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ABSTRACT

Background and Objectives. The REAL/WHO classi-
fication constitutes a new tool for the better under-
standing and treatment of malignant lymphomas.
The authors focus on the key features of aggressive
B- and T-cell lymphomas, aiming to contribute to the
cross-talk between pathologists and clinicians.

Data sources and methods. Each lymphoma entity is
analyzed on the basis of the most representative
contributions in the literature and the authors’ expe-
rience gained in studying more than 20,000 lym-
phoid tumors over a 20-year period.

Results. Guidelines for diagnosis and areas of inter-
est for future clinico-pathologic studies are identified
and discussed. Within this context, selected data
obtained by the application of novel markers are
presented.

Interpretation and Conclusions. The present know-
ledge and organization of malignant lymphomas now
make the development of tailored therapies a feasi-
ble goal.
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phoma has recently substituted high grade

malignant lymphoma, previously quoted in both
the Working Formulation (WF)! and Updated Kiel
Classification (UKC):23 it is currently applied to
lymphoid tumors characterized by survival mea-
surable in weeks or months if not treated.>¢ This
term was not adopted by the Revised European-
American Lymphoma (REAL) classification? for the
reasons already reported in Part | (see Clinical
categorization of malignant lymphomas paragraph).
Aggressive lymphomas may show nodal, extra-
nodal, systemic, or leukemic presentation, more

I n the clinical setting, the term aggressive lym-
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often associated with rapidly growing masses
and systemic symptoms. The main histologic
varieties of aggressive lymphoma are listed in
Table 1: they include neoplasms which are
derived either from precursors or peripheral ele-
ments and can indifferently consist of small or
large cells.

B- and T-cell precursor (lymphoblastic) lym-
phoma/leukemia

There is no chance of distinguishing between
B- and T-cell lymphoblastic lymphomas/
leukemias (LbL/Ls) by morphologic criteria
alone.* In fact, they both consist of small-medi-
um sized elements, which display a high
nuclear/cytoplasmic ratio, frequent irregular
nuclear profile, condensed chromatin, and
inconspicuous nucleoli (Figures 1a and 1b). The
tumoral growth is characterized by frequent
mitotic figures and apoptotic bodies, which
attract numerous macrophages (Figures 1a and
1b). The distinction between the two forms
does, however, become feasible on phenotypic
grounds: this distinction is of paramount
importance, since B- and T-cell tumors require
different therapeutic approaches.” In particu-
lar, immunohistochemistry, which can now be
easily performed in routine sections thanks to
the availability of new antigen retrieval tech-
niques,© allows the subclassification of LbL/Ls
into subtypes (pro-B, pre-B, B-mature, pre-T,
from cortical thymocytes, and from medullary
thymocytes) according to the combination of a
series of key-markers (i.e. CD34, TdT, BSAP,
CD79a, CD20, CD10, Clgy, Slg, CD1a, CD2,
CD3, CD4, CD5, and CD8) (Figures 1c-f).

The detection of cytogenetic and/or molecular
aberrations is prognostically relevant.412:19
Among tumors derived from B-cell precursors,
t(12;21) with the formation of the TEL-AML1
fusion gene, t(3;21) and a hyperdiploid pattern
between 51 and 65 represent favorable indica-
tors; 1(9;22), t(14;19), and a hypodiploid pat-
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Table 1. Aggressive lymphomas.

B-cell neoplasms

Precursor B-cell neoplasms
« Precursor B-lymphoblastic leukemia/lymphoma

Penpheral B-cell neoplasms
Mantle cell lymphoma
« Follicular lymphoma grade IIl
« Diffuse large B-cell ymphoma
« Burkitt's lymphoma/Burkitt cell leukemia

T-cell and putative NK-cell neoplasms

Precursor T-cell neoplasms
« Precursor T-lymphoblastic lymphoma/leukemia

Penpheral T- and NK-cell neoplasms
T-cell prolymphocytic leukemia
« Aggressive NK-cell leukemia
« Adult T-cell ymphoma/leukemia (HTLV-1+)
« Extranodal NK/T-cell ymphoma, nasal type
« Enteropathy-type T-cell lymphoma
« Hepatosplenic T-cell lymphoma
« Subcutaneous panniculitis-like T-cell lymphoma
« Peripheral T-cell lymphomas not otherwise specified (NOS)
« Angioimmunoblastic T-cell lymphoma
« Anaplastic large cell lymphoma, primary, systemic

tern herald a poor outcome; 6g-, 9p-, 12p-, and
a triploid, tetraploid or hyperdiploid (below 51)
pattern have an intermediate prognostic value.
About 30% of T-lymphoblastic lymphomas show
translocations, which on the one hand involve
a/d or B/y T-cell receptor (TCR) genes (at bands
14qg11 and 7g34, respectively) and on the other
partners encoding for transcription factors (e.g.
MYC, TAL1, RBTN1, RBTN2, and HOX11). In
25% of the cases, instead of a translocation there
is a microscopic deletion in the regulatory region
of the TAL1 gene at 5’. Furthermore, about 30%
of T-lymphoblastic leukemias display a deletion
in 9p with loss of the oncosuppressor gene
pl6inka, Finally, in infants with neoplasms from
lymphoid precursors, irrespectively of the B- or
T-cell lineage, abnormalities involving 11923 and
the MLL gene indicate a poor prognosis: thus,
rapid and efficient detection of MLL rearrange-
ments is relevant in determining therapeutic strat-
egy.lS

On clinical grounds, B-lymphoblastic tumors
more often show leukemic manifestations, while
the T-cell ones are characterized by a rapidly
growing mediastinal mass. The tendency of
these tumors to involve the central nervous sys-
tem (CNS) and gonads requires CNS prophy-
laxis at presentation and restaging at the time of
therapy discontinuation, respectively.*12

Mantle cell lymphoma
This tumor was erroneously regarded as a low-
grade malignant process by both the WF! and

UKC,?3 that termed it small-cleaved cell lym-
phoma and centrocytic lymphoma, respectively.
At the state of the art, mantle cell lymphoma
(MCL) belongs to the body of aggressive lym-
phomas, since its median survival is below 3
years.+202 |t involves the bone marrow in 70% of
cases (Figure 2a) (with characteristic paratra-
becular diffusion), the intestine in 30% of cases
(where it can also present primarily), and the
peripheral blood in 20-25% of cases (producing
a leukemic picture).426 Conventional regimens
are not effective in the treatment of MCL.: recent
data on a limited number of cases suggest a
good response to high dose therapies followed
by autologous bone marrow transplantation.
At conventional light microscopy,*2° the tumor
can show a mantle zone, nodular or diffuse
growth pattern (Figure 2b). In the first two
instances, the differential diagnosis with a mar-
ginal zone (MZL) or a follicular center lym-
phoma (FCL) can be difficult. Tumors with a dif-
fuse growth pattern are more easily recognized,
although the distinction from B-cell chronic lym-
phocytic leukemia (B-CLL), lymphoplasmacytic
lymphoma (LPL), MZL, and FCL may at times be
problematic. The commonest form of MCL con-
sists of small-medium sized elements, showing a
narrow rim of slightly basophilic cytoplasm and
indented nuclei, with moderately dispersed
chromatin and a small central nucleolus (Figure
2¢). In this context, perivascular deposits of hya-
line material and acidophilic histiocytes are
often encountered. More rarely, MCL is charac-
terized by the occurrence of small round cells,
blastoid elements or a polymorphic population,
which can lead to a misdiagnosis of B-CLL,
LbL/L or diffuse large B-cell lymphoma (DLB-
CL), respectively (Figure 2d).
Immunohistochemistry is of paramount
importance for the identification of MCL.: in fact
- besides the positivities for CD19, CD20, CD22,
and CD79a - it shows expression of CD5 and
cyclin D142 (Figures 2e and 2f). The latter indi-
cates bcl-1 gene rearrangement, which is due to
the occurrence of t(11;14) in 70% of cases.*% It
should be underlined that bcl-1 gene rearrange-
ment is characteristic, but not patho-gnomonic
of MCL, since it can occasionally occur also in
other lymphoid tumors.?? In all instances, there
is occasional positivity for IRF4 and regular
expression of BSAP (23) and bcl-2 gene product
(Figures 2g and 2h): although the latter does not
depend on the presence of t(14;18), neverthe-
less it produces protection of neoplastic cells
from apoptosis.+#? The search for CD10, CD23,
CD68, CD72, and bcl-6 product produces con-
stantly negative results.#202425> The above men-
tioned phenotypic profile allows easy distinction
of MCL from B-CLL (CD5*, CD23*, IRF4+",
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Legends to figures.

Figure 1. (page 1310). Precursor (lymphoblastic) lymphoma/Ileukemia:
a) cell morphology allows the recognition of the lymphoblastic nature
of the tumor, but does not discriminate between B- and T-cell forms
(Giemsa; %400); b) neoplastic cells show size variability, high
nuclear/cytoplasmic ratio, condensed chromatin, and frequent mitot-
ic figures (Giemsa; X600); c) CD34 positivity in a pro-B form (immunoal-
kaline phosphatase technique in paraffin sections; X300); d) TdT stain-
ing in a pro-B form (immunoalkaline phosphatase technique in paraffin
sections; X300); e) CD79a expression in a pro-B form (immunoalka-
line phosphatase technique in paraffin sections; X300); f) CD3 positivity
in a T-lymphoblastic lymphoma (immunoalkaline phosphatase tech-
nique in paraffin sections; X400).

Figure 2. (page 1310). Mantle cell ymphoma: a) paratrabecular infil-
tration of the bone marrow (Giemsa; %X300); b) diffuse effacement
of the normal lymph node structure; note some perivascular deposits
of hyaline material around vessels (Giemsa; X100); c) cytological
details of mantle cell lymphoma of the common type (Giemsa; x
500); d) mantle cell lymphoma of the polymorphic type: neoplastic
cells show a certain variability of size and shape (Giemsa; X300);
e) CD5 expression by neoplastic cells (immunoalkaline phosphatase
technique in paraffin sections; X300); f) neoplastic cells over-
express cyclin D1 at the nuclear level (immunoperoxidase technique
in paraffin sections; X500); g) IRF4 is detected in a few neoplastic
cells (immunoalkaline phosphatase technique in paraffin sections;
%300); h) bcl-2 staining shows positivity of neoplastic cells and neg-
ativity of a residual germinal center (immunoalkaline phosphatase
technique in paraffin sections; ¥300).

Figure 3. (page 1310). Follicle center lymphoma grade Il a) the
tumor shows nodular aggregation and mainly consists of centrob-
lasts (hematoxylin and eosin; X400); b) expression of the CD10 mol-
ecule by neoplastic cells (immunoalkaline phosphatase technique in
paraffin sections; X300).

Figure 4. (page 1311). Diffuse large B-cell lymphoma: a) marked cel-
lular pleomorphism of the neoplastic growth (Giemsa; X400); b) cen-
troblastic variant (Giemsa; ¥400); c¢) immunoblastic variant (Giem-
sa; X400); d) anaplastic variant (Giemsa; X400); e) T-cell-rich B-cell
lymphoma: neoplastic cells arrowed (Giemsa; X400); f) primary
mediastinal large B-cell lymphoma; note the clear cytoplasm of most
neoplastic cells (Giemsa; X400); g) pyothorax-associated lym-
phoma: integration of EBV in the genome of lymphomatous elements
as shown by in situ hybridization with EBER1/2 probes (immunoal-
kaline phosphatase technique in paraffin sections; X500); h) bcl-6
positivity in a diffuse large B-cell lymphoma (immunoalkaline phos-
phatase technique in paraffin sections; X400); i) the same case
expresses CD10 (immunoalkaline phosphatase technique in paraf-
fin sections; %X300); j) and the bcl-2 gene product (immunoalkaline
phosphatase technique in paraffin sections; %300); k) bcl-6 posi-
tivity in another example of diffuse large B-cell lymphoma (immunoal-
kaline phosphatase technique in paraffin sections; X300); I) the
same case Is negative at determination of CD10 (immunoalkaline
phosphatase technique in paraffin sections; X300); m) and the bcl-
2 gene product (immunoalkaline phosphatase technique in paraffin
sections; X300); n) CD79 positivity in a diffuse large B-cell lym-

BSAP*), LPL (CD5-, CD10-, CD68-, CD72-, bcl-
6-, IRF4+, BSAP*), MZL (CD5-, CD10-, CD68*,
CD72+, bcl-6-, IRF4-/+, BSAP-*), and FCL
(CD5-, CD10*, bcl-6, IRF4-, BASP+-),4202325 The
antibodies anti-CD21, CD23, and CD35 show a
loose meshwork of follicular dendritic cells,
which originate from vessels with hyaline wall or
represent remnants of pre-existing germinal cen-
ters, which are in turn CD10*, bcl-6+, and bcl-2-
(Figure 2h). The Ki-67 marking varies from case
to case: a multivariate analysis on 304 cases has
recently shown that patients with higher prolif-
erative indices have a more aggressive clinical
course.?

Follicular lymphoma, grade Il

This tumor, which shows either a follicular or
follicular and diffuse growth pattern, contains
more than 15 centroblasts/high power field*
(Figure 3a). The blast count should be per-
formed by an experienced pathologist, because

phoma with immunoblastic morphology (immunoalkaline phos-
phatase technique in paraffin sections; X300); 0) in the same case,
expression of the VS38C molecule (immunoalkaline phosphatase
technique in paraffin sections; %X400).

Figure 5. (pages 1311 and 1312). Burkitt’s lymphoma: a) cytologi-
cal composition; note the homogeneous cell size, chromatin and
nucleoli distribution, narrow and deeply basophilic cytoplasm, tumor
cell cohesiveness, and starry-sky pattern (Giemsa; X600); b) blc-6
expression (immunoalkaline phosphatase technique in paraffin sec-
tions; X400); c) negativity at determination of bcl-2 (immunoalka-
line phosphatase technique in paraffin sections; X400); d) all neo-
plastic cells express CD10 (immunoalkaline phosphatase technique
In paraffin sections; X400); e) Burkitt’s-like morphology: neoplastic
cells show a certain variability in size and shape (Giemsa; X400).

Figure 6. (page 1312). Peripheral T-cell lymphoma, non-anaplastic:
a) peripheral T-cell lymphoma, nasal-type: note the pleomorphism of
the neoplastic population and the extensive necrosis (hematoxylin
and eosin; X600); b) peripheral T-cell lymphoma, intestinal-type:
note the cell-size variability of the tumoral growth, as well as the
presence of an eosinophilic component (Giemsa; X400); c) periph-
eral T-cell lymphoma, the angioimmunoblastic type: note the rather
loose cellularity and the prominent arborizing venules with high
endothelium (Giemsa; X400).

Figure 7. (page 1312). Anaplastic large cell lymphoma: a) intrasi-
nusoidal diffusion of neoplastic cells (immunoalkaline phosphatase
technique in paraffin sections; X500); b) strong expression of CD30
molecule both at the membrane level and in the Golgi area
(immunoalkaline phosphatase technique in paraffin sections; X400);
c) common-type variant: note the size of the cells, the kidney-shaped
nuclei and the basophilia of the cytoplasm (hematoxylin and eosin;
X400); d) lympho-histiocytic variant: neoplastic cells are obscured
by reactive macrophages with eccentric nuclei (hematoxylin and
eosin; X400); e) in the same case as in Figure 1d, CD30 immuno-
staining allows easy recognition of neoplastic cells (immunoalka-
line phosphatase technique in paraffin sections; X500); f) Hodgkin’s-
like variant: the tumor shows a nodular growth pattern and evokes
collagen band deposition around the nodules (hematoxylin and
eosin; X25); g) at higher magnification, the tumor consists almost
completely of large anaplastic cells (Giemsa; X400); h) common-
type tumor: ALK protein is expressed at both the nuclear and cyto-
plasmic levels (immunoalkaline phosphatase technique in paraffin
sections; X400); i) small-cell type: ALK protein is expressed at both
the nuclear and cytoplasmic levels in the large cells; note the
nuclear positivity of small-medium sized elements, which also belong
to the neoplastic growth and carry t(2;5) (immunoalkaline phos-
phatase technique in paraffin sections; x 200); j) small-cell type: his-
tologic features of the same case as shown in Figure 7i (hematoxylin
and eosin; X400); k) Hodgkin’s-like type: ALK protein expression by
neoplastic cells; the case is the same as in Figures 7f and 7g
(immunoalkaline phosphatase technique in paraffin sections; X500);
1) ALK protein expression is limited to the cytoplasm: the tumor car-
ries inv(2)(p23;g35) (immunoalkaline phosphatase technique in
paraffin sections; X300).

of the risk of including follicular dendritic cells
and histiocytes among neoplastic elements. This
might lead to overestimation of the frequency of
grade lll follicular lymphoma and over-treatment
of a percentage of patients. Mitotic figures are
numerous. Besides positivity for B-cell markers
(BSAP, CD19, CD20, CD22, CD79a), immuno-
histochemistry displays expression of CD10 and
bcl-6 molecules (Figure 3b) (Table 2).27.28 The
search for the bcl-2 gene product can at times
provide negative results.2%30 The latter finding
should be taken into consideration for the dif-
ferential diagnosis between FCL grade 11l and fol-
licular hyperplasia: in fact, while bcl-2 positivity
supports the diagnosis of malignant lymphoma,
negativity does not exclude it.2° Therefore, if a
FCL is suspected at conventional light micro-
scopy, but the bcl-2 staining is negative, other
investigations should be performed, such as the
determination of intracytoplasmic and/or sur-
face Ig, the molecular analysis of Ig encoding

Haematologica vol. 85(12):December 2000
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Table 2. Phenotypic profile of 110 aggressive B-cell lym-
phomas.

CD3+ CD20* CD79a* CD10* Bcl-2* Bcl-6* CD30* CD138* IRF4*

FcL/u 0/12 12/12 12/12 11/12 9/12 12/12 2/12 0/12 0/12
DLBC/NOS  0/35 35/35 35/35 17/35 27/35 24/35 11/35 0/10 16/20
DLBC/CB 0/5 5/5 5/5 35 35 5/5 05 05 1/3
DLBC/IB 0/10 8/10 10/10 0/10 8/10 0/10 2/10 10/10 5/5
DLBC/ANA  0/2 2/2 2/2 0/2 1/2 0/2 2/2 0/2 1/2
PMLBC 0/24 24/24 23/24 4724 20/24 14/24 20/24 ND  ND
BT 0/15 15/15 15/15 15/15 0/15 15/15 0/15 0/15 ND
BA o/ 7/1 7/ o/7 7/7 0/7 0/7T 0/7 ND

FCL/III: Follicle center cell lymphoma, grade Ill. DLBC/NOS: diffuse large B-
cell lymphoma, not otherwise specified. DLBC/CB: diffuse large B-cell lym-
phoma, centroblastic. DLBC/IB: diffuse large B-cell lymphoma, immunoblas-
tic. DLBC/ANA: diffuse large B-cell lymphoma, anaplastic. PMLBC: primary
mediastinal large B-cell lymphoma. BT: Burkitt's lymphoma, typical. BA: Burkit-
t's lymphoma, atypical. +: expression of the molecule in question by neo-
plastic cells. ND: not done.

genes, and the bcl-2 gene status.* Recent studies
from the Wrzburg group reveal that FCL grade
[l can carry the same chromosomal aberrations
as DLBCL (i.e. bcl-6 gene rearrangements, 1qinv,
and 6qdel) (Hans-Konrad Midiller-Hermelink, per-
sonal communication, IX ILSG Meeting, Toulouse, Octo-
ber 11-13, 1999): this observation strengthens
the concept that DLBCL may derive from a pre-
existing FCL.31.32

In keeping with its morphologic, kinetic and
molecular characteristics, FCL grade 1ll runs a
more aggressive clinical course than the grade |
and Il forms.5:33.34

Diffuse large B-cell lymphoma

The tumor may develop de novo or derive from
a previous indolent lymphoma, such as B-CLL,
LPL, MZL, or FCL.*

On morphologic grounds,* DLBCL consists of
large cells (mean diameter = 20 um), more often
characterized by pronounced nuclear pleomor-
phism, prominent nucleoli, and a rim of
basophilic cytoplasm (Figure 4a). The neoplasm
grows diffusely, at times spreading through
residual sinuses. Mitotic figures are always
numerous. Some macrophages phagocytizing
nuclear debris can be encountered. In a minor-
ity of cases one cytotype predominates over the
others, thus allowing the subclassification of the
process into the following forms: centroblastic,
immunoblastic, anaplastic, or with large multi-
lobated nuclei (Figures 4b-d). A further mor-
phologic variant of the tumor, characterized by
a high content of reactive T-lymphocytes, is
termed T-cell rich B-cell lymphoma (Figure 4e) and
can be confused with lymphocyte-predominant
Hodgkin’s disease.*3>3" This variant occasional-
ly shows prominent angiocentricity, thus pro-
ducing the picture originally described as lym-
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phomatoid granulomatosis.3® There is no consensus
on the usefulness of distinguishing histologic
subtypes of DLBCL: some groups have reported
amore aggressive clinical course in patients with
immunoblastic tumor.39:40

DLBCLs are also distinguished into different
subtypes according to disease presentation: pri-
mary mediastinal or thymic,*-44 intravascu-
lar,*>46 body cavity-based,*’*® and pyothorax-
associated.”® The primary mediastinal form
more often occurs in females in the fourth
decade of life and presents in stage | or Il with
bulky tumor and superior vena cava syndrome
(Figure 4f). This variety seems to be very sensi-
tive to third generation chemotherapy regimens,
such as the MACOP-B; at relapse, it character-
istically involves the liver, CNS, kidney, intestine,
and gonads. The intravascular variant usually
occurs at extranodal sites, such as the skin, lung
or brain. The so-called body cavity-based or pri-
mary effusion lymphoma does not stem from
contiguous neoplastic masses, is observed in
immunodeficient patients (mainly HIV*), is asso-
ciated with HHV8 infection, and displays a
peculiar phenotypic profile (with regular expres-
sion of CD45, HLA-DR, EMA, CD30, CD38,
and CD77, and lack of B- and T-cell markers).
The derivation of this tumor from peripheral B-
cells is supported by the observed clonal
rearrangements of Ig encoding genes.” Finally,
pyothorax-associated DLBCL develops in
patients with a previous history of tubercular
empyema, infiltrates the chest wall extensively,
and shows regular EBV integration in the
genome of neoplastic elements (Figure 4g).

On phenotypic grounds (Table 2), at least three
main groups of DLBCL can be distinguished:
CD10*/bcl-6*, CD10/bcl-6*, CD10-/bcl-6-.50.5
The first group corresponds to neoplasms which
derive from germinal center cells - either de novo
or following transformation of a pre-existing
FCL - and are characterized by strong-moderate
expression of CD20, CD79a, and bcl-2 protein
(Figures 4h-j). The remaining two categories
appear to be more heterogeneous. In fact, they
include tumors with the following phenotypic
profiles: a) bcl-6*/bcl-2*/CD10- (possibly also
derived from germinal center cells), b) bcl-6*/bcl-
2-/CD10- (with controversial histogenesis), ¢)
bcl-6-/bcl-2/CD10-/CD20-/*/CD30-/*/
CD79a*/CD138*/EMA*-/mum-1+/VS38c*/Clg*
(with immunoblastic morphology), and d) bcl-6-
/bcl-2-/CD10-/CD20+/CD30*/CD79a*/CD138-/
EMA+-/VS38c¢- (with anaplastic morphology)
(Figures 4k-0). Interestingly, the leukocyte com-
mon antigen/CD45 is absent in about 30% of
DLBCLs of the immunoblastic and anaplastic
types.**2 The expression of the bcl-2 gene prod-
uct deserves special attention: in fact, three
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reports in the literature - based on large series of
cases - suggest that DLBCLs carrying this protein
run a more aggressive clinical course than the bcl-
2 negative ones, as shown by the significant dif-
ferences in terms of overall survival and disease-
free survival 5355

Numerous cytogenetic and molecular aberra-
tions have been detected in DLBCLs: among
these, some have a higher incidence, such as
rearrangements of the bcl-2, bcl-6, and c-myc
genes, +5, +6, +7, +18, 6qdel, and breakpoints
at 1g2-23, 6g21-25, and 14q11-12.5358 These
aberrations are not always associated with over-
expression of the corresponding gene prod-
ucts.5355 Furthermaore, their possible prognostic
relevance, greatly emphasized in the early
1990s,5¢ has recently been questioned, some
authors claiming that they play a major role only
in the process of lymphomagenesis.>*5¢ Howev-
er, very recent data obtained by DNA microar-
rays suggest that the diversity in gene expression
among DLBCLs apparently reflects the variation
in tumor proliferation rate, host response and
differentiation state of the tumor. In particular,
patients whose disease has a germinal-center B-
cell-like molecular pattern might have a more
favorable course than those with an activated
B-cell-like profile.5®

Burkitt’s lymphoma

Burkitt gave the prototypic description of this
tumor in 1955, based on series of cases observed
in Central Africa.®® The neoplasm appears mono-
morphic and consists of medium-sized elements,
with deeply basophilic, vacuolated cytoplasm
and round-oval nuclei, showing reticulated chro-
matin and 2-6 small nucleoli* (Figure 5a). The
process is characterized by a cohesive growth pat-
tern, extremely numerous mitotic figures, abun-
dant apoptotic bodies, and frequent macro-
phages, which produce a starry-sky appearance*
(Figure 5a).

At present, two types of Burkitt’s lymphoma
(endemic and sporadic), as well as a Burkitt’s-
like tumor are distinguished.*

Endemic Burkitt’s lymphoma is characteristi-
cally observed in the malarial areas of Central
Africa, where it affects children and young ado-
lescents, involving the mandible or gonads and
showing regular EBV integration in the genome of
neoplastic cells. Its response to therapy is quite
good. The sporadic form, which is definitely iso-
morphic, occurs in Western countries among
young people and adults, the latter often being
sero-positive. The tumor can present in the intes-
tine, rectum, gonads or CNS, is highly aggressive
and requires the administration of protocols nor-
mally applied to patients with acute Lb
leukemias.® Only 25% of HIV-negative individu-

als display EBV integration in the genome of neo-
plastic cells, while more than a half of the HIV-
positive ones show such an association.®

At phenotypic analysis (Table 2), both endem-
ic and sporadic Burkitt’s lymphomas express
CD19, CD20, CD22, CD79a, CD10, and bcl-6
protein, while they regularly lack the bcl-2 gene
product®? (Figures 5b and 5d). Furthermore,
they systematically carry a series of transloca-
tions [t(8;14), t(2;8), t(8;22)], which involve the
c-myc gene and cause overexpression of its prod-
uct with resulting entrance of all neoplastic ele-
ments in the cell cycle.* While endemic Burkitt’s
lymphoma is generally associated with t(8;14),
the sporadic form can indifferently show one of
the three above mentioned aberrations.*

Burkitt’s-like lymphoma represents a highly con-
troversial issue. It was originally quoted as a pro-
visional entity in the REAL Classification.* In 1997,
at the Consensus Conference held at Airlie House
in Virginia (USA), it was matter of discussion
among clinicians and pathologists, some favor-
ing its inclusion among DLBCLS, others aiming to
maintain it within the body of Burkitt's lym-
phoma. In the last version of the WHO Blue Book,
it was felt relevant to include the term Burkitt’s-like
lymphoma/atypical Burkitt’s lymphoma, in order to
keep the process distinct from DLBCL due to the
need for more aggressive therapy.® Like the provi-
sional entity of the REAL Classification,* this rep-
resents a compromise, which may have an oper-
ational value, but neither solves the still open issue
of the histogenesis of Burkitt’s-like ymphoma nor
provides definite criteria for its morphologic dis-
tinction from Burkitt’s lymphoma on the one
hand and DLBCL on the other.

At conventional light microscopy, neoplastic
cells of Burkitt’s-like lymphoma show significant
variability in terms of shape and size, although
the growth appears strongly basophilic with evi-
dent mitotic figures, apoptotic bodies and star-
ry-sky pattern (Figure 5e). The diagnosis relays on
rather subjective criteria, as also shown by a
recent study carried out by the ILSG Members
(IX Meeting, Toulouse, October 11-13, 1999). Im-
munohistochemistry reveals some phenotypic
differences from Burkitt’s lymphoma: in fact,
staining for bcl-2 is positive, while strains for
CD10 and bcl-6 provide negative results.t On
the other hand, the determination of the Ki-67
proliferation-associated nuclear antigen shows
that most if not all neoplastic cells are in the cell
cycle, like those of Burkitt’s lymphoma.t® Cyto-
genetic studies reveal frequent occurrence of the
same translocations as in Burkitt’s lymphoma.
This led someone to propose the detection of
1(8;14), t(2;8) or t(8;22) as the key-marker for
the recognition and assembly of this group of
lymphoid tumors: recent studies, however, show
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that these translocations can also occur in lym-
phomas which have completely different mor-
phology, histogenesis and natural history.5557

T/NK-cell lymphomas

Peripheral T/NK-cell lymphomas (PTCLS) rep-
resent about 10% of all lymphoid tumors in
Western countries.*%365 For practical purposes,
they should be divided into anaplastic and non-
anaplastic forms. The latter are rare clinico-
pathologic entities, which are characterized by
marked cellular pleomorphism and occur at
extranodal sites in at least 1/3 of cases (Figures
6a and 6b). Extranodal non-anaplastic PTCLs
usually carry cytotoxic phenotype (TIA-1%) with
frequent co-expression of activation markers
(granzyme-B*, perforin*) — a finding observed in
only 20% of the nodal forms — and tend to devel-
op in patients with an immunodeficient status,
often following an organ transplantation.s-78
Non-anaplastic PTCLs generally show defective
T-cell antigen expression (CD2-CD8), mount
o/ TCR (the y/d form being rarely observed and
usually in hepatosplenic PTCL), display clonal
rearrangements of the genes encoding for the T-
cell receptor, and may be pathogenically related
to aviral infection (such as HTLV1 for the adult
T-cell lymphoma/leukemia occurring in Japan
and EBV for the nasal T-cell ymphoma of Asian
countries or AILD-type peripheral T-cell lym-
phoma) (Figure 6¢).46465 On the whole, non-
anaplastic PTCLs have a very poor clinical course
in spite of the aggressive therapies employed
(complete remission rate: 50%; overall survival
at 5 years: 30-35%; disease-free survival at 5
years: about 20%).63-657° These frustrating results
might be partially due to the little attention paid
to non-anaplastic PTCLs in Western countries,
which has not favored the development of ad hoc
therapies.

The anaplastic form of PTCL, usually termed
anaplastic large cell lymphoma (ALCL), has been
more extensively studied because of its relative-
ly high frequency in Western countries and more
favorable response to therapy (overall survival
at 5 years: about 80%).19.63.80-85

ALCL was first described by Stein et al. in 1985
as a tumor characterized by large cells with a
wide rim of cytoplasm (greyish-violet at Giemsa
staining), variably shaped nuclei, prominent
nucleoli, cohesive growth pattern, intrasinu-
soidal diffusion, and regular expression of the
CD30 molecule (86) (Figures 7a and 7b). In
1988 it was included in the UKC among both B-
and T-cell ymphomas.22 Subsequent studies on
larger series of cases led to the identification of
clinico-pathologic variants: a) primary systemic
(of the common, giant-cell rich, lympho-histio-
cytic, small cell, Hodgkin’s-related/like, sarco-
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matoid, and signet ring cell types) (Figures 7¢-j),
b) primary cutaneous, and c) secondary.8>% In
1994, the REAL classification restricted the term
ALCL to neoplasms with T- or null-phenotype
and regarded the Hodgkin’s-like (HL) variant as
a provisional entity.4828387 These concepts have
been maintained in the recently developed WHO
scheme?®® with two major differences: a) cuta-
neous ALCLs have been included among prima-
ry CD30* lymphoproliferative disorders of the
skin,®¢ and b) ALCL-HL has not been
autonomously quoted because of the need for
further studies. At the state of the art, primary
nodal ALCL is regarded as a tumor with a very
aggressive presentation, but also one which is
very sensitive to chemotherapy.13.63.80-85

Over the last two years, the definition of ALCL
has been further refined as the result of new find-
ings, such as the expression of cytotoxic mole-
cules and ALK protein.

About 80% of ALCLs display an activated cyto-
toxic phenotype (TIA-1*, granzyme B*, per-
forin®), irrespectively of clinical and histologic
features.%597 This feature represents an excep-
tion among nodal PTCLs, since the non-
anaplastic forms reveal such a phenotype in no
more than 20% of cases.® For the time being,
the expression of cytotoxic markers has mere his-
togenetic relevance, and does not seem to affect
the clinical course of the disease.

The expression of ALK protein is more often
due to the occurrence of the (2;5)(p23;q35)
translocation, which was described about 10
years ago as being characteristically associated
with ALCL.% Subsequent molecular studies have
shown that t(2;5) produces the formation of a
hybrid gene, termed NPM/ALK, which encodes
for a chimeric protein formed by the N-terminal
region of nucleophosmin (numatrin/B23) and
the entire cytoplasmic domain of the tyrosine
kinase receptor ALK.99-105 The development of
specific antibodies against intracytoplasmic ALK
domain and the N- and C-terminal regions of
NPM, as well as their systemic application to
large series of cases,!%¢-111 has revealed that:

1. about 60% of ALCLs do express the ALK pro-
tein;85,106,108,109,111

2. these cases correspond strictly to systemic
forms, since cutaneous ALCLs are regularly
negative:85112 in particular, ALK-positivity is
observed in the vast majority of the tumors
with common morphology and in most if not
all lympho-histiocytic and small cell variants,
while it is much rarer in the Hodgkin’s-like
and giant cell-rich forms (15-300%)85109-111
(Figures 7h, i and k);

3. the ALK staining usually occurs both in the
nucleus and cytoplasm of the neoplastic ele-
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ments, since the hybrid NPM/ALK protein
forms a heterodimer with normal NPM,
which is a shuttle-protein involved in the tran-
scription mechanisms;85103109.111

4. the same nuclear and cytoplasmic staining
pattern is also observed with the antibodies
raised against the N-terminal region of
NPM, but not with the ones specific for its
C-terminal portion, which produce a nuclear
positivity, since they react with normal NPM
that is physiologically harvested within the
nucleus;®

5. all ALK+ ALCLs carry t(2;5)(p23;935);%°

6. in a small number of ALCLs, ALK-positivity
is limited to the cytoplasm (Figure 71): this
finding corresponds to the occurrence of
chromosomal aberrations other than t(2;5),
involving chromosome 2 at p23, such as
inv(2)(p23;g35), t(1;2)(q21-25;p23), t(2;2)
(p23:023), or t(2;3) (p23;q21); 1341

7. ALK+ ALCLs invariably carry a T- or null-phe-
notype and result EMA* and CD15-;419:85109.111

8. besides the classic large cells, recently re-
termed hallmark cells, these tumors show a
small-cell component, which is particularly
evident in the lympho-histiocytic and small-
cell variants and can vary during the course
of the disease (for instance, at the time of
presentation and relapse);85109111

9. ALK*ALCL is characterized by a spectrum of
morphologic features which can reflect the
ratio between large and small elements, the
occurrence of fibrosis (which can be respon-
sible for the HL appearance), and the pres-
ence of histiocytes or other reactive compo-
nents, likely attracted by cytokines released
by neoplastic cells;85109.111

10. ALK positivity is never observed in B- and T-
cell tumors other than ALCL, with the excep-
tion of a very rare plasmablastic tumor
which shows cytoplasmic staining, but does
not carry t(2;5) or variants;1°

11. a search for the ALK protein in Hodgkin’s
lymphoma is invariably negative;85109.111

12. ALK protein is not detected in normal lym-
phocytes, thus representing an important
indicator both for diagnosis and detection
of minimal residual disease;5197

13. ALK* ALCLs more often affect patients under
30 years old and show a better response to
therapy and more favorable clinical course
than the ALK- ones.84110

On the whole, the above mentioned findings
strengthen the appropriateness of: a) restricting
the term ALCL to tumors with T- or null-pheno-
type, b) keeping the cutaneous forms separate,
and c) excluding any relationship between ALCL
and Hodgkin’s disease. Furthermore, they pro-

vide more precise and practical criteria to be

applied to the so-called ALCL-HL, as stated in

the last version of the WHO Blue Book:1?

a) ALK* ALCL can occasionally show nodular
aggregation and fibrosis, as seen in nodular
sclerosing (NS)-HD;

b) NS-HD may be rich enough in neoplastic
cells to be confused with ALCL;

€) in problematic cases, the expression of
CD15, possibly in conjunction with positiv-
ity for B-cell markers, and the lack of TCR
gene rearrangements and ALK protein favor
the diagnosis of HD, while the negativity for
CD15, the expression of T-cell markers
and/or ALK protein, and the presence of
TCR gene clonal rearrangements or
NPM/ALK hybrid gene support the diagno-
sis of ALCL; cases which cannot be resolved
by the combination of cell morphology, phe-
notype, and molecular data should be
regarded as unclassifiable and submitted to a
second biopsy or a treatment equally effec-
tive for ALCL and HD.120

Contributions and Acknowledgments

SAP was responsible for the conception and design of
this review. SA and ES were responsible for drafting the
article. GFO was responsible for the analysis and inter-
pretation of morphologic data. SP and MP were respon-
sible for analysis and interpretation of phenotypic data.
PPP was responsible for analysis and interpretation of
clinical data. BG was responsible for analysis and inter-
pretation of molecular data. PLZ and LL were respon-
sible for revising the article critically. BF approved the
final version of the paper.

The criteria for the order of names were involvement
in design and organization of the paper, laboratory
research, analysis of clinical data and reviewing the
paper. The order of the names was decided on the basis
of each individual contribution to the above criteria.

The authors thank Ms. Federica Sandri and Mr. Lui-
gi Chilli for their skillful technical assistance.

Funding
This paper was supported by grants from AIRC
(Milan), MURST (Rome) and ABSTE (Bologna).

References

1. Non-Hodgkin’s lymphoma pathologic classification
project. National Cancer Institute sponsored study of
classifications of non-Hodgkin’s lymphomas: sum-
mary and description of a Working Formulation for
clinical usage. Cancer 1982; 49:2112-35.

2. Stansfeld A, Diebold J, Kapanci Y, et al. Updated Kiel
classification for ymphomas. Lancet 1988; i:292-3.

3. Lennert K, Feller AC. Histopathology of non-Hodgk-
in’s lymphomas (based on the Updated Kiel Classifi-
cation). Berlin: Springer-Verlag 1992.

4. Harris NL, Jaffe ES, Stein H, et al. A revised European-
American classification of lymphoid neoplasms: a pro-

Haematologica vol. 85(12):December 2000



1318

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

posal from the International Lymphoma Study Group.
Blood 1994; 84:1361-92.

Longo DL. Biologic agents and approaches in the
management of patients with lymphoma. A critical
appraisal. Hematol Oncol Clin North Am 1991; 5:
1067-87.

Longo DL. The REAL classification of lymphoid neo-
plasms: one clinician’s view. In: PPO Updates. Rosen-
berg S,. Philadelphia: Lippincott 1995; 1-12.

. Lee GR, Foerster J, Lukens J, Paraskevas F, Greer JP,

Rodgers GM. Wintrobe’s Clinical Hematology. Tenth
Edition. Baltimore: Williams & Wilkins 1999; 2501-3.
Bergeron C, Patte JC, Gentet Y, et al. “VANDA” pro-
tocol as treatment for lymphoblastic lymphoma (LL)
relapses in children treated by SFOP LMT 89 protocol.
Ann Oncol 1999; 10 (suppl 3):60.

Patte C, Frappaz D, Bertrand Y, et al. Relapse of child-
hood B-cell ymphoma (BCL) after intensive first line
treatment (Tt). Experience of the French Society of
Pediatric Oncology (SFOP) in the LMB89 protocol.
Ann Oncol 1999; 10 (suppl 3):60.

Pileri SA, Roncador G, Ceccarelli C, et al. Antigen
retrieval techniques in immunohistochemistry: com-
parison of different methods. ] Pathol 1997; 183:116-
23

Pileri SA, Ascani S, Milani M, et al. Acute leukaemia
immunophenotyping in bone-marrow routine sec-
tions. BrJ Haematol 1999; 105:394-401.

Lee GR, Foerster J, Lukens J, Paraskevas F, Greer JP,
Rodgers GM. Wintrobe’s Clinical Hematology. Tenth
Edition. Baltimore: Williams & Wilkins 1999; 2208-
71.

Rubnitz JE, Downing JR, Pui CH, et al. Significance of
the TEL-AML fusion gene in childhood AML.
Leukemia 1999; 13:1470-1.

Maloney KW, McGavran L, Murphy JR, et al. TEL-AML
1 fusion identifies a subset of children with standard
risk acute lymphoblastic leukemia who have an excel-
lent prognosis when treated with therapy that includes
a single delayed intensification. Leukemia 1999; 13:
1708-12.

Park HJ, Lee KE, Um JM, et al. Molecular detection of
TEL-AML 1 transcripts as a diagnostic tool and for
monitoring of minimal residual disease in B-lineage
childhood acute lymphoblastic leukemia. Mol Cells
2000; 10:90-5.

Guidez F, Petrie K, Ford AM, et al. Recruitment of the
nuclear receptor co-repressor N-CoR by the TEL moi-
ety of the childhood leukemia-associated TEL-AML 1
oncoprotein. Blood 2000; 96:2557-61.

Friedmann AM, Weinstein HJ. The role of prognostic
features in the treatment of childhood acute lym-
phoblastic leukemia. Oncologist 2000; 5:321-8.
Mathew S, Behm FG, Dalton J, Raimondi SC. Com-
parison of cytogenetics, Southern blotting, and fluo-
rescence in situ hybridization as methods for MLL gene
rearrangements in children with acute leukemia with
11923 abnormalities. Leukemia 2000; 13:1713-20.
Harris NL, Jaffe ES, Diebold J, et al. The World Health
Organization classification of neoplastic diseases of
the hematopoietic and lymphoid tissues. Report of
the Clinical Advisory Committee Meeting, Airlie
House, Virginia, November 1997. Ann Oncol 2000;
10:1419-32.

Banks PM, Chan J, Cleary ML, et al. Mantle cell lym-
phoma: a proposal for unification of morphologic,
immunologic and molecular data. Am J Surg Pathol
1992; 16:637-40.

Corradini P, Astolfi M, Cherasco C, et al. Molecular
monitoring of minimal residual disease in follicular
and mantle cell non-Hodgkin's lymphomas treated
with high-dose chemotherapy and peripheral blood

Haematologica vol. 85(12):December 2000

S.A. Pileri et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

progenitor cell autografting. Blood 1997; 89:724-31.
de Boer CJ, van Krieken JH, Schuring E, Kluin PM. Bcl-
1/cyclin D1 in malignant lymphoma. Ann Oncol
1999; 8 (suppl 2):109-17.

Krenacs L, Himmelmann AW, Quintanilla-Martinez L,
et al. Transcription factor B-cell-specific activator pro-
tein (BSAP) is differentially expressed in B cells and
subsets of B-cell lymphomas. Blood 1998; 92:1308-
16.

Falini B, Fizzotti M, Pucciarini A, et al. A monoclonal
antibody (MUM1p) detects expression of the
MUMZ1/IRF-4 protein in a subset of germinal center B
cells, plasma cells and activated T-cells. Blood 2000;
95:2084-92.

Flenghi L, Bigerna B, Fizzotti M, et al. Monoclonal
antibodies PG-B6a and PG-B6p recognize, respec-
tively, a highly conserved and a formol-resistant epi-
tope on the human BCL-6 protein amino-terminal
region. Am J Pathol 1996; 148:1543-55.

Tiemann M, Schrader C, Dreyling M, Hiddemann W,
Parwaresch R. European Mantle Cell Lymphoma Study
Group: pathology, proliferation indices and survival in
304 patients. Ann Oncol 1999; 10 (suppl 3):29.
Almasri NM, lturraspe JA, Braylan RC, et al. CD10
expression in follicular lymphoma and large cell lym-
phoma is different from that of reactive lymph node
follicles. Arch Pathol Lab Med 1998; 122:539-44.
Fang JM, Finn WG, Hussong JW, Goolshy CL, Cubbon
AR, Variakojis D. CD10 antigen expression correlates
with the 1(14;18)(g32;921) major breakpoint region
in diffuse large B-cell ymphoma. Mod Pathol 1999;
12:295-300.

Pileri S, Poggi S, Sabattini E, et al. Apoptosis as pro-
grammed cell death (PCD): cupio dissolvi in cell life.
Cur Diagn Pathol 1994; 1:48-55.

Korsmeyer SJ. BCL-2 gene family and the regulation of
programmed cell death. Cancer Res 1999; 59 (Suppl.
7):1693-700.

Matolcsy A, Casali P, Warnke RA, Knowles DM. Mor-
phologic transformation of follicular lymphoma is
associated with somatic mutation of the translocated
Bcl-2 gene. Blood 1996; 88:3937-44.

Chaganti SR, Chen W, Parsa N, et al. Involvement of
BCL6 in chromosomal aberrations affecting band
327 in B-cell non-Hodgkin lymphoma. Genes Chro-
mosomes Cancer 1998; 23:323-7.

Martin AR, Weisenburger DD, Chan WC, et al. Prog-
nostic value of cellular proliferation and histologic
grade in follicular lymphoma. Blood 1995; 85:3671-
8

Lee GR, Foerster J, Lukens J, Paraskevas F, Greer JP,
Rodgers GM. Wintrobe’s Clinical Hematology. Tenth
Edition. Baltimore: Williams & Wilkins 1999; 2486-
90.

Ramsay AD, Smith WY/, Isaacson PG. T-cell rich B-cell
lymphoma. Am J Surg Pathol 1988; 12: 433-43.
Chittal SM, Brousset P, Voigt JJ, Delsol G. Large B-cell
lymphoma rich in T-cells and simulating Hodgkin’s
disease. Histopathol 1991; 19:211-20.

Delabie J, Vandenberghe E, Kennes C, et al. Histio-
cyte-rich B-cell ymphoma: a distinct clinicopatholog-
ic entity possibly related to lymphocyte predominant
Hodgkin’s disease, paragranuloma subtype. AmJ Surg
Pathol 1992; 16:37-48.

Guinee D, Jaffe ES, Kingma D, et al. Pulmonary lym-
phomatoid granulomatosis. Evidence for a prolifera-
tion of Epstein-Barr virus infected B-lymphocytes with
a prominent T-cell component and vasculitis. Am J
Surg Pathol 1994; 18:753-64.

Engelhard M, Brittinger G, Huhn D, et al. Subclassifi-
cation of diffuse large B-cell ymphomas according to
the Kiel classification: distinction of centroblastic and



40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Pathologist’s view point: aggressive lymphomas

immunoblastic lymphomas is a significant prognostic
risk factor. Blood 1997; 89:2291-97.

Baars JW, de Jong D, Willemse EM, et al. Diffuse large
B-cell non-Hodgkin lymphomas: the clinical relevance
of histological subclassification. Br J Cancer 1999;
79:1770-6.

Falini B, Venturi S, Martelli M, et al. Mediastinal large
B-cell ymphoma: clinical and immuno-histochemical
findings of 18 patients treated with two different third
generation regimens. Br ] Haematol 1995; 89:780-9.
Addis BJ, Isaacson PG. Large cell ymphoma of the
mediastinum: a B cell tumour of probable thymic ori-
gin. Histopathol 1986; 10:379-90.

Perrone T, Frizzera G, Rosai J. Mediastinal diffuse
large-cell ymphoma with sclerosis: a clinicopathologic
study of 60 cases. Am J Surg Pathol 1986; 10:176-91.
Menestrina F, Chilosi M, Bonetti F, et al. Mediastinal
large-cell lymphoma of B-type, with sclerosis: histo-
pathological and immunohistochemical study of eight
cases. Histopathol 1986; 10:589-600.

Fukuchi M, Fushimi S, Yoneya M, Hirayama A. An
autopsy case of intravascular malignant lymphoma
presenting with intracranial B-cell type malignant lym-
phoma. Noshuyo Byori 1996; 13:119-25.

Sanna P, Bertoni F, Roggero E, et al. Angiotropic
(intravascular) large cell lymphoma: case report and
short discussion of the literature. Tumori 1997; 83:
772-5.

Jaffe ES. Primary body cavity-based AIDS-related lym-
phomas. Evolution of a new disease entity. Am J Clin
Pathol 1996; 105:141-3.

Horenstein MG, Nador RG, Chadburn A, et al.
Epstein-Barr virus latent gene expression in primary
effusion lymphomas containing Kaposi’s sarcoma-
associated herpesvirus/human herpesvirus-8. Blood
1997; 90:1186-91.

Ascani S, Piccioli M, Poggi S, et al. Pyothorax-associ-
ated lymphoma: description of the first two cases
detected in Italy. Ann Oncol 1997; 8:1133-8.
Carbone A, Gaidano G, Gloghini A, et al. Differential
expression of bcl-6, CD138/syndecan-1, and EBV-
encoded latent membrane protein-1 identifies distinct
histogenetic subsets of acquired immunodeficiency
syndrome-related non-Hodgkin’s lymphomas. Blood
1998; 91:747-55.

Dogan A, Badgi E, Munson P, Isaacson PG: CD10 and
BCL-6 expression in paraffin sections of normal lym-
phoid tissue and B-cell lymphomas. Am J Surg Pathol
2000, 24:846-52.

Falini B, Pileri S, Stein H, et al. Variable expression of
leukocyte common antigen (CD45) in CD30 (Ki-1)-
positive anaplastic large cell (ALC) lymphoma: impli-
cation for the differential diagnosis between lymphoid
and non-lymphoid malignancies. Hum Pathol 1990;
21:624-9.

Hill ME, MacLennan KA, Cunningham DC, et al. Prog-
nostic significance of bcl-2 expression and bcl-2 major
breakpoint region rearrangement in diffuse large cell
non-Hodgkin’s lymphoma: a British National Lym-
phoma Investigation Study. Blood 1996; 88:1046-51.
Gascoyne RD, Adomat SA, Krjewski S, et al. Prognos-
tic significance of Bcl-2 protein expression and Bcl-2
gene rearrangement in diffuse aggressive non-Hodgk-
in's lymphoma. Blood 1997; 90:244-51.

Kramer MH, Hermans J, Wijburg E, et al. Clinical rel-
evance of BCL2, BCL6, and MYC rearrangements in
diffuse large B-cell ymphoma. Blood 1998; 92:3152-
62.

Lo CocoF, Ye BH, Lista F, et al. Rearrangements of the
bcl-6 gene in diffuse large cell non-Hodgkin’s lym-
phoma. Blood 1994; 83:1757-9.

Vitolo U, Gaidano G, Botto B, et al. Rearrangements

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

1319

of bcl-6, bcl-2, c-myc and 6q deletion in B-diffuse
large-cell ymphoma: clinical relevance in 71 patients.
Ann Oncol 1998; 9:55-61.

Jerkeman M, Johansson B, Akerman H, Cavallin-Stahl
E, Kristofferson U, Mitelman F. Prognostic implica-
tions of cytogenetic aberrations in diffuse large B-cell
lymphomas. Eur ) Haematol 1999; 62:184-90.
Alizadeh AA, Eisen MB, Davis E, et al. Distinct types
of diffuse large B-cell ymphoma identified by gene
expression profiling. Nature 2000; 403:503-11.
Burkitt DP. A sarcoma involving the jaws in African
children. Br J Surg 1958/59, 46:218-33.

Davi F, Delecluse HJ, Guiet P, et al. Burkitt-like lym-
phomas in AIDS patients: characterization within a
series of 103 human immunodeficiency virus-associ-
ated non-Hodgkin’s lymphomas. Burkitt’s Lymphoma
Study Group. J Clin Oncol 1998; 16:3788-95.

Spina D, Leoncini L, Megha T, et al. Cellular kinetic
and phenotypic heterogeneity in/among Burkitt’s and
Burkitt-like lymphomas. J Pathol 1997; 182:145-50.
The non-Hodgkin’s lymphoma classification project.
A clinical evaluation of the International Lymphoma
Study Group classification of non-Hodgkin’s lym-
phoma. Blood 1997; 89:3909-18.

Ascani S, Zinzani PL, Gherlinzoni F, et al. Peripheral T-
cell ymphomas. Clinico-pathologic study of 168 cas-
es diagnosed according to the R.E.A.L. classification.
Ann Oncol 1997; 8: 583-92.

Pileri SA, Ascani S, Sabattini E, Falini B. Peripheral T-
cell ymphoma: a developing concept. Ann Oncol
1998; 9:797-801.

Jaffe ES, Chan JKC, Su I-], et al. Report of the Work-
shop on Nasal and Related Extranodal Angiocentric
T/Natural Killer Cell Lymphomas. Definitions, differ-
ential diagnosis, and epidemiology. Am J Surg Pathol
1996; 20:103-11.

Chan JKC, Sin VC, Wong KF, et al. Nonnasal lym-
phoma expressing the natural killer cell marker CD56:
a clinicopathologic study of 49 cases of an uncom-
mon aggressive neoplasm. Blood 1997; 89: 4501-13.
Willemze R, Kerl H, Sterry W, et al. EORTC classifica-
tion for primary cutaneous lymphomas: a proposal
from the Cutaneous Lymphoma Study Group of the
European Organization for Research and Treatment
of Cancer. Blood 1997; 90:354-71.

Boulland ML, Kanavaros P, Wechsler J, Casiraghi O,
Gaulard P. Cytotoxic protein expression in natural
killer cell lymphomas and in alpha beta and gamma
delta peripheral T-cell lymphomas. J Pathol 1997;
183:432-9.

Chiang AK, Chan AC, Srivastava G, et al. Nasal T/nat-
ural killer (NK)-cell lymphomas are derived from
Epstein-Barr virus infected cytotoxic lymphocytes of
both NK-and T-cell lineage. Int J Cancer 1997; 73:332-
8.

Kumar S, Krenacs L, Medeiros J, et al. Subcutaneous
panniculitic T-cell lymphoma is a tumor of cytotoxic
T lymphocytes. Hum Pathol 1998; 29:397-403.

De Bruin PC, Connolly CE, Oudejans JJ, et al. Entero-
pathy-associated T-cell ymphomas have a cytotoxic T-
cell phenotype. Histopathol 1997; 31:313-7.

Chott A, Vesely M, Simonitsch |, Mosberger I, Hanak
H. Classification of intestinal T-cell neoplasms and
their differential diagnosis. Am J Clin Pathol 1999;
111(Suppl. 1):S68-S74.

Cooke CB, Krenacs L, Stetler SM, et al. Hepatosplenic
T-cell lymphoma: a distinct clinicopathologic entity
of cytotoxic gamma delta T-cell origin. Blood 1996;
88:4265-74.

Wright DH. Enteropathy associated T cell ymphoma.
Cancer Surv 1997; 30:249-61.

Arnulf B, Copie Bergman C, Delfau Larue MH, et al.

Haematologica vol. 85(12):December 2000



1320

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
95.

Nonhepatosplenic gammadelta T-cell lymphoma: a
subset of cytotoxic lymphomas with mucosal or skin
localization. Blood 1998; 91:1723-31.

Jaffe ES, Krenacs L, Kumar S, Kingma DW, Raffeld M.
Extranodal peripheral T-cell and NK-cell neoplasms.
Am J Clin Pathol 1999; 111 (Suppl. 1):S46-S55.
Kinney MC. The role of morphologic features, pheno-
type, genotype, and anatomic site in defining extran-
odal T-cell or NK-cell neoplasms. Am J Clin Pathol
1999; 111 (Suppl. 1):S104-18.

Ascani S, Leoni P, Fraternali Orcioni G, et al. T-cell
prolymphocytic leukaemia: does the expression of
CD8+ phenotype justify the identification of a new
subtype? Description of two cases and review of the
literature. Ann Oncol 1999; 10:649-53.

Nakamura S, Shiota M, Nakagawa A, et al. Anaplas-
tic large cell lymphoma: a distinct molecular patho-
logic entity. A reappraisal with special reference to
P8ONPM/ALK expression. AmJ Surg Pathol 1997; 21:
1420-32.

Hiddeman W, Bast MA, Armitage J. The new WHO
classification of malignant lymphomas - clinical impli-
cations. Ann Oncol 1999; 10 (Suppl. 3):6.

Pileri S, Bocchia M, Baroni CD, et al. Anaplastic large
cell ymphoma (CD30+/KI-1+): results of the prospec-
tive clinico-pathologic study of 69 cases. Br ) Haema-
tol 1994; 86:513-23.

Zinzani PL, Bendandi M, Martelli M, et al. Anaplastic
large cell ymphoma (Ki-1/CD30+): clinical and prog-
nostic evaluation of 90 adult patients. J Clin Oncol
1996; 14:955-62.

Falini B, Pileri S, Zinzani PL, et al. ALK+ lymphoma:
clinico-pathological findings and outcome. Blood
1999; 93:2697-706.

Pileri SA, Milani M, Ascani S, et al. Anaplastic large cell
lymphoma: a concept reviewed. Adv Clin Path 1998;
2:285-96.

Stein H, Mason DY, Gerdes J, et al. The expression of
Hodgkin’s disease associated Ki-1 antigen in reactive
and neoplastic lymphoid tissues: evidence that Stern-
berg-Reed cells and histiocytic malignancies are
derived from activated lymphoid cells. Blood 1985;
66:848-58.

Stein H. Ki-1 anaplastic large cell ymphoma: is it a dis-
crete entity ? Leuk Lymphoma 1993; 10 (Suppl.):81-
4

Chan JKC, Ng CS, Hui PK, Leungs TW, Lau WH,
Mcguire LJ. Anaplastic large cell Ki-1 lymphoma.
Delineation of two morphological types. Histopathol
1989; 15:11-34.

Pileri S, Falini B, Delsol G, et al. Lymphohistiocytic T-
cell lymphoma (anaplastic large cell lymphoma
CD30+/Ki-1+ with ahigh content of reactive histio-
cytes). Histopathol 1990; 16:383-91.

Kinney MC, Collins RD, Greer JP, Whitlock JA, Sioutos
N, Kadin ME. A small cell-predominant variant of pri-
mary Ki-1 (CD30)+ T-cell ymphoma. Am J Surg
Pathol 1993; 17:859-68.

Mann KP, Hall B, Kamino H, Borowitz MJ, Ratech H.
Neutrophil-rich, Ki-1-positive anaplastic large cell
malignant lymphoma. Am J Surg Pathol 1995; 19:
407-16.

Chan JKC, Buchanan R, Fletcher CDM. Sarcomatoid
variant of anaplastic large-cell ymphoma. Am J Surg
Pathol 1990; 14:983-8.

Falini B, Liso A, Pasqualucci L, et al. CD30+ anaplas-
tic large cell lymphoma, null type, with signet-ring
appearance. Histopathol 1997; 30:90-2.

Kadin ME. Anaplastic large cell lymphoma and its
morphological variants. Cancer Surv 1997; 30: 77-86.
Foss HD, Anagnostopoulos, I, Araujo |, et al. Anaplas-
tic large-cell lymphomas of T-cell and null-cell phe-

Haematologica vol. 85(12):December 2000

S.A. Pileri et al.

notype express cytotoxic molecules. Blood 1996; 88:
4005-11.

96.Foss HD, Demel G, Anagnostopoulos |, Araujo I,
Hummel M, Stein H. Uniform expression of cytotoxic
molecules in anaplastic large cell ymphoma of null/T
cell phenotype and in cell lines derived from anaplas-
tic large cell lymphoma. Pathobiol 1997; 65:83-90.

97.Krenacs L, Wellmann A, Sorbara L, et al. Cytotoxic
cell antigen expression in anaplastic large cell lym-
phomas of T- and null-cell type and Hodgkin’s dis-
ease: evidence for distinct cellular origin. Blood 1997,
89:980-9.

98. Mason DY, Bastard C, Rimokh R, et al. CD30-positive
large cell lymphomas (“Ki-1 lymphoma™) are associ-
ated with a chromosomal translocation involving
5q35. Br ] Haematol 1990; 74:161-8.

99. Bullrich F, Morris SW, Hummel M, Pileri S, Stein H,
Croce CM. Nucleophosmin (NPM) gene rearrange-
ment in Ki-1-positive lymphomas. Cancer Res 1994;
54:2873-7.

100.Morris SW, Kirstein MN, Valentine MB, et al. Fusion
of a kinase gene, ALK, to a nucleolar protein gene,
NPM, in non-Hodgkin’s lymphoma. Science 1994;
263:1281-4.

101.Ladany M. The NPM/ALK gene fusion in the patho-
genesis of anaplastic large cell ymphoma. Cancer Surv
1997; 30:59-75.

102.Fujimoto J, Shiota M, lwahara T, et al. Characteriza-
tion of the transforming activity of p80, a hyperphos-
phorylated protein in a Ki-1 lymphoma cell line with
chromosomal translocation t(2;5). Proc Natl Acad Sci
USA 1996; 93: 4181-6.

103.Chan PK, Chan FY, Morris SW, et al. Isolation and
characterization of the human nucleophosmin/B23
(NPM) gene: identification of the YY1 binding site at
the 5’ enhancer region. Nucleid Acid Res 1996; 25:
1225-32.

104.Morris SW, Naeve C, Mathew P, et al. ALK, the chro-
mosome 2 gene locus altered by the t(2 ;5) in non-
Hodgkin’s lymphoma, encodes a novel neural tyrosine
kinase that is highly related to leukocyte tyrosine
kinase (LTK). Oncogene 1997; 14:2175-88.

105.Iwahara T, Fujimoto J, Wen D, et al. Molecular char-
acterization of ALK, a receptor tyrosine kinase
expressed specifically in the nervous system. Oncogene
1997; 14:439-49.

106.Shiota M; Fujimoto J, Takenaga M, et al. Diagnosis of
t(2;5)(p23;g35)-associated Ki-1 lymphoma with
immunohistochemistry. Blood 1994; 84:3648-52.

107.Pulford K, Lamant L, Morris SW, et al. Detection of
anaplastic lymphoma kinase (ALK) and nucleolar pro-
tein nucleophosmin (NPM)-ALK proteins in normal
and neoplastic cells with the monoclonal antibody
ALK1. Blood 1997; 89:1394-404.

108.Pileri SA, Pulford K, Mori S, et al. Frequent expression
of the NPM-ALK chimeric fusion protein in anaplastic
large cell lymphoma, lympho-histiocytic type. Am J
Pathol 1997; 150:1207-11.

109.Falini B, Bigerna B, Fizzotti M, et al. ALK expression
defines a distinct group of lymphomas (“ALK lym-
phomas”) with a wide morphologic spectrum. Am J
Pathol 1998; 153:875-86.

110.Hutchinson RE, Banki K, Shuster JJ, et al. Use of an
anti-ALK antibody in the characterization of anaplas-
tic large-cell lymphoma of childhood. Ann Oncol
1997, 8:37-42.

111.Benharroch D, Meguerian-Bedoyan Z, Lamant L, et
al. Morphologic and phenotypic features of lym-
phomas expressing ALK protein. Blood 1998; 91:
2076-84.

112.Herbst H, Sander C, Tronnier M, Kutzner H, Hugel H,
Kandewitz P. Absence of anaplastic ymphoma kinase



Pathologist’s view point:

(ALK) and Epstein-Barr virus gene products in prima-
ry cutaneous anaplastic large cell lymphoma and lym-
phomatoid papulosis. Br J Dermatol 1997; 137:680-
6

113.Pittaluga S, Wiodarska P, Pulford K, et al. The mono-
clonal antibody ALK1 identifies a distinct morpho-
logical subtype of anaplastic large cell lymphoma
associated with 2p23/ALK rearrangements. Am J Surg
Pathol 1997; 151:343-51.

114 Pulford K, Falini B, Cordell J, et al. Biochemical detec-
tion of novel anaplastic lymphoma kinase proteins in
tissue sections of anaplastic large cell ymphoma. Am
J Pathol 1999; 154:1657-63.

115.WIlodarska |, De Wolf-Peeters C, Falini B, et al. The
cryptic inv(2)(p239g35) defines a new molecular genet-
ic subtype of ALK-positive anaplastic large-cell lym-
phoma. Blood 1998; 92:2688-95.

116.Lamant L, Dastugue N, Pulford K, Delsol G, Mariame
B. A new fusion gene TPM3-ALK in anaplastic large
cell ymphoma created by a (1;2)(g25;p23) translo-

aggressive lymphomas 1321

cation. Blood 1999; 93:3088-95.

117.Rosenwald A, Ott G, Pulford K, et al. t(1;2)(q21;p23)
and t(2;3)(p23;g21): two novel variant translocations
of the t(2;5)(p23;g35) in anaplastic large cell lym-
phoma. Blood 1999; 94:362-4.

118.Mitev L, Christova S, Hadjiev E, et al. A new variant
chromosomal translocation t(2;2)(p23;923) in
CD30/Ki-1+ anaplastic large cell lymphoma. Leuk
Lymphoma 1998; 28:613-6.

119.Delsol G, Lamant L, Mariame B, et al. A new sybtype
of large B-cell ymphoma expressing the ALK kinase
and lacking the 2;5 translocation. Blood 1997;
89:1483-90.

120.Diehl V, Loeffler M, Pfreundschunh M, et al. Further
chemotherapy versus low-dose involved field radio-
therapy as consolidation of complete remission after
six cycles of alternating chemotherapy in patients with
advanced Hodgkin’s disease. German Hodgkin’s
Study Group (GHSG). Ann Oncol 1995; 6:901-10.

Haematologica vol. 85(12):December 2000





