are distinct
from CD4+CD56+ plasmacytoid dendritic cell precursor
leukemia [8, 36].

Two other cases in our series of PTCL-NOS were
positive for both CD4 and CD8. Six similar cases were
described by Yamashita et al. [50]. Both morphologically
and phenotypically, they represent a very rare and pecu-
liar phenotype of PTCL-NOS.
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Loss of any pan-T-cell antigen (CD3, CD5, CD4/8)
has been proposed as a major criterion for the immuno-
histochemical diagnosis of PTCL [35], and it frequently
concerns CD5 and CD7 [26]. In our series, CD7 was
negative in 87% of cases, and at least one of the other
pan-T-cell antigens was negative in 29% of our cases,
similar to 31% in Chott’s series [9].

Clinicopathological correlations

The clinical presentation and outcome of our patients was
similar to other published studies [9, 38, 49], after 3 years,
approximately 30% of the patients were still alive
(Fig. 5). In prospective studies, survival reached a plateau
at 43% after 3 years [41], and 41% of the patients, treated
with an intensive regimen, were alive after 5 years [15].
The poorer outcome in our cohort was probably caused by
the heterogeneous treatment, because patients receiving
either CHOP [cyclophosphamide, hydroxydaunomycin,
vincristine (= Oncovin), predisone (regimen)] or a high-
dose regimen with autologous stem cell transplant had a
significantly better survival rate than those treated with a
less intense regimen. In contrast, in our series of AILT,
there was no correlation between primary therapy and
survival [27]. These differences between PTCL-NOS and
AILT are in concordance with the philosophy of the
WHO to define prognostic factors within entities [17, 19,
20].

Outcome in patients with aggressive lymphomas can
be predicted by clinical characteristics combined with IPI
score [40]. This is also applicable to PTCL as a group [3,
29, 38] and to our cohort. However, the IPI score does not
include tumor biology and is probably not very specific
for malignant lymphoma.

We, therefore, correlated the phenotypes of our tumors
with clinical presentation and outcome. Interestingly, tu-
mors derived from helper and suppressor cells showed
virtually identical clinical characteristics, as did the DN
cases. LeL, in contrast, had a survival superior to other
CD8+ lymphomas. The expression of cytotoxic markers
was correlated with clinical presentation but not with
outcome. Patients with cytotoxic lymphomas presented at
younger age but with more advanced stages.

PTCL-NOS form a heterogeneous group of diseases,
exhibiting a wide range of morphology and differentiating
along both helper and suppressor lines. LeL is almost
homogeneously CD8+, and its survival is different from
other CD8+ PTCL-NOS. Immunophenotypical charac-
teristics of the tumor cells cannot distinguish clinically
relevant groups with available therapy, but for future
studies, it will be crucial to reliably distinguish the tumor
cells in PTCL-NOS from reactive T-lymphocytes.
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