J Hematopathol (2014) 7:123-138
DOI 10.1007/s12308-014-0214-3

REVIEW ARTICLE

Thomas Hodgkin and Hodgkin lymphoma

Judith A. Ferry

Received: 26 June 2014 / Accepted: 31 July 2014 /Published online: 12 August 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract In 1832 Thomas Hodgkin, a physician at Guy’s
Hospital in London, published a description of seven cases of
lymph nodes with unusual changes. Little did he suspect that
this publication would lead to recognition of the now-familiar
entity that has come to be known as Hodgkin lymphoma. In the
years that have passed since that publication, diagnostic criteria
and a straightforward system for subclassification of Hodgkin
lymphoma have been established. The cell of origin for the
characteristic neoplastic cell, the Reed-Sternberg cell, was
identified after much scientific struggle. With improvements
in therapy, the prognosis for Hodgkin lymphoma patients has
improved remarkably; indeed, the development of effective
treatment for Hodgkin lymphoma serves as a medical success
story. Current investigation focuses on better understanding of
the intricacies of the complex biology of Hodgkin lymphoma,
including the genetic changes underlying its pathogenesis, and
improving therapy for the minority of patients who do not
respond well to currently available treatment.
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Introduction

The story of Hodgkin lymphoma began in 1832, when Thomas
Hodgkin published a landmark paper entitled “On some morbid
appearances of the absorbent glands and spleen” [1]. The name
“Hodgkin’s disease” was first applied to such cases by Sir
Samuel Wilks in 1865 [2]. Carl Sternberg [3] and Dorothy Reed
[4] each described the large atypical cells characteristic of
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Hodgkin’s disease; these distinctive cells thus became known
as Reed-Sternberg cells. However, it was not until the middle of
the twentieth century that Hodgkin’s disease was clearly recog-
nized as neoplastic; formerly, it was thought to be a reactive,
likely infectious process, possibly related to tuberculosis. In the
decades that followed, methods for treatment of Hodgkin’s
disease improved dramatically, so that this disease that had a
5 % chance of long-term survival in the first half of the twentieth
century now has a much more favorable prognosis, with approx-
imately 85 % of patients being cured of Hodgkin’s disease [5].

Despite the marked improvement in outcome, Hodgkin’s
disease remained a biological enigma. It is a unique neoplasm
in that the neoplastic cells often account for only 0.1-2 % of all
cells in the involved tissues [6]. In addition, despite the ever-
increasing availability of antibodies for use in immunohisto-
chemical analysis, the origin of the Reed-Sternberg cell remained
unknown for many years. Origins from T cells, B cells, histio-
cytes, follicular dendritic cells, myeloid cells, and others were
suggested, but the cell of origin remained elusive. It was not until
the 1990s that the cell of origin was demonstrated to be the B
lymphocyte [7], and Hodgkin’s disease is now accepted as a form
of B-lineage lymphoma with unique features. The term Hodgkin
lymphoma has been adopted in preference to Hodgkin’s disease
in the WHO Classification because the neoplastic cells have been
firmly established as being of lymphoid origin.

Subsequent advances in the study of Hodgkin lymphoma
include documentation of genetic abnormalities contributing to
its pathogenesis, evaluation of the characteristic microenviron-
ment and its effect on prognosis [8, 9], and development of
novel therapies to further improve the prognosis of Hodgkin
lymphoma and to decrease the complications of treatment [6].

Classification of Hodgkin lymphoma
The WHO Classification of Hodgkin lymphoma includes two
main categories: nodular lymphocyte predominant Hodgkin

lymphoma and classical Hodgkin lymphoma. Under the
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heading of classical Hodgkin lymphoma are nodular sclerosis,
mixed cellularity, lymphocyte-rich classical, and lymphocyte-
depleted subtypes (Table 1) [5]. There are a number of features
that are common to nodular lymphocyte predominant and
classical Hodgkin lymphoma: Disease arises in lymph nodes
in nearly all cases; patients are younger, on average, than non-
Hodgkin lymphoma patients; the disease has a favorable
prognosis and is almost always treatable; reactive cells typi-
cally outnumber neoplastic cells; neoplastic cells are of B cell
origin in both categories; and neoplastic cells are usually
surrounded by T cells [5, 10].

Nodular lymphocyte predominant Hodgkin lymphoma

Nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL) comprises 5 % of all cases of Hodgkin lymphoma.
Among prepubertal children, it accounts for a higher propor-
tion of Hodgkin lymphomas [11, 12]. There is a male/female
ratio of 3:1. This disorder affects patients over a wide age
range with a median in the 30s and a unimodal age distribu-
tion, in contrast to the bimodal age distribution of classical
Hodgkin lymphoma. The typical presentation is with localized
disease involving peripheral lymph nodes, most often cervi-
cal, followed by axillary and then by inguinal nodes. Typical-
ly, there are long disease-free intervals, but relapses are com-
mon. This is an indolent disease with excellent survival in
most cases, and the intermittent isolated relapses are not
usually associated with poor overall survival [10, 12]. Patients
who present with high-stage disease typically do not have a
favorable outcome [12, 13]. Bone marrow involvement is
quite uncommon,; it appears to be found only when there is
other clinical or pathologic evidence of aggressive disease
[14].

Histologic examination in cases of NLPHL reveals a lymph
node that is replaced by an infiltrate that is entirely or partially
nodular. The nodules are large, poorly circumscribed and
expansile, and they contain scattered large neoplastic cells
called lymphocytic and histiocytic cells (L&H cells, because
of the composition of the cellular background), popcorn cells
(because of the frequently lobated shape of the nucleus of the
neoplastic cells), and most recently lymphocyte-predominant
cells (LP cells) [10]. The characteristic phenotype of LP cells
is CD20+ bcel6+, CD15—, CD30—, CD45+ Oct-2+ (bright),
BOB.1+, and Epstein-Barr virus-negative (Fig. 1). In occa-
sional cases, the LP cells express CD30, but the CD30 is
usually weak and expressed by only a subset of the neoplastic
cells [15]. A subset of NLPHL has IgD+ LP cells (27 % in one
large series) [16]. The authors found a number of clinical and
pathological features correlating with IgD expression: IgD+
cases affected younger patients (median age of 21 vs 44 years
for IgD— cases), higher male/female ratio (23:1 vs 1.5:1),
more frequent involvement of cervical lymph nodes (56 vs
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Table 1 WHO classification of Hodgkin lymphoma

Nodular lymphocyte predominant Hodgkin lymphoma
Classical Hodgkin lymphoma
Nodular sclerosis classical Hodgkin lymphoma
Mixed cellularity classical Hodgkin lymphoma
Lymphocyte-rich classical Hodgkin lymphoma
Lymphocyte-depleted classical Hodgkin lymphoma

From Stein et al. [5]

18 %), and frequent extranodular localization of IgD+ LP cells
(69 % of cases). Although traditionally, the LP cells are
described as negative for Epstein-Barr virus (EBV), in rare
cases (3 % in one large series), LP cells may harbor EBV [17].
When single LP cells have been extracted and subjected to
polymerase chain reaction, they are shown to be clonal with
ongoing mutation of the immunoglobulin variable region
genes [6, 18], analogous to the non-neoplastic germinal center
cell. The normal counterpart of the LP cell is believed to be the
centroblast (large non-cleaved cell) of the germinal center.

The genetic features of NLPHL show some overlap with
those of classical Hodgkin lymphoma (see below). There is
evidence of activation of both nuclear factor-kappa B (NF-kB)
and Janus kinase/signal transducer and activator of transcrip-
tion (JAK/STAT) signaling pathways; inactivating mutations
of suppressor of cytokine signaling 1 (SOCS1) have been
documented that are believed to contribute to JAK/STAT
activation [12].

Reactive cells are an important component of the nodules
of NLPHL, and they include lymphocytes, histiocytes, and
follicular dendritic cells. The lymphocytes in most cases are
predominantly B cells with an admixture of T cells (CD4>
CDS). T cells tend to cluster around the LP cells. There are
often increased numbers of CD57+ T cells within these nod-
ules and sometimes CD57+ T cell rosette around the LP cells.
T cells clustered around LP cells consistently express PD1, a
marker of T follicular helper cells [19]. By flow cytometry, a
double-positive (CD4+ CD8+) T cell population can be found
in some cases of NLPHL, typically constituting a minority of
the T cells. In contrast to T lymphoblasts, these T cells are
negative for CDla and TdT, and they are otherwise
immunophenotypically normal. The presence of a CD4+
CDS8+ T cell population in NLPHL may reflect an activated
or reactive T cell subset and should not lead to a misdiagnosis
of T cell lymphoma [20]. Nodules are delimited by expanded,
somewhat disrupted networks of follicular dendritic cells.

Rare cases of NLPHL contain background T cells with
prominent cytologic atypia, raising the differential diagnosis
of peripheral T cell lymphoma not otherwise specified (PTCL-
NOS) or composite lymphoma. Atypical T cells are found
surrounding primary and secondary follicles in a pattern mim-
icking the T-zone pattern of PTCL-NOS; less frequently,



J Hematopathol (2014) 7:123-138

.’gé’:v 2 '0..'_""; .
i ok D ca&!"
o R A

Fig. 1 Nodular lymphocyte predominant Hodgkin lymphoma. a Low
power shows an enlarged lymph node replaced by multiple large,
crowded expansile nodules of lymphoid cells. b A single poorly delin-
eated mottled-appearing nodule of larger cells scattered on a background
of many small lymphocytes is seen. ¢ High power shows a few large
atypical LP cells with large, pale, oval, indented, or lobated nuclei; small

atypical T cells form large clusters at the periphery of B cell-
rich nodules of NLPHL. Scattered LP cells can be found

nucleoli; and scant cytoplasm scattered in a background of small lym-
phocytes and histiocytes with abundant pink cytoplasm. d An immuno-
stain for CD20 shows staining of many small B cells and scattered large
LP cells in one nodule. e An immunostain for CD3 shows multiple T cell
rosettes around LP cells

within the atypical T cell-rich areas in all cases. The atypical
T cells have a variable immunophenotype, but they show no
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immunophenotypic abnormality diagnostic of T cell lympho-
ma, and PCR discloses no clonal T cell population. These
cases appear to behave in a manner similar to that of NLPHL
with T cell-rich diffuse areas, i.e., with a higher risk of disease
recurrence than in cases of NLPHL with a classic appearance
(see below) [21].

In addition to the classic pattern, some cases have variant
patterns: (1) The nodules may contain small cells that are
predominantly T cells (the T cell-rich nodular pattern); (2)
LP cells may be found around but outside the nodules, outside
the follicular dendritic cell network (nodular with prominent
extranodular LP cell pattern); (3) nodules may be serpiginous
and interconnected (serpiginous/interconnected nodular pat-
tern); (4) nodularity can be vague and difficult to appreciate
but with a B cell-rich background (diffuse B cell-rich pattern);
or (5) there may be diffuse areas with small cells that are
mostly T cells, resembling T cell-rich large B cell lymphoma
(T cell-rich large B cell-like pattern).

When variant patterns were first described, it was noted
that the presence of a T cell-rich B cell lymphoma (TCRBCL)-
like component may indicate a higher risk for recurrence [22].
In addition, it was noted that there may be a tendency for
NLPHL to progress over time to having a more diffuse pattern
[22]. The prognostic importance of the variant patterns has
recently been the focus of additional study. For cases of
NLPHL with a component of variants characterized by deple-
tion of small B cells in nodules or by presence of neoplastic
cells outside nodules (T cell-rich nodular pattern, TCRBCL-
like pattern, prominent extranodular LP cells, and diffuse B
cell-rich pattern), a greater likelihood of advanced stage dis-
ease and a higher risk of relapse have been reported [23].

In a subset of cases, there is an associated diffuse large B
cell lymphoma (DLBCL) that appears to represent outgrowth
of'the neoplastic cells of the original Hodgkin lymphoma [24].
The diffuse large B cell lymphoma may be found after, con-
current with, or rarely, before the NLPHL [22, 25]. Among
patients presenting initially with NLPHL alone, the frequency
of progression to DLBCL has varied widely among series.
However, histologic progression may occur many years after
initial diagnosis of NLPHL, and in studies with long follow-
up, cases with progression are not rare. In one large series, the
risk of progression to an aggressive lymphoma was 7 % at
10 years and 30 % at 20 years [26].

Transformation appears to be more common in patients
who present initially with NLPHL with advanced stage with
splenic involvement [12, 26]. These diffuse large B cell lym-
phomas may present in lymph nodes or extranodal sites [25].
The majority is described only as DLBCL, while a minority is
described as T cell/histiocyte-rich large B cell lymphoma. At
transformation, the majority of patients have B symptoms,
high-stage disease, splenic involvement, and elevated LDH
[26]. They are moderately aggressive, with behavior similar to
that of diffuse large B cell lymphoma arising de novo [25]. In
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one series, the 10-year progression-free survival was 52 %,
and the 10-year overall survival was 62 % in patients with
transformed lymphoma [26].

Nodular lymphocyte-predominant Hodgkin lymphoma:
differential diagnosis

The differential diagnosis of NLPHL includes non-specific
reactive lymphoid hyperplasia, reactive hyperplasia with pro-
gressive transformation of germinal centers, follicular lym-
phoma, lymphocyte-rich classical Hodgkin lymphoma, T cell/
histiocyte-rich large B cell lymphoma, and T cell lymphomas
(Table 2).

Non-specific reactive lymphoid hyperplasia is an important
entity in the differential diagnosis of NLPHL. Nodularity may
be vague on low power examination of NLPHL, characteristic
LP cells are infrequent, and flow cytometry discloses no
diagnostic evidence of lymphoma. The most efficient way to
make a diagnosis is to note the large, expansile, ill-defined
nodules of lymphoid cells and to consider the possibility of
NLPHL on low power examination. Once the diagnosis of
NLPHL is considered, it is fairly straightforward to search
within nodules on higher power for LP cells and to obtain
immunostains to highlight the LP cells and the characteristic
reactive cells, in order to establish a diagnosis.

Reactive hyperplasia with prominent progressive transfor-
mation of germinal centers (PTGC) can raise the question of
NLPHL. In PTGC mantle zone-type B cells infiltrate and
replace the germinal center and enlarge the follicle, so that
the enlarged follicles of PTGC can superficially resemble
nodules of NLPHL. NLPHL, however, results in architectural
distortion due to a proliferation of multiple large, poorly
circumscribed nodules and shows convincing LP cells
surrounded by T cell rosettes. The presence of reactive folli-
cles of the usual type interspersed among PTGCs strongly
favors reactive hyperplasia [27]. NLPHL can also mimic low-
grade follicular lymphoma, although neoplastic follicles tend
to be better delineated than the nodules of NLPHL, neoplastic
follicle center cells should be at least slightly larger than most
small cells in NLPHL, and neoplastic follicle center cells
typically express CD10 and/or bel6 and bcel2. Submitting
material for flow cytometry facilitates establishing a diagno-
sis, as follicular lymphoma, but not NLPHL, harbors a mono-
typic B cell population detectable by flow cytometry.

In contrast to classical Hodgkin lymphoma, findings that
are infrequent or absent in NLPHL are granulocytes, plasma
cells, classic Reed-Sternberg cells, sclerosis, and necrosis.
Lymphocyte-rich classical Hodgkin lymphoma has a back-
ground similar to that of NLPHL. It is the type of Hodgkin
lymphoma most difficult to distinguish from NLPHL, and
immunophenotyping is recommended to make a definitive
diagnosis (see below, “Lymphocyte-rich classical Hodgkin
lymphoma” section) [13, 28].
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Table 2 Nodular lymphocyte-predominant Hodgkin lymphoma: differential diagnosis

Diagnosis Problem Clues to diagnosis
Reactive lymphoid LP calls can be rare and inconspicuous; if overlooked, NLPHL often shows marked nodal enlargement, marked
hyperplasia (RLH) NLPHL can be mistaken for reactive hyperplasia architectural distortion; look for LP cells in the large
expansile nodules
RLH with progressive Appearance of PTGC overlaps with individual nodules of PTGCs are scattered among reactive follicles; NLPHL causes

transformation of NLPHL
germinal centers (PTGC)
[27]
Follicular lymphoma (FL)
with architectural effacement

T cell/histiocyte-rich large B NLPHL and THRBCL both have large atypical bcl6+ B
cells in a background of small lymphocytes and

cell lymphoma

(THRBCL) [29-32] histiocytes

T lymphoblastic lymphoma Flow cytometry in some cases of NLPHL shows a CD4/
CD8 double-positive T cell population, raising question

(T-LBL) [20]
of T lymphoblastic lymphoma

Peripheral T cell lymphoma Rare cases of NLPHL have an atypical-appearing T cell
component that can suggest PTCL (or composite lym-

(PTCL) [21]
phoma with NLPHL and PTCL)

FL and NLPHL both produce a nodular pattern, usually

more prominent architectural distortion. PTGCs lack
convincing LP cells, and PD1+ T cell rosettes are rare

FL has a component of centrocytes (small cleaved cells),
lacks LP cells, and contains clonal B cells on flow
cytometry; NLPHL has LP cells in a background of small
polytypic B cells and T cells and lacks a component of
centrocytes; no clonal B cells are found by flow cytometry

NLPHL is at least partially nodular, by definition; THRBCL
is entirely diffuse

Making a distinction on a small biopsy can be difficult
because of sampling artifact, so obtaining a larger biopsy
can be helpful

Background lymphocytes in THRBCL are almost
exclusively T cells; B cells are rare, in contrast to NLPHL

THRBCL more often presents with high-stage disease than
NLPHL, so clinical features may be helpful

The CD4+/CD8+ T cells are negative for CDla and TdT;
features are typical of NLPHL and do not otherwise
suggest T-LBL

The atypical T cells in cases of NLPHL show no diagnostic
immunophenotypic abnormality and have no detectable
clonality by molecular studies

PTCL should be diagnosed with extreme caution in the
presence of areas of NLPHL

T cell/histiocyte-rich large B cell lymphoma can be includ-
ed in the differential with NLPHL. Comparison of the small
reactive cells, the large neoplastic cells, and the pattern of
growth may be helpful in distinguishing these two disorders.
In NLPHL, the large cells are LP cells, and in T cell/histiocyte-
rich large B cell lymphoma, they may have a similar appear-
ance, but they may also resemble centroblasts or
immunoblasts or be bizarre. Their immunophenotype is nearly
identical, with only minor differences. IgD expression on LP
cells is more common than on the neoplastic cells of T cell/
histiocyte-rich large B cell lymphoma (27 vs 5 %), for exam-
ple [16]. NLPHL by definition has an architecture that is at
least partially nodular. T cell/histiocyte-rich large B cell lym-
phoma is typically diffuse but may show vague nodularity on
routinely stained sections; follicular dendritic cell meshworks
as seen in NLPHL are absent, however [29]. In T cell/
histiocyte-rich large B cell lymphoma, the background cells
are almost all T cells with hardly any small B cells. T cell/
histiocyte-rich large B cell lymphoma is reported to have a
higher proportion of CD8+ T cells and TIA1+ T cells than
NLPHL in some studies [10, 30]. T cell/histiocyte-rich large B
cell lymphoma is also reported to have a lower proportion of

CD4+ T cells and of T cells with a T follicular helper cell
phenotype than NLPHL [31]. Staining for the T follicular
helper cell marker PD1 may be helpful, as PD1+ T cells do
not form rosettes around large neoplastic B cells in typical
cases of T cell/histiocyte-rich large B cell lymphoma [19].
Such rosettes are also typically absent in T cell/histiocyte-rich,
diffuse areas of NLPHL, limiting the usefulness of this feature
in such cases [31]. Diffuse areas of NLPHL can be very
difficult to distinguish from T cell/histiocyte-rich large B cell
lymphoma, so caution should be exercised when considering
a diagnosis of T cell/histiocyte-rich large B cell lymphoma on
a needle biopsy specimen. Adding a comment to the diagnos-
tic report indicating this issue and suggesting obtaining a
larger biopsy specimen, if clinically indicated, can be consid-
ered. It is possible to speculate that cases in which a diagnosis
of T cell/histiocyte-rich large B cell lymphoma is made ini-
tially and in which a subsequent biopsy shows NLPHL, repre-
sent NLPHL with diffuse areas, in which the characteristic
nodular foci were not sampled in the initial biopsy specimen.
The difficulty in distinguishing T cell/histiocyte-rich large
B cell lymphoma, NLPHL, and NLPHL with T
cell/histiocyte-rich diffuse areas is underscored by molecular
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analysis, as the neoplastic cells of these entities are not readily
separable by gene expression profile [31]. Interestingly, dif-
ferences in the composition of the microenvironment are
better defined than differences in neoplastic cells of T
cell/histiocyte-rich large B cell lymphoma and NLPHL [31].
The possibility that T cell/histiocyte-rich large B cell lympho-
ma represents transformation or progression of NLPHL has
been suggested; however, comparative genomic hybridization
shows that the neoplastic cells of T cell/histiocyte-rich large B
cell lymphoma have fewer genomic imbalances than NLPHL,
excluding that hypothesis. Certain abnormalities are common
in both types of lymphoma, including changes affecting X, 4q,
and 17p, suggesting that these two lymphomas do share some
pathogenetic features or possibly a common cell of origin
[32]. It may be that T cell/histiocyte-rich large B cell lympho-
ma and NLPHL represent a biological spectrum, with differ-
ences in microenvironment, rather than differences in neoplas-
tic cells, driving the behavior of these lymphomas [31].

T cell lymphomas may enter the differential diagnosis of
NLPHL if flow cytometry reveals a very high CD4/CDS ratio
or a CD4/CD8 double-positive T cell population or if there is
an associated atypical T cell population, as noted above.
Familiarity with the spectrum of characteristics of T cells
associated with NLPHL will help to avoid misdiagnosis.

Classical Hodgkin lymphoma

Classical Hodgkin lymphoma (CHL) shows a bimodal age
distribution with peaks among young adults and among the
elderly in developed countries. In developing countries, the
early peak affects children, rather than young adults. Most
patients present with localized (stage I or stage II) disease;
occasional patients present with widespread disease. This is a
moderately aggressive lymphoma, but it is curable in most
cases. The prognosis has improved dramatically in the last
70 years. The hallmark of CHL is the Reed-Sternberg cell, a
neoplastic cell with distinctive morphology and
immunophenotype that must be present in the appropriate
cellular background to establish a diagnosis of CHL. The
Reed-Sternberg cell is large, with two or more large, oval or
irregular nuclei (or nuclear lobes) each containing an eosino-
philic nucleolus surrounded by a perinucleolar halo. Uninu-
cleate cells with similar features are known as mononuclear
variants. These neoplastic cells are CD30+, usually CD15+,
negative for most B cell markers, typically negative for T cell
markers, negative for immunoglobulin, negative for CD45,
and negative for anaplastic lymphoma kinase (ALK). These
cells do usually express BSAP (Pax5), B cell-specific activa-
tor protein, often less intensely than admixed B lymphocytes
(Fig. 2). In occasional cases, B cell-associated markers other
than Pax5, such as CD20, are expressed by the neoplastic
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cells, but in such cases, B antigen expression is variably
intense, often weak, and is found on only a subset of tumor
cells. Neoplastic cells lack Oct-2, a transcription factor for
immunoglobulin, or BOB.1, a co-activator of Oct-2, or both of
these proteins that are normally expressed in B cells [5].

In a small proportion of cases (5 % in one analysis) [33],
there is expression of one or more T cell antigens by neoplastic
cells. T antigen+ cases of CHL were most often nodular
sclerosis type in one large series [34]; of these, most had an
abundance of tumor cells, consistent with NS2 morphology.
Among T antigens investigated, CD2 and CD4 were those
most commonly expressed by neoplastic cells. Less common-
ly expressed were CD3, CDS5, CD7, and CD8 (Fig. 2¢) [34].
Expression of more than one T cell-associated antigen on
tumor cells was common. Only a minority of neoplastic cells
expressed any one T cell antigen (10 to 35 % in one series).
Staining was usually in a membrane pattern; “blob-like” stain-
ing in a Golgi pattern was found less commonly. T antigen+
Hodgkin lymphoma is typically negative for EBV. Clonal T
cell receptor gene rearrangement has been documented rarely,
but in general, TCR genes are in the germline configuration in
these cases [34]. T antigen expression has been associated
with shorter overall and event-free survival [34].

Epstein-Barr virus (EBV) is present in the neoplastic cells
in approximately 40 % of cases. The neoplastic cells express
EBYV latent membrane protein, corresponding to the latency II
pattern of EBV latent antigen expression. In situ hybridization
shows that EBV+ cells are positive for EBV-encoded RNA or
EBER and in cases so analyzed that the EBV DNA is in the
clonal episomal form [35]. EBV is found in the majority of
cases of mixed cellularity type of Hodgkin lymphoma and is
more common in Hodgkin lymphoma in young children and
older adults than in young adults [36, 37].

The reactive cells of CHL are also an important component
of the disorder, helping to define its microscopic features and
helping to distinguish it from non-Hodgkin lymphomas. Char-
acteristically, there are many small lymphocytes with T cells
usually outnumbering B cells, as well as variable numbers of
admixed histiocytes, plasma cells, eosinophils, and neutro-
phils. Sclerosis and necrosis are variably present. Architectur-
al effacement may be complete or partial. Occasional cases
show an interfollicular distribution that on low-power exam-
ination could mimic reactive hyperplasia.

The reactive component or the microenvironment of CHL
is not only useful in facilitating diagnosis but also plays an
integral, active role in the pathogenesis of the disease. This
component of the disease has been studied using immunohis-
tochemistry as well as gene expression profiling in recent
years, with generation of an enormous amount of novel data.
The various cells in the microenvironment are thought to be
recruited by chemokines and cytokines secreted by Reed-
Sternberg cells and variants. Some of the reactive cells in turn
stimulate the neoplastic cells to survive and proliferate and to
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Fig. 2 Nodular sclerosis classical Hodgkin lymphoma with T antigen
expression. a Neoplastic cells, many with the morphology of lacunar
cells, are concentrated around an area of necrosis. Neutrophils are
scattered in the necrotic material. b—d Neoplastic cells are CD15+ (b),
CD30+ (¢), and Pax5 dim+ (d). e Neoplastic cells focally express CD3

evade elimination by the immune response [8]. In addition,
the composition of the microenvironment may be of

(arrow) as well as CD4 (not shown). Most of the surrounding small
lymphocytes are also CD3+ T cells. The immunophenotype was other-
wise typical for NSCHL, and no clonal T cell population was detected by
PCR

prognostic importance. It has been proposed that cases of
CHL with a larger component of macrophages have shortened
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survival compared to those with fewer macrophages [9]. Giv-
en the importance of the microenvironment in the biology of
Hodgkin lymphoma, it has received attention as a potential
therapeutic target, with the idea that if the activating,
supporting milieu characteristic of the disease is eliminated,
the neoplastic cells may not be able to survive [§].

Southern blot hybridization studies have usually shown the
immunoglobulin heavy chain gene (/GH@) in germline con-
figuration although occasionally clonal rearrangements are
demonstrated. The T cell receptor genes are almost always in
the germline configuration. Kuppers and co-workers evaluat-
ed the status of /GH@ by PCR in single neoplastic cells
selected from sections involved by Hodgkin lymphoma and
found that the tumor cells had clonally rearranged IGH@,
finally demonstrating definitively a B lymphocyte origin for
Reed-Sternberg cells [7]. This remarkable observation was
confirmed in other studies [6, 38], Single-cell PCR shows that
the neoplastic cells in most cases are clonal B cells with highly
mutated immunoglobulin variable region genes [5—7].

Putting together the information on the immunophenotype
and genotype of the Reed-Sternberg cells, the cell of origin of
the Reed-Sternberg cell is established as a B cell at the
germinal center or post-germinal center stage of differentia-
tion that either has crippling mutations that prevent immuno-
globulin expression or has defective immunoglobulin tran-
scription apparatus that prevents immunoglobulin transcrip-
tion. The presence of EBV in a substantial number of cases
suggests that the virus may be important in the pathogenesis of
a subset of CHL.

More recent studies have focused on the genetic abnormal-
ities that may underlie the pathogenesis of Hodgkin lympho-
ma; better understanding of these abnormalities may help to
identify effective targeted therapies for Hodgkin lymphoma.
NF-kB pathway activation is typically found; on sections, this
can be documented by demonstrating nuclear cREL and
bright cytoplasmic TRAF1 expression [39]. The JAK/STAT
signaling pathway is also often activated in CHL [6]. Muta-
tions in SOCS] are also common; SOCS1 can serve as an
inhibitor of STAT, so that SOCS1 mutations may contribute to
the pathogenesis of Hodgkin lymphoma via JAK/STAT path-
way activation [40]. Deregulated activity of the PI3K/Akt
pathway and the MAPK/ERK pathway is also described in
association with Hodgkin lymphoma [6]. Recently, changes in
microRNA expression have been recognized in Reed-
Sternberg cells and variants compared to normal B cells.
The significance of some of these changes is uncertain, but
at least, some of them may be pathogenetically important.
miR135a, for example, appears to promote upregulation of
its target gene JAK2, another factor that may contribute to
activation of the JAK/STAT pathway [41].

The cytogenetic features of CHL have been studied by
routine karyotyping and also by comparative genomic hybrid-
ization. Hodgkin lymphoma is associated with frequent
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aneuploidy and polyploidy. Comparative genomic hybridiza-
tion discloses multiple cytogenetic abnormalities, both gains
and losses, although without a consistent recurrent cytogenetic
abnormality that is characteristic of this neoplasm [5, 42].
Fifteen percent of CHLs harbor a translocation involving the
major histocompatibility complex class II transactivator
(CIITA) [43], resulting in a modification which could poten-
tially help the neoplastic cells evade elimination by the im-
mune response. Chromosomal gains sometimes involve re-
gions containing genes resulting in upregulation of signaling
pathways thought to be important in the pathogenesis of
Hodgkin lymphoma. Gains of 9p, the site of JAK2, and of
2p, the site of the REL oncogene involved in NF-kB activa-
tion, for example, are common [5, 11, 42].

Nodular sclerosis classical Hodgkin lymphoma

Nodular sclerosis classical Hodgkin lymphoma (NSCHL)
accounts for approximately 70 % of CHLs in developed
countries. It mainly affects adolescents and young adults with
females at least as often affected as males. In most cases,
patients present with supradiaphragmatic disease that is Ann
Arbor stage I or II. The mediastinum is often involved. On
histologic examination, there are cellular nodules containing
Reed-Sternberg cells and mononuclear variants and a variable
admixture of reactive cells. The lacunar cell, with its distinc-
tive cytoplasmic retraction forming a “little lake” around the
cell, is the mononuclear variant characteristic of NSCHL.
Fibrous bands separate the cellular nodules (Fig. 3a—). EBV
is found in only a minority of cases [44].

Subtypes of NSCHL include the cellular phase, in which
there is a diffuse infiltrate without fibrous bands, and the so-
called syncytial variant in which neoplastic cells are abundant
and grow in sheets. The syncytial variant may be difficult to
distinguish from non-Hodgkin lymphoma and carcinoma on
routinely stained sections. NSCHL with few or moderate
numbers of neoplastic cells have been called grade I, or
NSI1, while cases with numerous neoplastic cells have been
designated as grade II, or NS2 (defined in the WHO Classifi-
cation as >25 % of nodules having >1 hpf occupied by sheets
of neoplastic cells). With optimal therapy, most investigators
believe that grade does not have a significant impact on
prognosis [45, 46].

Differential diagnosis of nodular sclerosis classical Hodgkin
lymphoma

The most important entity in the differential diagnosis of
NSCHL is diffuse large B cell lymphoma, in particular, pri-
mary mediastinal (thymic) large B cell ymphoma.
Mediastinal large B cell lymphoma primarily affects young
and middle-aged adults with a female preponderance [47-54].
Patients typically have symptoms related to the presence of a
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3 years later by mediastinal large B cell lymphoma (d—i). a Low power of
NSCHL shows tissue rich in small dark lymphocytes transected by a
well-formed fibrous band. b High power shows lacunar cells, including
multinucleated forms, with prominent cytoplasmic retraction in a back-
ground of small lymphocytes. ¢ Neoplastic cells are negative for CD20
(shown here); other immunophenotypic features were also typical for
CHL. d Whole mount of a section involved by mediastinal large B cell
lymphoma shows cellular nodules separated by fibrous bands. Dark

strands of thymic tissue are in continuity with the lesion (right). e The
lymphoma had patchy areas of necrosis; ghosts of tumor cells are seen but
granulocytes are absent from the necrosis. f Neoplastic cells have oval to
lobated nuclear contours, mostly lack prominent nucleoli and are associ-
ated with delicate interstitial sclerosis. Admixed reactive cells are sparse.
g Neoplastic cells show diffuse, strong staining for CD20, in contrast to
the prior NSCHL (see ¢). h Neoplastic cells show partial, dim expression
of CD30. i Some neoplastic cells show bright, dot-like Golgi region
staining for CD15
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Fig. 3 (continued)

large anterior-superior mediastinal mass, including shortness
of breath, chest pain, superior vena cava syndrome, or a
combination of these. Constitutional symptoms are not com-
mon [47, 49, 51-54].

The lymphoma is composed of a diffuse infiltrate of large
atypical lymphoid cells that is typically associated with scle-
rosis. The sclerosis can be coarse or fine, band-like or inter-
stitial, or it can surround nests of cells, in a packeting pattern
[55]. The appearance of the neoplastic cells varies from case to
case, but they often have irregular, lobated nuclei and clear
cytoplasm [56]. Neoplastic cells may also have round to oval
nuclei and inconspicuous to prominent nucleoli, resembling
centroblasts or immunoblasts (Fig. 3d—i). Neoplastic cells
occasionally resemble Reed-Sternberg cells or mononuclear
variants [47-49, 56]. The neoplastic cells are typically dif-
fusely positive for CD45 and for pan B cell markers (CD19,
CD20, CD22, Pax5, and CD79a) (Fig. 3g) and co-express
Oct-2 and BOB.1. Most cases lack surface immunoglobulin
[47,49, 57, 58]. Expression of CD30 is common (Fig. 3h), but
staining is usually weaker and more variable than in CHL
[57-59]. CD15 expression, especially in the form of dot-like
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Golgi region staining in a subset of cells, is common (Fig. 31)
[60], but strong staining of most neoplastic cells, or membrane
staining, is very unusual.

NSCHL has clinical and pathological features that overlap
with mediastinal large B cell lymphoma, including a tendency
to affect younger adults, with a modest female preponderance,
taking the form of mediastinal neoplasms with sclerosis. Both
lymphomas are of B cell origin and share some
immunophenotypic characteristics. The two lymphomas share
some cytogenetic abnormalities, including frequent gains in
2p13-p16 and 9p24 (location of REL and JAK?2, respectively)
[40], as well as similar abnormalities in gene expression
profiles [61, 62]. Both lymphomas show activation of the
NF-kB pathway which is considered critical in pathogenesis
[39].

Despite these shared features, it is usually straightforward
to distinguish NSCHL from mediastinal large B cell lympho-
ma if a well-preserved, optimally representative biopsy spec-
imen of reasonable size is submitted for review. Supporting a
diagnosis of Hodgkin lymphoma are an admixture of many
reactive cells, especially eosinophils; neoplastic cells with an
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appearance convincing for Reed-Sternberg cells and variants;
CD15 expression by tumor cells; diffuse bright CD30 expres-
sion by tumor cells; absence or weak, variable expression of B
cell antigens (CD20, CD79a) on tumor cells; dim Pax5 ex-
pression in tumor cells; and absence of CD45 on tumor cells.
In favor of mediastinal large B cell lymphoma are the presence
of diffuse, strong staining for CD45, pan B cell markers, Oct-
2, and BOB.1; absence of diffuse, bright CD30 expression on
neoplastic cells; absence of diffuse, bright CD15 on neoplastic
cells; and presence of at most a subset of neoplastic cells with
morphology resembling Reed-Sternberg cells and variants.
Tumor cells in mediastinal large B cell lymphoma typically
grow in sheets, with relatively few admixed reactive cells, but
if the biopsy is taken from the periphery of the lesion, there
may be an increased proportion of reactive cells, mainly small
T cells.

Rare patients have developed both mediastinal large B cell
lymphoma and CHL, synchronously or metachronously
(Fig. 3) [63]. The shared clinical and pathological features of
these two lymphomas suggest that they are related entities,
possibly sharing a common cell of origin and a similar
pathogenesis.

Primary mediastinal gray-zone lymphoma is another im-
portant entity in the differential of NSCHL. The term “primary
mediastinal gray-zone lymphoma” is used for cases of B cell
lymphoma, unclassifiable, with features intermediate between
diffuse large B cell lymphoma (in particular, primary medias-
tinal large B cell lymphoma) and CHL arising in the medias-
tinum [64]. As can be concluded by this designation, subclas-
sification of these cases is often problematic [11, 63, 65].
Tumor cells are usually abundant, often growing in sheets.
Neoplastic cells are large and atypical and often resemble
Reed-Sternberg cells and mononuclear variants, including
lacunar cells. Some cases have a component of neoplastic
cells with the appearance of centroblasts and immunoblasts.
The appearance of the neoplastic cells can vary from one area
of the tumor to another. Reactive cells are less abundant than
in the usual case of NSCHL, but cells present may include
small lymphocytes, histiocytes, and even eosinophils. Necro-
sis, when present, does not contain neutrophils, in contrast to
CHL. Associated fibrosis is common; it may be diffuse,
irregular, or band-like [64]. The immunophenotype typically
overlaps with that found in CHL, but with better preservation
ofthe B cell differentiation program than usually seen in CHL.
Thus, neoplastic cells are often CD30+ and CD15+, with
CD45, CD20, Pax5, Oct-2, and BOB.1 also often expressed.
ALK and immunoglobulin, by definition, are not expressed.
Epstein-Barr virus (EBV) is reported as present using in situ
hybridization for EBER in 20 % of all B cell lymphoma,
unclassifiable, with features intermediate between diffuse
large B cell lymphoma and CHL [64]; however, in mediastinal
gray-zone lymphomas, EBV is typically absent. It is possible
that at least some EBV+ large cell lymphomas previously

designated as gray-zone lymphomas would be better
subclassified as EBV+ diffuse large B cell lymphoma of the
elderly.

Mediastinal gray-zone lymphoma tends to behave in an
aggressive manner, and the best therapy remains to be identi-
fied [11, 66, 67].

Mixed cellularity classical Hodgkin lymphoma

Mixed cellularity classical Hodgkin lymphoma (MCCHL)
accounts for 20 to 25 % of cases of Hodgkin lymphoma. It
is more frequent in developing countries and in HIV-positive
patients. This disorder may affect patients of any age, but in
developed countries, it is most common in older adults. Char-
acteristically, there are frequent classic Reed-Sternberg cells
and variants in a background that may include irregular coarse
or fine interstitial fibrosis without fibrous band formation and
an admixture of a variety of different types of reactive cells.
This is the type of Hodgkin lymphoma most strongly associ-
ated with the presence of EBV. The majority of cases are
positive for EBV [68].

Lymphocyte-rich classical Hodgkin lymphoma

Lymphocyte-rich classical Hodgkin lymphoma (LRCHL) ac-
counts for 5 % of all cases of Hodgkin lymphoma. Males are
affected more often than females. Patients have localized
disease generally involving peripheral lymph nodes without
bulky disease or B symptoms. Histologic examination reveals
a nodular or less often a diffuse growth. In the nodular type,
the nodules typically consist of follicles with expanded man-
tles, sometimes with remnants of follicle centers. The follicle
centers may be small and hyalinized. Neoplastic cells are
scattered in the interfollicular region and within the expanded
mantles of the follicles. The background consists almost ex-
clusively of lymphocytes and histiocytes.

The main entity in the differential diagnosis of LRCHL,
because of the nodular pattern and monotonous background
population, is NLPHL. Follicle centers within cellular nodules
are less commonly found in NLPHL than in LRCHL. The
morphology and immunophenotype of the neoplastic cells are
more like those of CHL than those of NLPHL [13, 69]. In one
study comparing LRCHL with NLPHL and other types of
CHL, however, the authors observed more frequent expres-
sion of CD20, bcl6, Oct-2, and BOB.1 in LRCHL than in
other CHL. Expression of MUM1/IRF4 was more common
and expression of CD20, bcl6, Oct-2, and BOB.1+ less com-
mon in LRCHL than in NLPHL. PD1+ CD57+ T cell rosettes
were found in some cases of LRCHL, but less often than in
NLPHL. The authors concluded that LRCHL had features
intermediate between other types of CHL and NLPHL [28].
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Lymphocyte-depleted classical Hodgkin lymphoma

Lymphocyte-depleted classical Hodgkin lymphoma
(LDCHL) is the least common type of Hodgkin lymphoma,
accounting for <1 % of cases of Hodgkin lymphoma. It was
probably over-diagnosed in the past, but modern
immunophenotyping techniques have allowed us to recognize
that many cases so diagnosed were actually non-Hodgkin
lymphoma, in particular diffuse large B cell lymphoma and
anaplastic large cell lymphoma. This type of Hodgkin lym-
phoma tends to occur in older patients and HIV-positive
patients and in individuals in developing countries. Hodgkin
lymphoma of nodular sclerosis or mixed cellularity type at
relapse may resemble lymphocyte-depleted Hodgkin lympho-
ma. Patients have widespread disease in most cases; tradition-
ally, the disease is said to involve abdominal lymph nodes,
liver, spleen, and marrow, sometimes without peripheral
adenopathy, although in a study of eight cases of LDCHL
performed in our laboratory, most patients presented with
peripheral lymphadenopathy which was, in some cases, ac-
companied by more widespread disease [70]. The Reed-
Sternberg cells may have the typical morphology, or they
may have a bizarre sarcomatous appearance. Reactive cells
are proportionally decreased in number while fibrosis and
necrosis are often prominent. Immunophenotypic features
are similar to those of other types of CHL. In our study, all
four cases tested by whole section PCR showed clonal /IGH@
rearrangement, likely related to the large proportion of neo-
plastic cells [70]. Traditionally, a poor prognosis has been
associated with this type of Hodgkin lymphoma, but with
optimal therapy, the prognosis is similar to that of other
patients with Hodgkin lymphoma with same stage disease
[71].

Classical Hodgkin lymphoma: differential diagnosis

The differential diagnosis of CHL is broad (Table 3). When
reactive cells are abundant in cases of Hodgkin lymphoma, the
differential diagnosis includes reactive hyperplasia as well as
certain types of non-Hodgkin lymphoma. Perhaps the most
common entity in the differential diagnosis is non-specific
reactive hyperplasia with a component of immunoblasts. In
such cases, architectural preservation, lack of convincing
Reed-Sternberg cells, and lack of large lymphoid cells
expressing both CD15 and CD30 support a reactive process.
Of note, normal immunoblasts are often CD30+. In both
cytomegaloviral lymphadenitis and infectious mononucleosis,
there may be virus-infected large cells that closely resemble
Reed-Sternberg cells. However, the background is that of a
reactive lymph node without the effacement of the architecture
usually seen in Hodgkin lymphoma. In infectious mononucle-
osis, the background lymphoid component consists of lym-
phocytes that are rather polymorphous, with a range of size in
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contrast to the lymphocytes in Hodgkin lymphoma that are
nearly always uniformly small. Because Hodgkin lymphoma
can be associated with changes resembling Castleman disease
[72] and with granulomatous inflammation, lymph nodes
showing these changes should be examined carefully to be
certain that no Reed-Sternberg cells or variants are lurking in
and among the hyaline-vascular follicles and the granulomas.

Peripheral T cell lymphomas may occasionally contain a
population of Reed-Sternberg-like B cells. In such cases, the
Reed-Sternberg-like B cells usually harbor EBV and express
CD30 and sometimes, CD15 [73]. The most common T cell
lymphoma to mimic Hodgkin lymphoma in this manner is
angioimmunoblastic T cell lymphoma (AITL). AITL typically
has an admixture of reactive cells, including eosinophils and
plasma cells, and may mimic, in particular, MCCHL. Less
commonly, peripheral T cell lymphoma, NOS [74], and rarely
adult T cell leukemia/lymphoma (HTLV1+) [74, 75] contain
Reed-Sternberg-like B cells. Recently, cases of the follicular
variant of peripheral T cell lymphoma, NOS, which has a less
polymorphous composition, and may also contain EBV+
Reed-Sternberg-like B cells have been described that have
been mistaken initially for LRCHL [76]. Clues to the correct
diagnosis in such cases include clinical and pathological fea-
tures that would be unusual for CHL. In these T cell lympho-
mas, the neoplastic T cells are likely to be atypical, with
slightly enlarged, slightly irregular nuclei, in contrast to the
small, bland lymphocytes seen in Hodgkin lymphoma. How-
ever, neoplastic T cells may show only subtle atypia, and
careful study of well-prepared sections may be required to
detect morphologic abnormalities. Immunophenotyping with
immunohistochemistry or flow cytometry may be helpful in
detecting abnormal T cell populations. In addition, T cell
receptor gene rearrangement studies usually disclose a clonal
T cell population in T cell lymphomas, while clonal T cells are
nearly always absent in Hodgkin lymphoma. Unusual clinical
features such as widespread disease or involvement of
extranodal sites typically spared by Hodgkin lymphoma may
also raise suspicion that Hodgkin lymphoma is not the correct
diagnosis [76].

T cell/histiocyte-rich large B cell lymphoma can also be
considered in the differential diagnosis of CHL. The neoplas-
tic cells in T cell/histiocyte-rich large B cell lymphoma only
occasionally resemble Reed-Sternberg cells. They usually
more closely resemble centroblasts or immunoblasts. They
have the immunophenotype of B cells in that they express
CD20 and CD45 strongly and uniformly, in contrast to the
immunophenotype of the Reed-Sternberg cells in CHL. The
background population consists almost entirely of small lym-
phocytes with a variable number of admixed histiocytes, with
very few admixed plasma cells or granulocytes as is usually
seen in CHL. EBV is present in a subset of Hodgkin lympho-
ma but is typically absent in cases of T cell/histiocyte-rich
large B cell lymphoma, so that the presence of EBV would
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Table 3 Classical Hodgkin lymphoma: differential diagnosis

Diagnosis Problem

Clues to diagnosis

Reactive lymphoid hyperplasia
(RLH)

variants

Infectious mononucleosis (IM)
CD30+

Cytomegaloviral lymphadenitis

T cell/histiocyte-rich large B cell

lymphoma (THRBCL) mimic CHL, especially LRCHL

Mediastinal large B cell lymphoma
(MLBCL) [55-60]

variant)

Mediastinal gray-zone lymphoma
(MGZL) [63, 64]

all be expressed)
Anaplastic large cell lymphoma
(ALCL)

Peripheral T cell lymphoma (PTCL) Some PTCLs, especially angioimmunoblastic TCL,
contain non-neoplastic EBV+ large B cells that re-
semble RS cells. If atypia of neoplastic T cells is

with EBV+ large B cells [73-76]

subtle, they may mimic CHL
Lymph nodal involvement by
primary cutaneous CD30+ T cell
lymphoproliferative disorders
[79]

Paracortical hyperplasia may have CD30+
immunoblasts in a mixed background of smaller
cells; immunoblasts may mimic mononuclear RS

CM V-infected cells may resemble RS cells

Large atypical cells in a reactive background may

MGZL is composed of numerous large atypical cells
with morphology overlapping with NSCHL
(especially the syncytial variant) and MLBCL;
immunophenotype may be intermediate between that
of CHL and DLBCL (CD20, CD30, and CD15 may

The CD30+ neoplastic cells of ALCL may have
morphology mimicking RS cells and variants

Architecture may be distorted but is not obliterated in
RLH

Convincing RS cells are not seen

Immunoblasts are usually CD20+, CD15—, and may
express polytypic Ig light chain

EBV+ cells in IM may resemble RS cells and are often Architecture is distorted but not obliterated in IM

EBV-infected cells are typically CD20+, CD15—

CMV+ cells are typically present in a background of
florid follicular and monocytoid B cell hyperplasia
not resembling CHL

Large cells in THRBCL are typically CD20+, bel6+,
CD15-, CD30-, and EBV—; this immunophenotype
excludes CHL

Neoplastic cells of MLBCL have morphology that may Tumor cells in MLBCL typically do not all resemble RS
overlap with RS cells and variants and may express
CD30, mimicking NSCHL (especially the syncytial

cells and variants, and CD30 expression, when
present, is usually partial

Tumor cells in MLBCL are typically CD20+, CD45+,
CD15— (or dot-like), Oct2+, Bobl+, and EBV—, in
contrast to CHL

Eosinophils are typically absent in MLBCL, but
common in CHL

Establishing a diagnosis can be difficult. MGZL is a
possibility if there are morphologic and
immunophenotypic features intermediate between
CHL and DLBCL or there are a combination of those
of CHL and DLBCL

In favor of ALCL are sheet-like growth of tumor cells,
sinus involvement, presence of hallmark cells, T
antigen expression, expression of ALK, and absence
of Pax5

EBV+ tumor cells exclude ALCL
Clonal T cell population favors ALCL

Presence of some cytologic atypia or abnormal
immunophenotype among T cells, or a clonal T cell
population by PCR favors PTCL

Morphology may mimic CHL; CD30+ T cells may co- Expression of T cell antigens and lack of Pax5
express CD15, further mimicking CHL

expression by CD30+ cells, presence of clonal T cell
population by PCR, history of CD30+ cutaneous
lymphoma, presence of same clonal T cell
rearrangement in skin and lymph node would all
favor nodal involvement by CD30+ lymphoma
arising in skin over CHL

serve as evidence against a diagnosis of T cell/histiocyte-rich
large B cell lymphoma [29, 77, 78].

When there is spread of certain primary cutaneous T cell
lymphoproliferative disorders to lymph nodes, the appearance
can closely mimic CHL, including expression of CD30, and
often also CD15 by large atypical cells resembling Reed-
Sternberg cells and mononuclear variants within the lymph
node [79]. Clues to the diagnosis include history of cutaneous
lymphoproliferative disorder (mycosis fungoides [especially
with histologic progression/large cell transformation] or

primary cutaneous CD30+ T cell lymphoproliferative disorder),
lack of Pax5 expression by Reed-Sternberg-like cells, absence
of EBYV, presence of a clonal T cell population by PCR, and
presence of the same T cell clone in lymph node and skin.
The differential diagnosis of cases of Hodgkin lymphoma
with abundant neoplastic cells includes carcinoma, particularly
well-differentiated thymic carcinoma in cases involving the
mediastinum, melanoma, diffuse large B cell lymphoma, espe-
cially mediastinal large B cell lymphoma (see above), and
anaplastic large cell lymphoma. On histologic examination, in
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favor of Hodgkin lymphoma would be the finding of neoplastic
cells with convincing morphology for Reed-Sternberg cells and
the finding of areas with an admixture of reactive cells charac-
teristic of Hodgkin lymphoma. If a confident diagnosis cannot
be made on histologic grounds, immunophenotyping can be
extremely helpful. Carcinomas and thymic tumors express
keratin. Thymic tumors may have T cells in the background
with an immature immunophenotype (CDla+ and TdT+).
Melanomas express S-100, HMB45, and MART 1. Mediastinal
large B cell lymphoma and other large B cell lymphomas are
positive for B antigens and the leukocyte common antigen. In
anaplastic large cell lymphoma, a predominance of tumor cells
and, in lymph nodes, sinusoidal growth, are more frequent than
in Hodgkin lymphoma. Hodgkin lymphoma lacks the hallmark
cells that are characteristic of anaplastic large cell lymphoma.
Anaplastic large cell lymphoma, like Hodgkin lymphoma, is
CD30+, but CD15 is less often expressed. CD45, one or more
T cell antigens, and EMA are usually expressed in contrast to
Hodgkin lymphoma. A subset of anaplastic large cell lympho-
mas is ALK-positive, while Hodgkin lymphoma is ALK-neg-
ative. Cytogenetic analysis reveals t(2;5) involving ALK and
NPM in most ALK+ anaplastic large cell lymphomas. Ana-
plastic large cell lymphomas lack EBV; clonal T cell receptor
gene rearrangement can typically be demonstrated in ALK+
anaplastic large cell lymphoma.
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