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Summary. The Hodgkin lymphoma (HL) is a B-cell
lymphoma, as was proved by molecular studies with
single-cell PCR. Histologically, it is characterized by a
minority of neoplastic cells, Reed-Sternberg cells and its
variants, related to a variable non-neoplastic
inflammatory background. Nowadays, (WHO
classification) the following types of HL are recognized:
Nodular Paragranuloma and the Classical Hodgkin
Lymphoma, the latter including Nodular Sclerosis,
Mixed Cellularity, Lymphocyte-rich Classical Hodgkin
Lymphoma and Lymphocyte Depletion. Morphology
together with immunohistochemical studies allows to
classify the different forms of Hodgkin lymphoma and to
make a differential diagnosis with non-Hodgkin
lymphomas. All classical Hodgkin lymphomas are
treated similarly, and chances for remission and survival
are currently good. Molecular parameters should be
added to the current classification and patients could
benefit from new therapeutic targets.
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Introduction

In 1832, Thomas Hodgkin described the disease that
bears his name in a manuscript entitled "On some
morbid appearances of the absorbent glands and spleen”.
In this publication he recorded seven autopsy cases: six
were personal observations in the Guy’s Hospital
(London) and the seventh was a contribution from
Robert Carswell. The relevance of Hodgkin’s
observations, however, was not fully recognized until
1865, when Sir Samuel Wilks coined the term
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“Hodgkin’s disease” (HD) (Abbondanzo, 2003).

Later on, at the beginning of the twentieth century,
Fox, an American pathologist from the University of
Pennsylvania (Philadelphia) performed a histological
study of those cases during a visit to Guy’s Hospital.
This study led him to conclude that only three out of the
seven cases were actually HD and the others were
classified as tuberculosis, syphilis and "systemic
lymphomatosis” (Bonadonna, 2000).

Hodgkin’s disease has been a paradigm in medicine.
It was the first neoplastic disease defined on the basis of
the histological classification of a characteristic
neoplastic cell (the Reed-Sternberg cell). It was also one
of the first neoplasms where the clinical evolution was
correlated to the regions anatomically involved.
Furthermore, it was one of the earliest neoplasms to be
treated with chemotherapy and radiotherapy
(Bonadonna, 2000).

HD is one of the most frequent malignant
lymphomas in Western countries. It is characterized by a
minority of neoplastic cells — Hodgkin’s and Reed-
Sternberg cells (HRS cells) and its variants — within a
dominant non-neoplastic background variably composed
of lymphocytes, eosinophils, histiocytes, and plasma
cells. For a long time, the nature of the neoplastic cells
has remained elusive and highly controversial. Now it is
clear that Hodgkin’s disease is a lymphoid proliferation,
mostly of B-cell nature, as evidenced by immuno-
phenotypical and molecular studies (single-cell PCR). In
fact, the new WHO classification introduces the term
Hodgkin lymphoma (HL), which will be used hereafter
(Jaffe et al., 2001).

Based on the morphology of neoplastic cells, the
immunophenotype and the composition of the
inflammatory infiltrate, two biological and clinically
different entities may be distinguished: nodular
lymphocyte predominant Hodgkin lymphoma (NLPHL)
and classical Hodgkin lymphoma (CHL). The basic
recognition of these two entities, first in the REAL
classification (Harris et al., 1994), and later in the WHO
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classification (Jaffe et al., 2001) is based on prior
classifications by Jackson and Parker (1947) and Lukes
and Butler (1966). The REAL and the WHO
classifications incorporated the concept of NLPHL as
being similar to the nodular paragranuloma of Jackson
and Parker (1947).

Thus, at present, the following types of HL are
recognized: NLPHL (nodular paragranuloma) and the
CHL, the latter including nodular sclerosis (NS), mixed
cellularity (MC), lymphocyte rich-CHL (LR-CHL), and
lymphocyte depletion (LD) (Jaffe et al., 2001).

The purpose of the present review is to provide an
update for the general practising pathologist about the
diagnostic criteria and subclassification of HL in the
light of the current WHO classification.

NLPHL (nodular paragranuloma)
Clinical features

NLPHL (nodular paragranuloma) is a subtype of HL
with a favourable prognosis, amounting only to a small
percentage of the total cases of HL (around 5%). It can
occur at any age, but there is a peak of incidence in the
4th decade, which contrasts with the bimodal
distribution of CHL (3" and 7t decades). Patients are
typically asymptomatic, with longstanding localized
peripheral lymphadenopathy. The more frequently
affected lymph nodes are cervical and axillary; in
contrast with CHL, mediastinal involvement is very
unusual. Almost all patients with rare exceptions are in
stage I or II at the moment of diagnosis (Poppema et al.,
1979a; Hansmann et al., 1984; Mason et al., 1994). The
disease has an indolent evolution and the prognosis is
favourable despite the frequent relapses, which are
usually local, and responds well to treatment. In fact, life
expectancy in stage I patients is virtually the same as in
the general population. Causes of death in NLPHL
patients are non-Hodgkin Iymphomas, other
malignancies or treatment complications, but not the
disease itself (Regula et al., 1988; Mason et al., 1994;
Bodis et al., 1997; Karayalcin et al., 1997).
Consequently, it has been questioned if additional
treatment to surgical excision is needed in a patient with
single lymph node involvement (Mason et al., 1994).

About 2-7% of NLPHL patients develop a non-
Hodgkin lymphoma, usually a diffuse large B-cell
lymphoma (DLBCL) (Karayalcin et al., 1997;
Hansmann et al., 1989; Bennet et al., 1991; Wickert et
al., 1995); however, this secondary DLBCL has a more
indolent clinical course and a more favourable prognosis
than the de novo DLBCL (Sundeen et al., 1988;
Hansmann et al., 1989; Chittal et al., 1990; Grossman et
al., 1991).

These clinical findings alone would be enough to
make a clear-cut distinction between NLPHL and CHL,
but this concept is also supported by morphological and
immunophenotypical features, as discussed later (Mason
et al., 1994; Pileri et al., 2002).

Morphology

Histopathologically, it has a nodular pattern of
growth (Fig. 1), at least partially, and tends to efface the
lymph node architecture, only preserving some reactive
lymphoid follicles, which are compressed in the
subcapsular zone. The neoplastic nodules are usually
large and have poorly defined boundaries.
Immunohistochemistry with B cell (Fig. 2) or follicular
dendritic cell markers (Fig. 3) may help to recognize the
nodular architecture in cases with no obvious nodularity.
There are, however, many variations on this typical
picture, as recognised by Fan et al. (2003) (see below in
“immunophenotype”). In some cases, one may observe
diffuse growth areas, but the existence of a purely
diffuse variant of paragranuloma is a very controversial
topic. Most cases formerly diagnosed in this fashion are
actually non-Hodgkin lymphomas (T-cell/histiocyte-rich
B-cell lymphomas) or lymphocyte rich classical HL
(Harris et al., 1994; Jaffe et al., 2001). According to
current criteria the detection of one nodule showing the
typical features of NLPHL in an otherwise diffuse
growth pattern is sufficient to exclude the diagnosis of T-
cell/histiocyte-rich B-cell lymphoma (Jaffe et al.,
2001).

The non-neoplastic population is mainly formed by
small lymphocytes, frequently in a background of
epithelioid cell aggregates, hence the original term of
lymphocytic or histiocytic Hodgkin’s disease.
Intermingled with this predominant population, atypical
cells with multilobated nuclei and relatively small
nucleoli, with no peripheral halo, called L&H cells, can
be observed. Its morphology has been compared to that
of popcorn (“popcorn cells”) (Fig. 4). Classical HRS
cells are usually absent or very scanty. In fact, these are
not required for diagnosis. Plasma cells, eosinophils and
neutrophils are not usually observed either (Burns et al.,
1984; Poppema, 1996).

In some cases there may be some fibrosis
surrounding the nodules, reminiscent of that seen in
nodular sclerosis, which has been suggested to represent
a chronic tissue reaction in long-standing cases
(Poppema, 1996).

A special type of lymphoid follicular hyperplasia
known as progressive transformation of germinal centres
is found adjacent to lymph node involvement by HL in
about 20% of cases (Poppema et al., 1979b.c; Burns et
al., 1984). It can also be seen in lymph nodes not
affected by NLPHL from the same patient, as well as
before and after the NLPHL is diagnosed. It consists of
infiltration of the germinal centres by small lymphocytes
from the follicular mantle, thus forming large follicles
similar to NLPHL nodules. This has led to speculate that
PTGC may be a precursor to NLPHL or that both may
be a manifestation of a similar abnormal B-cell reaction
(Poppema, 1996). In fact, there is an increase in the risk
of the appearance of NLPHL in young patients with
PTGC. Although the long-term risk is small, a careful
follow-up of these patients is indicated (Osborne and
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Fig. 1. NLPHL: nodular pattern
(HE). x 2.5

Fig. 2. NLPHL: nodular
architecture highlighted by a B-cell
marker (CD20). x 5

Fig. 3. NLPHL: nodular
architecture highlighted by a
follicular dendritic cell marker
(CD21).x 5

Fig. 4. NLPHL: various
appearance of L&H cells (HE).
x 100

Fig. 5. NLPHL: CD20 positivity in
L&H cells and background
lymphocytes (note rings of small T-
lymphocytes, negative for the B-
cell marker, surrounding L&H
cells). x 20

Fig. 6. NLPHL: L&H cells showing
EMA immunoreactivity. x 20

. Fig. 7. NLPHL: nuclear bcl6
immunoreactivity in L&H cell. x 20

. Fig. 8. NLPHL: L&H nuclei are
“ strongly immunostained with Oct2
antibody. x 20

Fig. 9. NLPHL: abundant CD57+
lymphocytes forming rosettes
around L&H cells (inset). x 10

Fig. 10. NLPHL: immunostaining
for CD20 in a diffuse area. There
is a decrease in background small-
' B lymphocytes (compare to Fig. 2).
x 10
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Butler, 1984; Hansmann et al., 1990; Osborne et al.,
1993).

Immunophenotype

The diagnosis of NLPHL should be confirmed by
immunohistochemical studies. This is mandatory when
the treatment is going to be different to that established
for classical HL (Nicholas et al., 1990; Bishop et al.,
1991; von Wasielewski et al., 1997b).

Neoplastic cells express leukocyte common antigen
(CD45),J chains (Poppema, 1980; Stein et al., 1986) and
other B-cell markers (CD20, CD79a, CDw75, CD74)
and epithelial membrane antigen (EMA) (Figs. 5, 6)
(Delsol et al., 1984; Pinkus and Said, 1985; Pinkus et al.,
1985; Sherrod et al., 1986; Coles et al., 1988; Pinkus and
Said, 1988) (Fig. 4). CD30 and CD15 are usually
negative (Pinkus et al., 1985; Chittal et al., 1988; Pinkus
and Said, 1988). It must be remembered that reactive
lymphoid blasts may exhibit CD30 positivity; they can
be distinguished from L&H cells by their morphology
(no popcorn appearance). Only uncommonly L&H cells
show weak expression of CD30 (Anagnostopoulos et al.,
2000; Jaffe et al., 2001; Pileri et al., 2002). Latent
Epstein-Barr (EBV) infection is not detected in L&H
cells, either using immunohistochemical methods (latent
membrane protein or LMP) or in situ hybridization
(Epstein-Barr early RNA or EBER) (Weiss et al., 1991;
Alkan et al., 1995).

Regarding studies of clonality in L&H cells by
means of immunohistochemistry, the Isaacson group
described immunoglobulin light chain restriction in most
cases (Schmid et al., 1991). Immunoglobulin heavy
chains may be also positive (Stein et al., 2001). Very
recently, IgD positivity in L&H cells has been described
in a subset of NLPHL (Prakash et al., 2006) clinically
characterized by striking male predominance, younger
median age and more frequent cervical lymph node
involvement than IgD-negative cases. In addition, in
IgD-positive cases L&H cells tend to involve the
interfollicular region in a background relatively rich in
T-cells.

The nuclear protein encoded by the bcl-6 gene,
associated with the normal development of the germinal
centre, is expressed by the L&H cells (Fig. 7) (Falini et
al., 1996, 1997; Kraus and Haley, 2000). On the
contrary, bcl-2 protein is negative (Algara et al., 1991;
Alkan et al., 1995).

Other markers that have become recently of interest
for the diagnosis of NLPHL —and on HL in general— are
B-cell transcription factors. Four proteins have been
further studied: octamer-binding transcription factor 2
(Oct2), B-cell Oct-binding protein 1 (BOB.1), B-cell
specific activator (BSAP), and PU.1. Oct2 is an
immunoglobulin transcription factor which, in
conjunction with its coactivator BOB.1, triggers the
promoter of immunoglobulin genes. Both proteins are
regularly positive in NLPHL. Oct2 is particularly useful
to identify L&H cells, since the strong nuclear positivity

of L&H cells, more intense than that of bystander B
lymphocytes, highlights their presence and their nuclear
atypia (Fig. 8) (Jaffe et al., 2001; Stein et al., 2001;
Browne et al., 2003). BSAP, also termed PAX-5 (the
protein encoded by the Pax-5 gene), is also positive in
L&H cells (Browne et al., 2003); PU.1 is more variable,
but it is expressed in the majority of cases of NLPHL
(more frequently in IgD-negative than in IgD-positive
cases) (Torlakovic et al., 2001; Marafioti et al., 2004,
Prakash et al., 2006).

The small lymphocytes present in the NLPHL
nodules are mainly polyclonal B-lymphocytes with the
characteristics of mantle zone lymphocytes (IgM+,
IgD+). Intermingled with them, there are T lymphocytes
ringed or forming a rosette around L&H cells. Like those
of germinal centres, they are usually CD4+ CD57+ (Fig.
9) (Poppema, 1989; Kamel et al., 1993) and also
coexpress bcl-6 (Kraus and Haley, 2000). Nodules also
have a prominent meshwork of follicular dendritic cells.
Internodular regions show T lymphocyte predominance,
as occurs in diffuse areas (Fig. 10), where the follicular
dendritic cell meshwork disappears (Hansmann et al.,
1991). Very recently, Fan et al. (2003) have documented
six distinct immunoarchitectural patterns in NLPHL:
"classic" (B-cell-rich) nodular, serpiginous/
interconnected nodular, nodular with prominent
extranodular L&H cells, T-cell-rich nodular, diffuse with
a T-cell-rich background (T-cell-rich B-cell lymphoma
[TCRBCL]-like), and a (diffuse) B-cell-rich pattern.
They found the presence of a diffuse pattern (TCRBCL-
like) to be associated with recurrent disease. There is
also a tendency for progression to an increasingly more
diffuse pattern over time (Fan et al., 2003; Abdulkader et
al., 2005).

Antigen receptor genes

Single-cell PCR studies have demonstrated that
L&H cells bear monoclonal rearrangement of
immunoglobulin genes (Braeuninger et al., 1997,
Marafioti et al., 1997; Ohno et al., 1997), but
conventional PCR studies with whole tissue DNA more
often give rise to a polyclonal pattern (Linden et al.,
1988; Said et al., 1991; Angel et al., 1993; Pan et al.,
1996; Manzanal et al., 1997).

Differential diagnosis
PTGC

This is a reactive lesion formed by large lymphoid
nodules mainly composed of small mantle zone
lymphocytes and scattered germinal centre cells. PTGC
nodules are usually well limited and separated by typical
reactive follicles. However, in NLPHL the lymph node
architecture is generally not conserved and nodules are
arranged in a tighter fashion, thus conferring them a
certain degree of “molding”. Irregular nodules, poorly
circumscribed nodules with blurred diffuse areas can be
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observed. True L&H cells are only observed in LPHL. In
PTGC large B cells are centroblasts, which may show
some similarity with L&H cells, but are usually not
surrounded by the frequent rings of bcl6+ and CD57+ T-
lymphocytes typical of NLPHL (Burns et al., 1984;
Kraus and Haley, 2000).

LR-CHL

As we will describe below, LR-CHL frequently
exhibits a nodular pattern of growth, and sometimes a
proportion of the neoplastic cells, immersed in a
lymphocytic background, may resemble L&H cells. The
difficulty of the differentiation from NLPHL and the
clinical relevance of such a distinction make
immunophenotypical studies necessary. Neoplastic cells
exhibit the same immunohistochemical profile as in
other subtypes of CHL. They usually express CD30,
CD15, MUMI1/IRF4 (see below) and, in about 50% of
the cases, LMP-EBV. T-cell rosettes around the
neoplastic cells are not in general CDS57+
(Anagnostopoulos et al., 2000; Jaffe et al., 2001;
Marafioti et al., 2004).

T-cell/histiocyte-rich B-cell lymphoma

This variety of large B-cell lymphoma may pose
serious problems regarding the differential diagnosis
with NLPHL, because the nodularity and the B-cell
content may be partially or totally lost in some cases of
NLPHL. TCHRBCL is a diffuse lymphoma formed by
large atypical B cells —which may simulate L&H cells,
HRS cells, centroblasts and immunoblasts— scattered
within an abundant, reactive population formed by
histiocytes and small T lymphocytes. In contrast to
NLPHL, patients with TCHRBCL usually present with
advanced stages and the disease has a bad prognosis.
The immunophenotype of TCHRBCL and NLPHL is
essentially the same for the neoplastic cells, as they
typically express CD20, EMA and bcl-6. Nevertheless,
there are some recently described differential findings:
neoplastic cells of TCHRBCL are leukocyte-specific
phosphoprotein (LSP1)-positive and PU.1 negative,
whereas the L&H cells of NLPHL are mostly LSP1-
negative, with variable PU.1 expression (Marafioti et al.,
2003, 2004; Prakash et al., 2006). Fortunately, there are
additional differences related to the background
population. In TCHRBCL there are almost no small B-
Ilymphocytes, and aggregates of follicular dendritic cells
are not found. Usually, only scattered CD57+ cells are
detected, they do not form rings around neoplastic cells
and do not coexpress bcl6. Background T-lymphocytes
are essentially CD8/TIA1-positive cells. The detection
of monoclonal rearrangement of immunoglobulin genes
by conventional PCR in whole tissue DNA is more in
favour of a diagnosis of TCHRBCL, especially when a
non-nested PCR is performed (Chittal et al., 1991;
Delabie et al., 1992; Kamel et al., 1993; De Jong et al.,
1996; McBride et al., 1996; Fleming et al., 1998;

Riidiger et al., 1998; Kraus and Haley, 2000; Fraga et al.,
2002; Boudova et al., 2003) (Table 1).

Classical HL
Clinical features

Classical HL approximately comprises 95% of HL
cases. It shows a bimodal age distribution, with a peak at
15-35 years of age and a second peak in late life. In
order of frequency, it usually involves cervical lymph
nodes, followed by mediastinal, axillary and paraaortic
regions. Primary extranodal involvement is rare. About
half of the patients are low stage (I/II). Bone marrow
involvement is uncommon (5%). Systemic symptoms
are present in 25-40% of the patients (Jaffe et al., 2001;
Pileri et al., 2002).

Classical HL includes NSHL, MCHL, LRCHL, and
LDHL. At present, with the advent of modern therapy,
the histological subtype has lost significance as
prognostic factor, and stage and systemic symptoms are
much more important in this respect (Josting et al.,
2000).

Histological subtypes

NSHL is the most frequent form of HL, comprising
80% of cases. It was typically described at the clinical
level in young women with mediastinal bulks.
Nowadays, we know that — although it usually affects
young people — it may appear at any age and may show
peripheral lymphadenopathy and multiple locations.
However, mediastinal supradiaphragmatic involvement

Table 1. Differential features between HL and TCHRBCL.

Diagnostic criteria TCHRBCL LPHL CHL
CD45 expression + +

CD30 expression -w -/w +
CD15 expression - - +/-
CD79a expression +/- +/- -/+ Variable
CD20 expression + + -/+ Variable
BOB.1 expression + + -w
Oct2 expression +s +s -w
EMA expression +/- +/- Rare
PU.1 expression - +/- -
PAX 5 expression + + Weakly +
MUM1 expression -/+ -+ +
EBV + Variable

monoclonal polyclonal polyclonal
- + -
Very high Low High

Ig gene rearrangement
Bcl-6+/CD57+ rosettes

Amount of TIA-1+ cells

Amount of CD20+ small lymphocytes Very low High Low
FDC - + +
Stage /v 171 I/
Bone marrow involvement +/- - -

FDC, follicular dendritic cells; W, Weakly positive in some instances; (s)
strongly positive; See text for details and references.
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is predominant. Most patients present with stage II
disease (Colby et al., 1982; Jaffe et al., 2001; Pileri et al.,
2002).

Histologically, NSHL is characterised by nodular
growth pattern, collagen bands and lacunar cells (Fig.
11). The nodularity is usually obvious, but sometimes
may be very focal. The fibrosis is typically made up of
collagen bands poor in fibroblasts and has been
classically described as birefractive under polarised
light. It is usually accompanied by thickening of the
capsule. Lacunar cells are characteristic of NSHL. They
have an abundant, slightly eosinophilic cytoplasm that
appears to be empty (lacuna) in formalin-fixed biopsies.
They tend to have multilobated nuclei with smaller
nucleoli than classical HRS cells, but considerable
morphological variation exists. Classical HRS cells can
also be found, but they are usually rare (Figs. 12, 13).
The background is composed of lymphocytes,
histiocytes, plasma cell, eosinophils, and neutrophils
(Jaffe et al., 2001; Pileri et al., 2002).

Some morphological variations on this general
picture have been underlined. The label “cellular phase”
of nodular sclerosis has been applied to cases with
lacunar cells and overt tendency to nodule formation but
without collagen band deposition. Also, a “syncitial
variant” has been described in which neoplastic cells
form large aggregates that may contain necrotic foci. A
more aggressive behaviour has been advocated for this
variant, because of their frequent association with bulky
disease and high stage (Colby et al., 1982; Strickler et
al., 1986; Ben-Yehuda Salz et al., 1990).

The British National Lymphoma Investigation
(BNLI) has developed a two-grade system for NSHL
that is included in the WHO classification. Although not
necessary for routine clinical purposes, its use is
advisable in order to test its supposed -and controversial-
prognostic value in larger series and protocol studies
(Jaffe et al., 2001; Pileri et al., 2002). Briefly, grade 2 is
characterised by increased numbers of HRS cells (sheets
of cells filling a 40x hpf) in at least 25% of the nodules
(Bennet et al., 1983; d’Amore et al., 1992; MacLennan
et al., 1992; Ferry et al., 1993; Hess et al., 1994; van
Spronsen et al., 1997)

MCHL is the second most frequent subtype of CHL
cases (about 15%). Peripheral lymph nodes are
frequently affected and mediastinal involvement is rare.
There is a tendency to involve the spleen and abdominal
lymph nodes. Patients often present with disease in stage
III or IV (Jaffe et al., 2001).

Morphologically, there is a diffuse histological
pattern. The HRS cells are the classical bi- or
multinucleated cells with large nucleoli and perinuclear
haloes. The cellular background is the same as in NS
with the exception of the prominent fibrosis and the
thickening of the capsule; nevertheless, some interstitial
fibrosis may be seen (Jaffe et al., 2001). It is not rare to
find a marked epithelioid reaction with granuloma-like
clustering (Patsouris et al., 1989).

MCHL may focally involve the interfollicular areas
of lymph nodes and be accompanied by follicular

hyperplasia or regressed germinal centres. This
histological variant must be kept in mind to avoid
overlooking or confusion with Castleman’s disease
(Doggett et al., 1983; Maheswaran et al., 1991). This
interfollicular pattern occurs very rarely in large B cell
lymphomas.

LR-CHL comprises about 4% of all HL cases. Its
clinicopathological profile differs from the other
subtypes of HL, although it is closer to that of NLPHL.
It shows a higher prevalence in middle age males (over
50 years) and most patients present with stages I or II.
There is a tendency to subdiafragmatic nodal
involvement and only rarely mediastinal involvement or
bulky disease are present. After the treatment, the
survival is similar to NLPHL. Late relapses are more
common than in the other types of CHL and do not
behave aggressively, although the prognosis is not as
good as in NLPHL relapses (von Wasielewski et al.,
1997a; Diehl et al., 1999; Anagnostopoulos et al., 2000).

The histological picture of LR-CHL consists of HRS
cells -mainly classical or lacunar, although sometimes a
proportion may resemble L&H cells- scattered in a
background rich in small lymphocytes and devoid of
neutrophils and eosinophils. The architecture may be
diffuse, but most commonly is nodular; therefore, the
differential diagnosis must be made mainly with
NLPHL. The nodular variant of LR-CHL, formerly
known as “follicular” HL (Ashton-key et al., 1995),
contains follicles with regressed germinal centres and
neoplastic cells within the mantle zones or at the
junction with interfollicular regions (Anagnostopoulos et
al., 2000).

LDHL is the less frequent form (1%).
Immunohistochemical studies have probably made this
form almost disappear because the majority of the cases
diagnosed in the past were actually anaplastic or
pleomorphic large cell lymphomas. Other cases may
represent lymphocyte-depleted variants of NSHL (Jaffe
et al., 2001). Histologically, LDHL is a diffuse form of
CHL with a relative predominance of HRS cells to the
background lymphocytes. Two patterns may be
recognised. One resembles MCHL, but with more
abundant HRS cells; sometimes the HRS cells exhibit a
sarcomatous morphology. The other pattern is
characterized by few HRS cells in background of diffuse
fibrosis, with or without fibroblasts. It should be noted
that when a focal nodular sclerosing pattern is present,
the case should be diagnosed as NSHL (Jaffe et al.,
2001). LDHL is more often diagnosed in HIV-
seropositive patients and in developing countries. The
median age of patients is not very different to the other
subtypes if current criteria for diagnosis are applied.
Patients show systemic symptoms, lymphadenopathy -
more often abdominal- and hepatosplenomegaly, and
there is usually bone marrow involvement at diagnosis.
Accordingly, advanced stage disease is frequent (about
70%). This is the keypoint in relation to prognosis, since
it has been shown that, with modern treatments, the
prognosis of LDHL is comparable to the other subtypes
of CHL in the same stage (Kant et al., 1986).
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Fig. 11. NSHL: small nodule,
composed of lacunar cells and

. I inflammatory background,
o !,O)J ! surrounded by sclerosis, x 20
Fig. 12. CHL: diagnostic HRS cell
(HE). x 100

. Fig. 13. NSHL: lacunar cells
(formalin-fixed material, HE). x 20

Fig. 14. CHL: A, B and C, HRS
cells exhibiting immunoreactivity
for CD30, CD15 and EBV (LMP1),
respectively. x 100

Fig. 15. CHL: CD45 stains
strongly background lymphocytes,
whereas HRS cells are negative.

Fig. 15 e : o i = b ~ The membranes of the neoplastic
1g. > cells are not highlighted by
J BI%a Pt 74" .‘.',A"."a...-\_" By ¢ i i - e L immunostaining; this is more

o iv evident where the lymphocytic

rimming is not complete. x 40

Fap?s
"‘f';'r'? ?cv

'
P

Fig. 16. CHL: BSAP/PAX5 is only
weakly positive in the nuclei of
some HRS cells; in contrast, the
nuclei of the small B-lymphocytes
are strongly positive. x 20

Fig. 17. CHL: Oct2
immunostaining displaying
positivity in the background
population, but not in the

' neoplastic cells. x 20

Fig. 18. CHL: HRS cells are
positive for MUM1/IRF4. x 20
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Immunophenotype

Immunophenotypically, HRS cells (lacunar or
classical) express CD30 (Stein et al., 1985) and CD15 in
membrane and Golgi (Fig. 14), and are negative for
CD45 (Fig. 15). In approximately 30% of CHL cases,
HRS cells express CD20, and more rarely, about 10% of
cases, CD79a; these immunostainings are
characteristically heterogeneous (von Wasielewski et al.,
1997a; Jaffe et al., 2001; Tzankov et al., 2003). With
respect to B-cell transcription factors, HRS cells are
usually positive for BSAP/PAX-5, but Oct2 and/or
BOB.1 expressions are typically absent or very weak
(Figs. 16, 17). It must be underlined that BSAP/PAX-5
nuclear expression by HRS cells is weaker than in small
B-lymphocytes; a strong expression in large neoplastic
cells is more typical of B-cell lymphoma (Jaffe et al.,
2001; Stein et al., 2001; Browne et al., 2003; Garcia-
Cosio et al., 2004). Bcl-6 nuclear protein is variably
expressed in HRS cells of about 40% of CHL cases
(Carbone et al., 1998). MUMI1/IRF4 (Multiple
Myeloma-1/Interferon Regulatory Factor-4), a marker
for late centrocytes and plasma cells, is positive in
virtually all cases of CHL (Fig. 18), whereas it is
negative or weakly expressed in a proportion of L&H
cells in NLPHL (Falini et al., 2000; Carbone et al., 2002;
Buettner et al., 2005).

In almost 50% of the CHL cases, HRS cells express

the latent membrane protein (LMP-1), encoded by EBV,
which may be useful for the differential diagnosis with
non-Hodgkin lymphomas and NLPHL (Fig. 14). The
frequency of EBV latent infection is higher in MCHL
and LR-CHL than in NSHL. Most HIV+ cases are EBV
infected (Desol et al., 1992; Brousset et al., 1993, 1994,
Bellas et al., 1996).
The expression of T cell antigens in HRS cells detected
by immunohistochemistry is rare, although there are
some cases (Falini et al., 1987; Dallenbach and Stein,
1989). Single-cell PCR in these cases usually
demonstrates monoclonal immunoglobulin gene
rearrangement; monoclonal T-cell receptor gene
rearrangement is exceptional (Seitz et al., 2000).

Antigen receptor genes

Single-cell PCR demonstrates monoclonal IgH gene
rearrangement in more than 98% of the cases of CHL;
only exceptional cases have been described bearing
monoclonal T-cell receptor gene rearrangement
(Kiippers et al., 1994; Brauninger et al., 1999; Hummel
et al., 1999; Kuppers et al., 1999; Marafioti et al., 2000;
Seitz et al., 2000). Nevertheless, as in NLPHL,
conventional PCR studies with whole tissue DNA more
often give rise to a polyclonal pattern (Manzanal et al.,
1997, Jaffe et al., 2001).

Differential diagnosis

An important differential diagnosis of classical HL

is large B cell lymphoma, particularly TCHRBCL. It can
be distinguished from classical HL by the
immunophenotypic profile of the neoplastic cells: in
TCHRBCL they are CD30-, CD15-, CD45+ and EMA+.
The presence of a monoclonal IgH gene rearrangement
by conventional PCR also favours TCHRBCL (Chittal et
al., 1991; Delabie et al., 1992; Kamel et al., 1993;
McBride et al., 1996; Fleming et al., 1998; Riidiger et
al., 1998; Kraus and Haley, 2000; Fraga et al., 2002;
Boudova et al., 2003) (Table 1).

The primary mediastinal (thymic) large B cell
lymphoma (PMLBCL) may pose differential diagnosis
with classical HL because of the presence of HRS-like
cells and a sclerotic background. Tumour cells of
PMLBCL strongly express CD45, CD20, and CD79a.
Not uncommonly, they are CD30 positive; however, they
lack CD15 and EBV latent infection. Additional markers
more in favour of PMLBCL are CD23 and MAL
protein; the latter is expressed in about 75% of
PMLBCL, but it can also be present in a minority of HL.
cases. In fact, there is a certain degree of overlap and
some tumors —fortunately few— lie in a “gray zone”
between both entities (Chadburn and Frizzera, 1999;
Copie-Bergman et al., 1999; Traverse-Glehen et al.,
2005; Garcia et al., 2005)

The LDHL may show a sarcomatoid appearance, but
major difficulties may arise to differentiate it from
anaplastic large cell lymphomas (ALCL) on
morphological grounds. However, ALCL usually shows
some evidence of cytotoxic/T- cell phenotype ALK
expression, and monoclonally rearranged TCR genes; B-
cell markers, CD15 and EBV are characteristics of CHL.
Other cases of LDHL that show diffuse fibrosis can be,
in fact, NSHL rich in tumor cells (Benharroch et al.,
1998; Falini et al., 1998; Jaffe et al., 2001).

Diagnosis of extranodal involvement

Primary diagnosis of HL at extranodal locations
requires the presence of diagnostic cells with typical
phenotype in the proper inflammatory context. In the
more common situation, that is, the diagnosis of bone
marrow involvement for staging purposes in a patient
with previous diagnosis of HL, it is enough to see
mononuclear HL cells in an appropriate cellular
background. Classically, the presence of atypical
“histiocytes” or “reticulum cells” or the presence of
necrosis or fibrosis with appropriate inflammatory cells
has been regarded as suggestive, but not diagnostic, of
HL (Lukes, 1971; Rappaport et al., 1971). However,
most of these cases can now be interpreted as certain
infiltration with the help of immunohistochemistry; if
doubt persists, a contralateral biopsy is warranted
(Franco et al., 2004).

Conclusion

The diagnosis of HL is still based on the presence of
Reed-Sternberg cells in an appropriate cellular
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background. Accurate diagnosis and classification
require immunohistochemical studies in many cases.
NLPHL has a highly favourable prognosis compared to
CHL, and therefore a different therapeutic approach can
be applied, making the distinction between both types of
HL essential. All classical HL subtypes are treated
similarly, and chances for remission and survival are
currently good.

New molecular and biological parameters should be
added to the current classification, in order to enable the
identification of patients who need a more aggressive
therapy and who could benefit from new therapeutic
targets.
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