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Abstract

In most cases of classical Hodgkin lymphoma
(HL), the neoplastic cells are derived from
mature B lymphocytes at the germinal center
stage of differentiation. The WHO classifica-
tion  separates nodular  lymphocyte-
predominant HL from classical HL, the latter
subdivided into nodular sclerosis classical
HL, lymphocyte-rich classical HL, mixed cel-
lularity classical HL, and lymphocyte-
depleted classical HL. All these forms of HL
can occur in the hepatobiliary tract, either as
rare primary lesions or as secondary manifes-
tations of HL primarily located elsewhere. HL
in the liver presents as one of several pheno-
types, including miliary lesions, solitary or
multiple nodular lesions, large masses, and
rare diffuse patterns of involvement. In addi-
tion, HL can involve bile ducts and liver-
associated lymph nodes with subsequent bili-
ary obstruction mimicking primary bile duct
cancer. The histologic presentation of
hepatobiliary HD is the same as that in other
organs. HL can be associated with several
nonneoplastic hepatic alterations. These
include a distinct type of vanishing small
bile duct disease, granulomatous hepatitis,
sclerosing cholangitis, and sinusoidal ectasias
mimicking hepatic peliosis.

Introduction

Hodgkin lymphomas (HL) form a group of malig-
nant lymphoproliferative disorders based on a
neoplastic expansion mostly of a distinct type of
B cells. In more than 98 % of classical HL, the
neoplastic cells are derived from mature B cells at
the germinal center stage of differentiation. HL
presents in the form of several well-defined phe-
notypes that have an impact on the biology of
disease. The principal clinical histologic features,
their impact on the natural history of HL, and
etiologic issues of HL have been elucidated and
reviewed in detail. An outline referring to the
history of the HL concept is added at the end of
the chapter.
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Table 1 2008 WHO histological classification
of Hodgkin lymphoma
ICD-O
code
Nodular lymphocyte- (NLPHL) |9659/3
predominant Hodgkin
lymphoma
Classical Hodgkin lymphoma (CHL) 9650/3
Nodular sclerosis classical (NSHL) 9663/3
Hodgkin lymphoma
Lymphocyte-rich classical (LRCHL) |9651/3
Hodgkin lymphoma
Mixed cellularity classical (MCHL) 9652/3
Hodgkin lymphoma
Lymphocyte-depleted (LDHL) 9653/3

classical Hodgkin lymphoma

Selected References (Ziegler 1911; Favre and
Croizat 1933; Jackson and Parker 1947; Harrison
1952; Lukes and Butler 1966; Lukes et al. 1966;
Cross 1969; Lukes 1971; Jaffe et al. 2001;
Thomas et al. 2004; Kiippers and Hansmann
2005; Re et al. 2005; Schmitz et al. 2009; Smith
2010; Hjalgrim 2012; Kiippers et al. 2012;
Carbone et al. 2013; Gobbi et al. 2013; Ansell
2014).

The WHO histological classification of HL is
shown in Table 1.

Epidemiology

HL accounts for 25-40 % of all lymphomas
developing in Caucasians (much rarer in Orientals
and persons from underdeveloped countries), with
one peak of occurrence in the second to third
decades and another in the sixth decade
(Nakatsuka and Aozasa 2006). Involvement of
the pediatric age group has been recognized
early (von Hiittenbrenner 1871; Hiibener 1893)
and is an important manifestation of HF. The prev-
alences of the diverse subtypes of HL differ con-
siderably. NLPHL accounts for approximately
5 % of all HL, patients being predominantly
male and in the 3050 years age group. Classical
HL accounts for 95 % of all cases and hence is the
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main form of HL. Classical HL shows a bimodal
age distribution in Western countries, with a first
peak at 15-35 years of age and a second peak in
late life. NSCHL, the dominant subtype of classi-
cal HL, accounts for about 70 % of classical HL in
Europe and North America and is more often
encountered in resource-rich areas than in
resource-poor areas. The incidence of NSCHL is
similar in males and females and has its peak at
15-34 years of age. LRCHL is rare and comprises
about 5 % of all classical HL. The majority of
patients are male, with a higher age than in other
forms of classical HL. MCCHL accounts for
20-25 % of classical HL and is more frequent in
HIV-infected individuals and in developing coun-
tries. Seventy percent of the patients are male,
with a mean age at diagnosis of 38 years.
LDCHL forms the rarest subtype of classical
HL, accounting for less than 1 % of cases in
Western countries. Up to 75 % are male, with a
median age at diagnosis of 30-37 years. LDCHL
is often associated with HIV and is more often
found in developing countries.

Epstein-Barr virus (EBV) infection has been
associated with an increased risk of HL chiefly in
young adults, based on the growing amount of
evidence (Hjalgrim et al. 2003). The presence of
EBV had a beneficial effect on the length of
failure-free survival of patients with classical HL
(Krugmann et al. 2003). Classical HL is a rare
complication after solid organ transplantation
(Hood et al. 1996). Lymphomas resembling HK
developing after posttransplant lymphoproli-
ferative disorder (“Hodgkin-like PTLD”) have
been reported (Stern et al. 2005). The relationship
between bona fide posttransplant HL and the
intriguing HL-like posttransplant disorders is not
yet clarified.

Liver Involvement in Hodgkin
Lymphoma

Introduction

Thomas Hodgkin described liver involvement

incidentally (Hodgkin 1832); but in a critical anal-
ysis of Hodgkin’s original cases, the diagnosis of
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HL involving the liver was accepted in only two
cases (Fox 1936). Wilks noted hepatic involve-
ment in 7 of his 13 cases (Wilks 1865). Manifes-
tations of HL, albeit in a highly variable spectrum
of patterns, were later reported and discussed
many times.

Selected References (Murchison 1869; Barié
1875; Brauneck 1889; Reed 1902; Longcope
1903; Fabian 1911; Ziegler 1911; Rolleston
1912; Barron 1926; Coronini 1928; Gruber
1930; Chevallier and Bernard 1932; Foulon
1932; Hartfall 1932; Wallhauser 1933; Sternberg
1936; Baker and Mann 1939; Goldman 1940;
Symmers 1944; Jackson and Parker 1944a, b;
Newman and Pushkin 1951; Beatty 1954; Klein
1955; Levitan et al. 1961; Skovsgaard et al. 1982).

Liver involvement is uncommon in HL in early
disease, but the incidence increases in the
advanced phases of disease, becoming as high as
70 % in certain series (detailed review of the old
literature, Wallhauser 1933; Givler et al. 1971;
Bagley et al. 1973). In a study of 74 cases, the
duration from diagnosis of HL to clinical evidence
of liver abnormalities was 1-6 months in 23 %,
7—-12 months in 10.8 %, 13—18 months in 10.8 %,
and 19-24 months in 12.2 % and was then slowly
decreasing as a function of time (Levitan
et al. 1961). These data markedly depend on the
clinical features, the patterns of liver involvement,
and the choice of techniques for assessing liver
involvement (radiology, peritoneoscopy, hepatic
needle biopsy, autopsy). Direct hepatic involve-
ment in visceral Hl is a frequent event (Cowan and
Trounce 1973; Diebold and Temmim 1980;
Urbano-Marquez et al. 1981; Kiewe et al. 2004)
and may be the presenting manifestation of HL
(Trewby et al. 1979). It seems that there is a
correlation between splenic involvement and HL
manifestations in the liver: The risk of hepatic
involvement correlates closely with splenic
involvement (Colby et al. 1981), and generally
the liver is not involved when the spleen is not
tumoral. In a study of 250 exploratory laparoto-
mies for HL, hepatic tumoral localizations were
disclosed by liver biopsies in 16 % of the patients
with splenic involvement (Diebold and Temmim



1544

1980). There are, however, exceptions to this
“rule” where the liver has shown manifestations
of HL in the absence of splenic involvement
(Glatstein et al. 1969; Aisenberg 1971; Farrer-
Brown et al. 1971; Piro et al. 1972; Michel
et al. 1973; Spinelli et al. 1975; Fialk et al. 1979;
Sulkes et al. 1979; Gordon et al. 1984). Among
472 liver biopsies performed within a large inves-
tigation, 11 biopsies from 10 patients (2.4 %) had
infiltrates consisting of Reed-Sternberg cells and
abnormal histiocytoid cells against the character-
istic background of lymphocytes together with
neutrophil and  eosinophil  granulocytes
(Skovsgaard et al. 1982). In an autopsy study of
57 cases of malignant lymphoma, hepatic
involvement was demonstrated in 67 % of HL
versus 56 % in NHL (Okazaki et al. 1985). In
another investigation of 112 consecutive patients
with malignant lymphoma, hepatic lymphoma-
tous involvement was found more frequently in
NHL (16 %) than in HL (8 %) (Sans et al. 1998).

Involvement of the liver by HL often results in
hepatomegaly. Hepatomegaly was observed clin-
ically from 2.3 % to 80 % in a series reported
before the modern treatment strategies of HL
(Murray 1908; Burnam 1926; Uddstromer 1934;
Baker und Mann 1939; Goldman 1940; Levitan
et al. 1961; Biemer 1984). In a large study of
875 patients with HL, 32.5 % had hepatomegaly,
and out of the 122/875 patients autopsied, hepa-
tomegaly amounted to 79.6 % (Levitan
et al. 1961). There are differences of opinion
regarding the onset of hepatomegaly, some
describing it as a sign of the terminal stages of
disease (Ackerman and del Regato 1954),
whereas others described hepatomegaly as a
presenting feature, using the terms ... forme
hépatique et forme hépatosplénomégalique de la
maladie de Hodgkin” (“hepatic form and
hepatosplenomegalic forms”; Péne 1952; Péne
et al. 1955). Considering all types of HL, hepato-
megaly seems to be infrequent in early HL and,
when present, may represent a nonspecific reac-
tive phenomenon (Biemer 1984). It is more fre-
quently observed in LDCHL (Neiman
et al. 1973). Some authors, basing their judgment
on autopsy material primarily, claimed that
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hepatic involvement with organomegaly is a late
manifestation of HL (Péne et al. 1955). In later
phases of the disease, hepatomegaly can reflect
direct, primary or secondary, organ involvement
(Chim et al. 2000). Among 308 patients with HL
analyzed in a more recent study, hepatomegaly
was registered in 34, was more frequently encoun-
tered in stages III and I'V versus I/Il, and was more
frequent in MCCHL and LDCHL than in LPCHL
and NSCHL (Brinckmeyer et al. 1982).

Hepatic HL can be associated with jaundice
and cholestasis. For example, in a study of
421 patients with HL presenting as a cholestatic
febrile illness, 7.4 % of liver involvement was
found (Cervantes et al. 1996). A icteric/cholestatic
complication of HL has already been described in
the end-nineteenth century and then in the 20th
century (Brauneck 1889; Peiser 1913; Beatty
1954; Mac-Clure et al. 1959; Levitan et al. 1961;
Bouroncle et al. 1962; Casirola and Dionigi 1966;
Bombara et al. 1970; Barge and Potet 1971;
Matsko and Zhukovets 1971; Perera et al. 1974;
Piken et al. 1979; Liebermann 1986; Birrer and
Young 1987; Marinone et al. 1989; Jansen and
van der Lelie 1994; Warner and Whitcomb 1994,
Cervantes et al. 1996; Yalcin et al. 1999; Gupta
et al. 2002; Opeskin et al. 2003; Omidvari
et al. 2004). Peiser described a patient with jaun-
dice and histologic demonstration of HL infiltra-
tion mainly of the portal tracts and suggested to
compress the small bile ducts as a mechanism of
cholestasis (Peiser 1913). Cholestatic hepatitis
may be mimicked in situations of massive hepatic
infiltration by HL tissue resulting in hepatic fail-
ure (Lefkowitch et al. 1985). Cholestasis in
patients with HL is sometimes caused by tumor-
ous obstruction of extrahepatic bile ducts, in part
also by enlarged perihilar or retroperitoneal lymph
nodes (Michalitschke 1919; Diessner und Heck
1958; Razemon et al. 1961; Juniper 1963; Justin-
Besangon et al. 1963; Sanbe and Shirato 1966;
McNulty 1971; Pariente et al. 1981; Martin
et al. 1992; Abe et al. 1997). Other causes of
jaundice and/or cholestasis in HL comprise hemo-
lysis, viral hepatitis, and drug toxicity. In the
absence of any direct liver involvement by HL, a
paraneoplastic cause of cholestasis has also been



Liver Involvement in Hodgkin Lymphoma

postulated (Jansen and van der Leite 1994). The
unique cholestatic syndrome caused by
intrahepatic ductopenia in HL is discussed in a
separate paragraph. HL can present as, or cause,
acute hepatic failure (Gunasekaran et al. 1992;
Weiner et al. 1994; Tornero et al. 1998;
Rowbotham et al. 1998; Vadillo Serrano
et al. 2002; Olnes et al. 2003; Vardarelli
et al. 2004; Woolf et al. 2008; Hong et al. 2010).
In part of these cases, hepatic insufficiency is
caused by massive infiltration of the organ by
HL (Tornero et al. 1998; Rowbotham et al. 1998;
Karmacharya et al. 2014). Fulminant hepatic fail-
ure in HL has been described to be a
paraneoplastic manifestation of HL (Dourakis
et al. 1999), albeit of unknown mechanism.

What Are the Criteria for Involvement
of the Liver in HL?

The involvement of the liver in HL is a key ele-
ment for the success of abdominal pathologic HL
staging for harvesting adequate liver samples,
including laparoscopy, laparotomy, and/or hepatic
needle biopsy, to date more and more assisted by
modern imaging techniques. However, liver
biopsy is still a standard in the assessment of
hepatic involvement by HL, provided a reliable
diagnosis can be done in a biopsy sample of the
liver. But, as seen in the data given below, the
highly variable figures of prevalence suggest,
among true variances of involvement, differing
types of criteria used to detect bona fide HL in
contrast to nonspecific accompanying lesions (see
below). Therefore, the question of suitable criteria
has been addressed in the literature. In a now
classical work by Lukes (1971), biopsies of the
liver obtained at laparotomy have revealed three
types of lesions: HL of nodular sclerosis, mixed,
diffuse fibrosis, and reticular types (in accordance
to the then employed nomenclature); the granulo-
mas of uncertain origin (described in more detail
in a later paragraph); and portal lymphocytic infil-
tration associated with proliferation of ductules,
also of uncertain origin. Expectedly, difficulties in
diagnosing HL mainly arise in small,
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microscopically detectable lesions. As empha-
sized by Lukes, the criteria for involvement in
case of small hepatic lesions are the same or
similar to those for small foci elsewhere. This
author proposed that the evidence of a discrete
lesion with features of one of the histologic
types is essential as well as conclusive evidence
of a Reed-Sternberg cell variant, although a diag-
nostic Reed-Sternberg cell is not required: a large,
abnormal mononuclear cell with a huge nucleolus
is an acceptable form. Lukes has it that particular
caution must be used in interpreting small portal
lymphocytic lesions in which there are a few
abnormal mononuclear cells (Lukes 1971). It is
advisable to perform numerous sections in order
to search for the target cells (Dich et al. 1989). In
case the large atypical cells are not evidence even
after multiple sections, but the infiltrate and the
configuration of the lesion nevertheless suggest
HL, we propose to denote such lesions, suspicious
of HL, not otherwise specified (NOS).

Selected References (Kadin et al. 1970; Givler
etal. 1971; Bagley et al. 1972; Kaplan et al. 1973;
Abt et al. 1974; Grieco and Cady 1980; Brown
etal. 1981; Martin et al. 1982; Jaffe 1987; Pittman
et al. 1988; Munker et al. 1995; Gupta et al. 1999;
Martinet et al. 2000; Lieberz et al. 2000; Rueffer
et al. 2003; van Spronsen and Veldhuis 2003);
review Carde 2003.

Primary Hodgkin Lymphoma
of the Liver

HL can develop as a primary extranodal disease
(Padhi et al. 2012), of which the liver manifesta-
tion is an uncommon variant. HL limited to the
liver has been rarely reported (Goia 1935;
Symmers 1944; Guemes Diaz 1965; Gascard
et al. 1970; Khapat’ko and Shestakova 1983;
Zaman et al. 1991; Chim et al. 2000; Yokomori
et al. 2008; Gota et al. 2009). Based on the bio-
logic nature of HL, it is difficult to distinguish
between a putative origin of HL primary to the
liver in comparison with a secondary hepatic man-
ifestation of HL originating elsewhere.
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Macroscopic Features of the Liver

in Hepatic HL Involvement

There have been attempts to classify the hepatic
manifestations of HL. Coronini, Gruber, and
Foulon distinguished the following types of
hepatic involvement by HL: (1) capsular, (2) nod-
ular or granulomatous lesions localized to the
portal triad, (3) diffuse, and (4) encroachment
upon or invasion of blood vessels (Coronini
1928; Gruber 1930; Foulon 1932).

Hepatic Nodular Manifestations of HL

Nodular involvement is manifest at laparoscopy
in the form of white liver spots or nodules (Sans
et al. 1998), and the nodular growth pattern is also
grossly recognized in larger biopsy specimens
(Fialk et al. 1979). In an autopsy study of HL
and NHL patients, intrahepatic nodular lesions
over 1 cm in diameter were macroscopically iden-
tified in 33 % of patients with HL, more frequent
than in patients with NHL (22 %; Okazaki
et al. 1985). In nodular hepatic HL,
hypoechogenic foci have been observed, proved
by biopsy to consist of HL tissue (Marjanska-
Radziszewska et al. 1996). The macroscopically
detectable lesions range in size from miliary foci
to large nodules. The miliary pattern is character-
ized by tiny round lesions of gray to white color
(Fraenkel and Much 1910a), easy to be con-
founded with granulomas. They may be grouped
around intrahepatic bile ducts (Peiser 1913).
When being cut, they are, however, more consis-
tent than granulomas, and caseification is usually
not seen in these small lesions. Similar to the
spleen, these small lesions may reveal a charac-
teristic bright color on a darker background,
resulting in what has been called a “quartz splinter
on granite” pattern (Dietrich 1908). These tiny
nodules may grow to numerous, frequently very
firm pea-sized lesions, sometimes with ill-defined
borders (v. Hiittenbrenner 1871). Larger hepatic
nodules may be solitary lesions, reaching up to
5 cm in diameter (Yamasaki 1904), or multiple
(Sternberg 1898; Fabian 1911; Meyer 1911; Stahr
and Synwoldt 1922; Barge and Potet 1971) and
may then resemble metastases of other tumors
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(Peiser 1913; Russell 1914; Chim et al. 2000),
all the more so as, in case they are located in
peripheral parts of the liver, they may show a
shallow central concavity (Barge and Potet
1971) or, rarely, typical umbilication (Fabian
1911). The coarse nodular manifestations of HL
in the liver, resulting in markedly prominent nod-
ular masses, were already recognized by
Langhans (Langhans 1872), but intrahepatic
tumorous manifestations in HL in progressive,
and particularly non- or inadequately treated, dis-
ease are highly variegated.

This polymorphous gross picture is illustrated
by an autopsy case of non-treated patient with HL,
documented by Dr. Greenfield in 1876, showing
the complex gross features of liver manifestations
in this disease:

On its (the liver’s) surface were seen a number of
irregular, somewhat prominent patches, either sin-
gle or made up of a number of clustered nodules of
small size, with surrounding injection. On sections
these were found to be irregular infiltrating masses
of new growth, which appeared to have become
caseous. In addition to these nodules there were
very marked thickeling and infiltration of the tela
conjunctiva of the portal vein and bile ducts,
extending into the liver; and here there were seen
small patches or irregularly ramified infiltration of
translucent, waxy-yellowish colour, apparently
starting at the periphery of the lobules, these, with
the caseous masses before described, being the most
evident morbid appearances. (Greenfield 1876)

On the cut surface, medium-sized or large
nodules are usually well delineated and exhibit
a grayish-white, homogeneous, or spotted tissue,
sometimes with central necrosis or hemorrhage
(Russell 1914) resulting in a grossly visible cen-
tral concavity (Barge and Potet 1971). Large
nodules may be accompanied by much smaller
but still grossly detectable foci, a part of which
are located to the portal tracts. The large nodules
may show a hyperemic and/or hemorrhagic rim
of red-blue color (Meyer 1911). In HL lesions of
high cellularity, the cut surface is pale gray to
gray-red, said to resemble fish meat, and typi-
cally bulges (protuberant nodules of Sternberg;
Sternberg 1913), whereas sclerosing forms of HL
rather reveal a flat and firm cut surface of whitish
color.
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In case of marked sclerosis, the cut surface has
been described to be “dry,” and in such situations,
the cut surface also reveals furrows and septa
dividing the nodule into “acinar-like” compart-
ments (Langhans 1872) or structures resembling
“pseudolobules” (so-called secondary tuberculi-
nization; Gilbert and Weil 1900). Intrahepatic
septa-like structures have already been described
by Masson and thought to follow the geometry of
the portal fields (“on constate que le foie est
parcouru par des trainées fibreuses irrégulieres
qui suivent les bandelettes porte” [“one notes that
the liver is traversed by irregular fibrous tracts
following the portal fields”]; Masson 1956).
Other reports described that the firm linear
lesions, or lesions like beads-on-a-string, seemed
to follow the geometry of the intrahepatic bile
ducts (Meyer 1911).

Oold autopsy reports from the
pre-chemotherapy period specify that HL masses
in the liver are first smooth and elastic to become
more and more firm with time, until the lesions
may be very hard (the “hard lymphosarcoma”),
producing a screeching sound when being cut
with the knife (v. Hiittenbrenner 1871). In case
of advanced fibrosclerosis of nodular lesions,
these have been reported to resemble syphilitic
gummas macroscopically (Jackson and Parker
1944b). This apparent evolution of the lesions,
also reported several times in the old literature to
occur in lymph nodes and other organs in Hodg-
kin disease not modified by therapy, is of interest
insofar, as sclerosis, now regarded as a subtype of
HL, may be part of the natural development of
disease (“period of sclerosis”; Masson 1956). Par-
ticularly in larger nodules, necrosis may be seen
with the naked eye, resulting in yellow-gray or
dirty-looking, opaque masses. Dry granular
necroses sometimes reminiscent of a caseification
necrosis may be encountered and have been
reported to form an arborizing network or a geo-
graphic pattern (Kaufmann 1909). Rarely, lardous
necrotic lesions resembling those in the Hodgkin
spleen are seen. The “red porphyry” appearance
seen in the spleen involved by HL is not observed
in the liver, owing to its different histologic archi-
tecture and composition. In lymphocyte-depleted
HL, grayish and sometimes numerous nodules are
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seen scattered throughout the liver (Jackson and
Parker 1944Db).

Some presentation forms of hepatic HL are
characterized by macroscopically yellow lesions
caused by a complex mixture of infiltration,
necrosis, and accumulation of lipid-laden mac-
rophages (xanthomatous/xanthomatoid reac-
tion). The lesions may present as miliary
hepatic micronodules of brown-yellow color
(Fraenkel and Much 1910b). One may encounter
focal circumscribed cream-colored lesions or
yellow streaks along the course of the portal
areas (Jackson and Parker 1944b), likely to
reflect a distinct pattern of spread of the disease.
In case of a xanthomatoid/xanthogranulomatous
reaction (accumulation of lipid-laden macro-
phages), yellow flecks are seen within the nod-
ules or around the nodules in a yellow crescent-
like structure, already recognized in other organs
in the older literature (Dietrich 1908). This pre-
sentation may be modified by hemorrhagic spots
or a focal brown discoloration owing to deposi-
tion of iron pigment, particularly after treatment.
Rarely, the nodules show a greenish hue due to
leakage of bile into the lesions. Superficially
placed lesions may form confluent beds of coa-
lescing nodules, thus forming plaque-like
multinodular tumors that may occupy large
areas of the capsular liver surface. The lesions
may extend along the lymphatic drainage of the
hepatic ligaments in a beads-on-a-string pattern,
especially in the region of the round ligament.
Although most of nodules have a spheroid
shape, lesions with a streak-like or stellate mor-
phology also occur (Hauck 1918; Kaufmann
1922). From the periphery of such nodules, fur-
rows are seen to traverse the adjacent capsule of
the liver, probably representing tissue retraction
due to scarring. In addition, there may be streaky
and in part arborizing lesions seen from the cap-
sular surface of the organ (Sternberg 1913) or
inside the organ, where they encircle atrophic
parts of the lobular hepatic parenchyma
(Langhans 1872). It has been suggested that
grossly visible arborizing lesions may take their
origin from the connective tissue sheath of portal
and/or hepatic venous branches (Langhans
1872).
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Diffuse Infiltration of the Liver

In contrast to miliary or macronodular forms, a
diffuse pattern of liver infiltration by HL cells is a
rare but severe form of disease that can cause fatal
hepatic failure (Karmacharya et al. 2014).

Hepatic Capsular Manifestations of HL

These are rare lesions but have already been
documented in old autopsy studies (Meyer
1911). In an autopsy study of 112 cases, an exclu-
sively capsular manifestation was found in 2 cases
only (Levitan et al. 1961).

Histopathology of Hepatic HL

The reliable diagnosis of HL in a liver biopsy is
frequently difficult owing to the small sample size
and the scarcity of diagnostic Reed-Sternberg
cells and their variants (Gupta et al. 1999). It
has, however, been emphasized that a primary
diagnosis of HL involving the liver should only
be made if diagnostic Reed-Sternberg cells are
seen (Jaffe 1987), because nonspecific infiltrates
are found in approximately 50 % of liver biopsies
from patients with HL (Leslie and Colby 1984). If
only a so-called inflammatory component is seen,
the liver should not be considered to be involved
with HL (Jaffe 1987).

Miliary Lesions

The miliary pattern of HL in the liver is histolog-
ically characterized by one of several types of
lesions. Frequently, one notes collections
consisting of atypical histiocytoid cells with
prominent nucleoli, surrounded by small lympho-
cytes, in the absence of bona fide RS cells. The
diagnostic significance of such lesions is ques-
tionable but has been proposed as being consistent
with HL, provided that diagnostic evidence of the
disease is present elsewhere (Kadin et al. 1971). In
addition, small hepatic manifestations of HL may
frequently defy classification of HL, even in cases
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where marked fibrosis suggesting nodular sclero-
sis is present. In a study of 51 untreated patients
with HL, laparotomy staging revealed small foci
of HL in liver biopsies of 9 patients. These lesions
were largely confined to portal tracts and only
rarely contained typical RS cells; they were regis-
tered as “unclassified” Hodgkin lesions (Kadin
et al. 1971). Submiliary lesions, usually not
detectable with the naked eye, are usually between
100 and 200 mm in size (Skovsgaard et al. 1982).
Mixed portal tract infiltrates containing variable
numbers of Reed-Sternberg cells and eosinophils
are observed (Kiewe et al. 2004).

Portal Tract Infiltration

Portal tract involvement is rather typical for
microscopic hepatic manifestations of HL and
is characterized by an infiltration of the portal
tract spaces by lymphocytes, atypical large
mononuclear (nondiagnostic) cells, and diagnos-
tic Reed-Sternberg cells (Chim et al. 2000), the
pattern of the diagnostic cells depending on the
type of HL. The HL tissue may extend from the
portal tracts to the parenchyma of zone 1 (Davey
and Doyle 1973). The lesions may then grow to
a size to be recognized macroscopically as
miliary-like micronodules (Peiser 1913). They
can be associated with hepatocyte atrophy or
necrosis, hepatocyte necrosis being found in up
to 90 % in some studies (Davey and Doyle
1973) and the formation of lesions resembling
interface lesions seen in active chronic hepatitis.
Reed-Sternberg cells are capable to invade the
parenchyma in these destructive lesions. As the
lesions progress, the expanding infiltrates in the
involved portal tracts may grow to the next
portal tract, thus forming what may be called
“lymphomatous bridging,” and these lesions
then become confluent and form larger tumor
nodules (Davey and Doyle 1973). The portal
tract infiltrate is sometimes accompanied by
fibrosis, not only in NSHL lesions. However, a
marked fibrosclerotic reaction in the portal triads
seems to be more frequent and more prominent
in hepatic NSHL. A contribution of eosinophils
is regularly seen, also in the interface lesions,
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but the density of eosinophil infiltrates is highly
variable.

In the absence of diagnostic Reed-Sternberg
cells, the combination of lymphocytes, eosino-
phils, and large atypical nondiagnostic cells in
portal tracts should raise the suspicion of involve-
ment by HL. Immunostaining for Reed-Sternberg
cell markers may be helpful in these situations in
order to uncover cells that are not easily identifi-
able in H&E sections. In some cases, several foci
of HL are arranged in the portal tracts in the form
of ductocentric, ringlike, or crescent-like struc-
tures that may compress the ducts (Peiser 1913;
Coronini 1928). These ductocentric nodules may,
in the larger intrahepatic ducts, be associated with
fibrosis, resulting in a thick sheath encircling the
ducts (Meyer 1911), somewhat resembling
advanced primary sclerosing cholangitis. It has
been suggested that portal tract infiltrates appar-
ently encroaching upon small, interlobular bile
ducts may cause cholestasis/jaundice (Peiser
1913), sometimes even with a clinical presenta-
tion simulating acute cholestatic hepatitis
(Marinone et al. 1989). Old observation showed
that small interlobular bile ducts embedded in HL
tissue of portal tracts may resist destruction for
longer time periods, epithelial necrosis being
rather uncommon (Coronini 1928). Longer-
standing involvement of the liver by HL may
result in fibrosis of the liver (Mignot et al. 1979).

Nodular Hepatic Lesions of HF

Nodular hepatic lesions histologically consist of
dense infiltrates of lymphocytes, macrophages,
eosinophils, Hodgkin/Reed-Sternberg cells, and
Sternberg giant cells (Figs. 1, 2, 3, 4, and 5).
There is recent evidence that giant cells in HL
originate from mononucleated progenitors that
divide and subsequently re-fuse (Rengstl
et al. 2014). Plasma cells and mast cells may
also be encountered in the infiltrate. The nodules
may coalesce to conglomerates, thus effacing the
liver architecture at these places. The cellularity of
larger HL nodules is highly variegated, cellular
areas and hypocellular, fibrosclerotic areas chang-
ing from one place to the other, sometimes

Fig. 1 Liver involvement in Hodgkin disease. A nodule
consists of a mixed population of cells, with some large and
atypical forms (needle biopsy; hematoxylin and eosin
stain)

. .. .' ST B
4 : , », | J .Q‘
. - . s A A
: LR <
1075 ‘!e_’:-.w"?."r b .s/". .
Fig. 2 Hodgkin lymphoma in the liver, mixed cellularity.
Within a lymphocytic infiltrate, numerous Hodgkin cells

are noted. The nodule is limited by slight fibrosis (hema-
toxylin and eosin stain)

interspersed with necroses containing nuclear
debris (Russell 1914). Larger nodules are some-
times accompanied by miliary or submiliary foci
of HL in their vicinity or may be connected by
lymphoma tissue to infiltrated or non-infiltrated
portal tracts. In the latter situation, a septal type of
fibrosis may ensue, in particular in the nodular
sclerosis variant of HL. Large HL nodules some-
times show few lymphocytes in their center,
whereas dense lymphocytic infiltrations are seen
at their periphery, mainly around small blood ves-
sels (Russell 1914). Large nodules may integrate
intrahepatic bile ducts, the contour of the ducts
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Fig. 3 Hodgkin lymphoma in the liver. Numerous Hodg-
kin cells and Reed-Sternberg cells are observed (hematox-
ylin and eosin stain)

Fig.4 Hodgkin lymphoma in the liver. In this case, Stern-
berg giant cells are found (left half of figure; hematoxylin
and eosin stain)

being visible for some time, ending up with atro-
phy (with few remnants of cholangiocytes
remaining) or even complete duct destruction
with substitution by lymphoma tissue. In this sit-
uation, bile may leak out of the ducts and stain the
HL tissue, particularly in case of lymphoma
necrosis (Russell 1914). The neoplastic cell line-
age of HL close interacts, within the tumor cell
niche, with macrophages and dendritic cells, this
interactome regulating a complex immune reac-
tion (review: Tudor et al. 2014).

In addition to intrahepatic bile ducts,
intrahepatic portal vein branches may be invaded,
sometimes followed by portal vein thrombosis.
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Fig.5 Hodgkin lymphoma in the liver. Hodgkin cells and
Reed-Sternberg cells show positivity for CD15 (CD15
immunostain)

In an autopsy study, this phenomenon was
observed in 23 % of the cases, and this feature
tended to occur more frequently with the
lymphocyte-depleted type of HL (Davey and
Doyle 1973). At the periphery of the nodular
lesions, infiltration of hepatic parenchyma may
occur, associated with hepatocyte plate atrophy
and fatty change of hepatocytes (Russell 1914;
Symmers 1944; Sherlock 1955) or even complete
destruction of parenchyma. This atrophy has been
observed already in old autopsy studies,
described, e.g., as hepatocytic “spindle cells” or
“spindle-shaped liver cells” (v. Hiittenbrenner
1871). Very rarely, HL may localize to lesions
preexisting in the liver, e.g., hepatic angiomas
(Toncini and Venzano 1981).

Hilar/Perihilar HL of the Liver and Large
Bile Duct Involvement by HL

Involvement of the perihilar hepatic lymph nodes,
together with those of the retroperitoneal space
and/or the mesentery, causing compression of
the large bile duct and thus jaundice, has been
described in several reports, sometimes with for-
mation of huge conglomerate masses (Fraenkel
and Much 1910a; Meyer 1911; von Jaksch 1913;
Weinberg 1917; Michalitschke 1919; Razemon
et al. 1961; Martin et al. 1992). Interestingly,
these clinical reports describe obstructive
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jaundice and in part very large periductal lympho-
mas, but no prestenotic dilatation of the large hilar
bile ducts. On the other hand, Russell described an
autopsy case with nodular manifestations of HL in
the liver, associated with impressive saccular dila-
tations of large bile ducts close to the hepatic
hilum, these ducts being filled with a dark and
viscous bile (“dilatatio cystica circumscripta
ductuum biliferorum”), whereby some of these
cystic structures seemed to follow the larger and
infiltrated Glisson’s tracts into the liver substance
(Russell 1914). Rarely, periductal enlarged lymph
nodes involved by HL may bulge into the duct
lumen. That enlarged lymph nodes involved by
HL exert obstructive effects is exemplified by
nonvisualization of the gallbladder in HL of the
cystic lymph node (Wee et al. 1970).

Seven patients with direct involvement in the
perihilar/hilar tissue compartment were described
in detail by Coronini (1928). In two patients,
perihilar involvement with biliary obstruction
was induced by involvement of hilar/perihilar
lymph nodes by HL. In one patient, a perihilar
lymphoma had led to kinking of the choledochal
duct (Coronini 1928). Direct perihilar tissue
involvement was detected in six patients of the
extensive analysis of Coronini. Rarely, involve-
ment of the large bile duct close to the hepatic
hilum presents in the form of firm and flat nodes
developing in the bile duct wall and causing ste-
nosis (Meyer 1911; “Gallengangsgranu-
lomatose”; Coronini 1928), thus clinically
mimicking Klatskin’s tumor. In other situations,
a single bean-sized nodule of HL has been
observed in the wall of the choledochal duct
(Meyer 1911). Rarely, the entire mucosa of the
large bile ducts is seeded by flat tumor nodules,
separated from each other by clefts, causing
lumenal stenosis (Stahr and Sywolt 1922). Histo-
logically, the latter authors noted that these ductal
wall lesions had a transmural extension and were
rich in Reed-Sternberg cells, a HL tissue of high
cellularity prevailing in the deeper parts of the
lesions, while a tissue of lower cellularity was
found more close to the mucosal surface. These
ductal/periductal nodules may reach 1.5 cm in
thickness, encircle the bile ducts, and induce fili-
form stenosis associated with prestenotic
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dilatation of the biliary tract (Coronini 1928),
sometimes with sacculiform dilatations of the
ducts close to the hilum (Russell 1914). Intramu-
ral growth of HL tissue in large bile ducts has later
been confirmed (Ochoa and Keene 1970; Martin
et al. 1992; Abe et al. 1997). In some patients,
only duct strictures causing intermittent or persis-
tent obstructive jaundice were found (Diessner
and Heck 1958). Fibrotic HL lesions located to
the bile ducts may produce imaging features indis-
tinguishable from sclerosing cholangitis (Tartar
and Balfe 1990). Biliary and portal vein strictures
may also develop following HL therapy (Roberts
etal. 2012).

Invasion and Spread of Hodgkin
Lymphoma Within the Liver

Invasion of blood vessels and lymphatics by HL
has been described by several authors (Reed 1902;
Jeanselme and Marchal 1926; Coronini 1928;
Callender 1930; Jackson and Parker 1944b;
Sayhoun and Eisenberg 1949; Varadi 1960;
Rappaport and Strum 1970; Strum et al. 1971;
Rappaport et al. 1971; Naeim et al. 1974;
Kirschner et al. 1974). But there are also informa-
tions in the literature showing the case against
(Lamoureux et al. 1973). Rarely, HL reveals a
nodal intrasinusoidal invasion pattern mimicking
that of anaplastic large cell lymphoma (Lee
et al. 2004), suggesting that HL cells can undergo
a distinct homing pattern to, and expansion in,
specific vascular channels. In the liver, several
histopathologic patterns suggest an invasive phe-
notype of HL. The probably most early phases of
involvement, when a specific infiltrate is found to
partially occupy the portal tracts, are difficult to
judge in regard to invasion, because it is currently
still unknown as to how the neoplastic cells of HL
reach the liver tissues. It is suggested that the
distinct cells circulate in the blood and achieve
access to the portal tracts or sinusoidal compart-
ments of the liver by specific homing mechanisms
followed by egress of the cells into the extravas-
cular compartments.

In fact, some authors claimed that HL primar-
ily invades the liver within the portal tract spaces
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(Schmorl 1922; Sternberg 1936), whereas others
proposed that HL extends along the periportal
spaces (Fabian 1911; Ziegler 1911) or along the
major intrahepatic bile ducts and the portal vein
and its branches (Chevallier and Bernard 1932;
Sternberg 1936). Spread along the portal tracts is
suggested by the typical distribution of
xanthomatous yellow streaks that follow the por-
tal course in some cases of hepatic HL (Jackson
and Parker 1944b). Dense accumulations of HL
infiltrates containing Reed-Sternberg cells may be
explained, at least at the beginning of the process,
by proliferative expansion of the cells. That the
apparently rather dense connective tissues located
to the portal tracts allow a rapid infiltration by
leukocytes is well known from diverse inflamma-
tory processes (portal hepatitis), illustrating that
lymphocytes are potently capable to invade the
portal tract space. It may be surmised that the cells
of HL can do the same thing, but the mechanisms
are not known. On the other hand, expansion of
the process beyond the limiting plate and thus into
the liver lobules will require invasion rather than
proliferative growth alone. Similarly, spread
along the intrahepatic bile ducts and blood vessels
necessarily involves an invasive phenotype of the
neoplastic cells of HL. As described above, Reed-
Sternberg cells can be observed within the lumina
of hepatic sinusoids, and this will need specific
homing and adhesion mechanisms. The fate of
such cells in regard to later growth patterns (infil-
tration of the perisinusoidal space) is not
established, but there is some morphologic (and
thus indirect) evidence that miliary or submiliary
HL growths found within the lobular parenchyma
may take their origin from cells primarily settled
in the sinusoids.

Invasion of lymph vessels, veins, and arteries
by HL has been reported several times (Reed
1902; Jeanselme and Marchal 1926; Coronini
1928; Callender 1930; Jackson and Parker
1944b; Sayhoun and FEisenberg 1949; Varadi
1960). Vascular invasion by HL tissue/cells has
been observed in lymph nodes, the incidence of
vascular invasion in the original lymph node biop-
sies being highest in LDHL and decreasing in
MCHL, NSHL, and LRCHL (Naeim
et al. 1974). It is of importance to note that
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lymph node vascular invasion is associated more
frequently with liver, lung, or bone marrow
involvement, either initially or within 1 year in
most of the cases analyzed in one study (Strum
et al. 1971). Vascular invasion of lymph nodes or
the spleen of patients with HL was associated with
a high incidence of extranodal organ involvement
in other investigations of several hundred tissue
samples (Rappaport and Strum 1970; Rappaport
etal. 1971). Similarly, HL vascular invasion in the
spleen was associated with hepatic and bone mar-
row involvement, early relapse, and shortened
survival (Kirschner et al. 1974). Simonds first
noted HL lesions invading the portal vein
(Simonds 1926), and this feature was confirmed
in later studies (Davey and Doyle 1973). Other
types of hepatic vessels have been found to be
invaded in an autopsy study (Libansky
et al. 1962). The most detailed histopathologic
analysis found in the old literature is that of
Coronini (Coronini 1928). He described several
patterns of vascular lesions occurring in HL, also
in the liver. The lesions comprise subendothelial
granuloma-like proliferations, associated with
endothelial damage, in portal vein branches, a
ringlike phlebocentric granulomatosis (granulo-
matous phlebitis) of portal vein branches resulting
in occluding venous thrombosis, and a massively
stenosing lymphomatous invasion of large portal
vein branches at the liver hilum (lymphomatous
phlebopathy), sometimes with accumulation of
Reed-Sternberg cells in the markedly thickened
portal venous intima. In patients with hilar/
perihilar involvement, he also observed an
angiodestructive invasion of hepatic artery
branches by HL, sometimes with impressive
arrosion of the adventitia, a marked granuloma-
tous reaction and/or arterial tissue and tumor
necrosis, destruction of the elastica interna, and
obliteration of the lumen and with accumulation
of Reed-Sternberg cells within the altered media
and intima (lymphomatous arteriopathy; Coronini
1928). These hepatic arterial lesions may be asso-
ciated with necrosis of bile ducts (Coronini 1928),
owing to ischemic cholangiopathy/cholangitis.
The neoplastic cells in HL, including cells with
the features of Hodgkin and/or Reed-Sternberg
cells, can circulate in the peripheral blood (Varadi
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1955, 1960; Keiser 1960; Libansky et al. 1962;
Hayhoe et al. 1978; Malfitano et al. 1980;
Riccardi et al. 1980), sometimes in high numbers
leading to what has been termed Reed-Sternberg
cell leukemia (Cavalli et al. 1981). The source of
these cells is not clear, but it has to be emphasized
that peripheral blood mononuclear cells of
patients with HL can give rise to permanently
growing Hodgkin/Reed-Sternberg cells (Wolf
et al. 1996). In regard to the liver, Reed-Sternberg
cells have been observed within hepatic sinusoids
(Priesel and Winkelbauer 1926; Coronini 1928;
Barge and Potet 1971). In his extensive work in
hepatic HL involvement, Coronini depicts three
large elongated cells located in the sinusoids, most
probably representing Sternberg giant cells
(Coronini 1928; Fig. 2), a finding which is of
interest in the light of target cell homing in
HL. A very similar change is depicted in a work
published 2 years earlier, again with huge cells
with irregular or lobulated nuclei (not
representing megakaryocytes) within the sinu-
soids (Priesel and Winkelbauer 1926). The prep-
arations were from a small child with a
generalized lymphomatous disease with numer-
ous hepatic nodules; it is, based on the descrip-
tion, however not certain whether this child had
bona fide HL. A convincing figure of Reed-
Sternberg cells clearly situated within sinusoids
is found in the work of Barge and Potet (Barge and
Potet 1971; their Fig. 3).

How Frequent Are HL Infiltrates
in the Liver in Extrahepatic HL?

This question has been addressed in rather large
number of reports based on autopsies, but using
highly variable criteria for identifying HL in the
liver, with an incidence range of 10-70 % (Ziegler
1911; Wallhauser 1933; Sternberg 1936;
Symmers 1944; Jackson and Parker 1944a;
Ackerman and del Regato 1954; Davey and
Doyle 1973; Colby et al. 1981). Detailed informa-
tions were obtained in a study of 875 patients with
HL, 300 (34.3 %) presented with clinical evidence
pointing at liver disease such as hepatomegaly
and/or abnormal liver function tests. Of this
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group with clinical signs of liver disease and his-
tologic proof of HL, 112 cases (44 %) were
autopsied (Levitan et al. 1961). Of these
122 cases, 74 (66 %) revealed HL involving the
liver and 38 (34 %) did not. In the latter group,
however, all the livers exhibited some abnormal-
ity of major or minor degree. Of the cases with
proven hepatic HL involvement, 86.5 % presented
with diffuse infiltration, 10.8 % with nodular
lesions, and 2.7 % exhibited mixed lesions. Both
liver lobes were involved in most cases. Among
59 autopsies of patients with HL, intrahepatic HL
was found in 41 or 70 % (Davey and Doyle 1973).
In an autopsy study of 80 patients with HL. from
the time period 1972 to 1977, 54 patients had
residual HL, and among 52 of these where the
liver was autopsied, 33 had liver involvement
(63 %; Colby et al. 1981). Different figures were
obtained in liver biopsy studies, likely to be due to
an earlier diagnostic approach in comparison with
the late stages observed in autopsies. It has been
maintained that silent liver involvement can be
demonstrated early in the course of the disease
by liver biopsy (Péne 1952). In a total of 472 liver
biopsies performed in 308 patients with HL, only
2.4 % showed hepatic HL infiltrates consisting of
Sternberg-Reed cells and abnormal lymphohis-
tiocytic cells against a background of lympho-
cytes together with neutrophilic and eosinophilic
granulocytes. These infiltrates formed foci of
100-200 mm diameter. This prevalence of bona
fide HL involvement is somewhat lower than that
in other studies (Rosenberg and Kaplan 1970;
Glatstein et al. 1970; Kadin et al. 1971; Abt
et al. 1974; Hellman 1974). In a further eight
patients of the study of Skovsgaard and
coworkers, infiltrates were found that had all the
characteristic features of HL except the presence
of Sternberg-Reed cells (Skovsgaard et al. 1982).
In this large biopsy series, the most frequent find-
ing was lymphocytic infiltration in portal tracts
(in 56 % of biopsies), but was of moderate or
severe degree in 20 % and 1 % only, respectively.
This feature was followed in frequency by focal
necrosis (24 %). It has been shown that changes
found in liver biopsies taken at the end of staging
operations instead at the beginning (a procedure
preferred by many surgeons, because no further
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manipulations are required) can readily be differ-
entiated from the changes found in HL (Brown
et al. 1981).

Is There a Preference of Certain HL
Variants to Manifest in the Liver?

This question is difficult to answer due to the
fact that the type of lesions found in the liver
may or may not correspond to extrahepatic his-
tologic patterns of HL. In an early autopsy study
where access to histology was available for
39 cases, it was impossible to classify the
intrahepatic HL infiltrates according to then
used Lukes classification (Davey and Doyle
1973). This can, at least in part, be due to the
phenomenon that extranodal spread, including
the liver, is more prevalent in advanced disease
and that there is convergence of the
morphotypes of HL as a function of progression
(Naeim et al. 1974). Nodular lymphocyte-pre-
dominant HL. (NLPHL; nodular paragranuloma)
is different clinically and also in regard to
extranodal spread from other variants of HL
(Bodis et al. 1997; Diehl et al. 1999). Clinically,
most patients present with early stage disease
(Ann Arbor VII; Pappa et al. 1995), but 28 %
of patients have presented with advanced stage
disease and some of these cases have pursued an
aggressive and even fatal clinical course
(Hansmann et al. 1984; Trudel et al. 1987).
Overall, liver involvement in NLPHL is
regarded as rare (Pappa et al. 1995). Of
145 patients with NLPHL, 13 % of the involved
sites were extranodal, 4 of them concerning the
liver (Hansmann et al. 1984). Among 13 patients
with NLPHL (10 with Ann Arbor stage III or
IV), four exhibited liver involvement, in two
patients with a macroscopic mass; the lesions
were focal in two and multifocal in two patients,
respectively (Siebert et al. 1995). Among
16 patients with NLPHL, six liver specimens
were reviewed (needle or wedge biopsies), four
having evidence for NLPHL involvement. None
of the involved livers had grossly identifiable
lesions. Small to large collections of mature-
looking lymphocytes were present in the portal
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tracts of three of the cases, and varying numbers
of LP cells with the immunophenotype typical
for NLPHL were also present in this tissue com-
partment. The fourth case had intralobular and
not portal tract involvement, and the numbers of
L&H cells and of Reed-Sternberg cells were
very low (Chang et al. 1995). The histopatho-
logic differential diagnosis of NLPHL in the
liver includes classical HL, T-cell-rich B-cell
lymphoma involving the liver (Khan
et al. 1993; Fraga et al. 2002), and B-lineage
NHL. From a large autopsy study of 122 cases,
it turned out that exactly half of the hepatic
lesions were what was then termed Hodgkin
granuloma (i.e., not LDHL), and of these
82.3 % showed almost exclusive involvement
of the portal tracts (Levitan et al. 1961). For
LDCHL, Iliver involvement has been
documented by few liver biopsies (Neiman
et al. 1973). In the setting of autopsies, liver
involvement has been observed in eight out of
nine necropsies (Neiman et al. 1973). It seems
that portal vein invasion tends to be more fre-
quent in LDCHL (Davey and Doyle 1973).

Hepatic Involvement by Variant
Richter’s Syndrome

Variant Richter’s syndrome can involve the liver
(Reddy and Thompson-Arildsen 2010). Hepato-
megaly has been described as a feature of this
disorder (Brecher and Banks 1990). A progres-
sively enlarged liver has been reported in a
patient who developed classical HL 4 years
after the diagnosis of Rai stage II (Binet B)
chronic lymphocytic leukemia, without liver his-
tology (Nemets et al. 2003). Among nine
patients with Richter’s syndrome described by
Foucar and Rydell, two showed a histology
compatible with lymphocyte-depleted HL and
were, therefore, likely to be variant Richter’s
syndrome. At autopsy, one of these two patients
exhibited extensive hepatic infiltration with
enlarged, confluent portal areas forming actual
tumor nodules less than 5 mm in size (Foucar
and Rydell 1980).
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Differential Diagnosis

Histologically, the main differential diagnoses
include lymphomatous lesions that produce cells
resembling Hodgkin and Reed-Sternberg cells.
These neoplasms mainly include T-cell-rich
B-cell lymphoma and so-called Hodgkin-like
peripheral ~ T-cell  lymphoma/PTCL  (Mori
et al. 2014). It has been suggested that nodular
lymphocyte-predominant HL and T-cell/histio-
cyte-rich B-cell lymphoma might be endpoints
of a spectrum of one disease (Hartmann
etal. 2013).

Nonneoplastic Hepatic Manifestations
of HL

Vanishing Bile Duct Syndrome
in Hodgkin Lymphoma

A syndrome of “idiopathic” intrahepatic chole-
stasis occurs in some patients with HL, caused
by a distinct ductopenic disorder. Secondary
intrahepatic ductopenia (vanishing bile duct syn-
drome; VBDS) usually in the absence of direct
HL infiltration of the liver is a rare but critical
cause of cholestasis with or without jaundice in
patients with HL; the disorder is thought to be a
paraneoplastic manifestation of HL and may
result in intractable fatal liver damage (review:
Nader et al. 2013). Fatal liver failure due to
VBDS can ensue despite HD remission (Aleem
et al. 2013). The pathogenesis of HL-associated
VBDS is not known. That HL as such is in some
complex manner involved is supported by the
observation that the small bile duct disorder may
show resolution following successful therapy of
HL (Crosbie et al. 1997). The differential diag-
nosis of cholestasis in HL due to VBDS/
ductopenia comprises nonobstructive
HL-associated cholestasis (see above), obstruc-
tion due to infiltration of the bile ducts by HL
tissue (Ochoa and Keene 1970; Chaudhari
et al. 2013), large extrahepatic bile duct obstruc-
tion by HL masses (Sanbe and Shirato 1966;
McNulty 1971; Pariente et al. 1981; Martin
et al. 1992; Abe et al. 1997), and extrahepatic
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biliary stricture subsequent to radiotherapy of
the upper abdomen (Cherqui et al. 1994).

Selected References (Cavalli et al. 1979;
Hubscher et al. 1993; Gottrand et al. 1997; de
Medeiros et al. 1998; Ludwig 1998; Allory
et al. 2000; Rossini et al. 2000; Yusuf
et al. 2000; Ozkan et al. 2001; Ripoll
et al. 2002; Liangpunsakul et al. 2002; Guliter
et al. 2004; Ballonoff et al. 2008; Leeuwenburgh
et al. 2008; Pass et al. 2008; Foramiti
et al. 2011).

Sclerosing Cholangitis in Hodgkin
Lymphoma

Apart from the well-established association with
inflammatory bowel disease, primary sclerosing
cholangitis ( PSC) has been associated with other
diseases, which are often cited as single case
reports, including HL. Two patterns of bile duct
disease resembling sclerosing cholangitis have
been described. In the first pattern, fibrosing HL
lesions situated in the walls of larger bile ducts
produce a radiographic picture mimicking pri-
mary sclerosing cholangitis (PSC), with some-
times marked stenosis (Tartar and Balfe 1990;
Gupta et al. 2002). The second pattern is charac-
terized by PSC-like larger bile duct alterations in
the absence of proven bile duct involvement by
malignancy. In the adult age group, a first report
concerned three men, of whom one patient had
Crohn’s disease of the colon. In these three
patients, primary sclerosing cholangitis was diag-
nosed 2, 11, and 17 years before diagnosis of HL,
and all three had then advanced biliary cirrhosis
prompting referral for liver transplantation (Man
et al. 1993). In a pediatric patient with HL involv-
ing the liver, biopsy disclosed a morphology com-
patible with sclerosing cholangitis (Gupta
et al. 2002). The pathogenesis of the association
of HL and PSC, if this is not a mere coincidence, is
unknown. It has been suggested that immune sup-
pression associated with long-standing and
advanced liver disease or immunosuppressive
drug therapy may predispose PSC patients to HL
(Man et al. 1993).
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Hepatic Granulomas in Hodgkin
Lymphoma

Hodgkin lymphoma (HL) is well known to be
associated with a granulomatous reaction in sev-
eral organs and tissues (Brincker 1970; Kadin
et al. 1970, 1971; Goldman 1970; Colby
et al. 1981; Brooks 1982; Johnson et al. 1990;
Arai et al. 1992), e.g., in the bone marrow, but
also in the liver (Atwood et al. 1966; Brinker
1970; Stolzenbach et al. 1976; Sacks et al. 1978;
Koene-Bogman 1978; Pak and Friedman 1981;
Skovsgaard et al. 1982). In a study of 459 liver
biopsies from 308 patients with HL, granulomas
were detected in only 2 %, suggesting the rareness
of this finding (Skovsgaard et al. 1982). The
development of a marked granulomatous reaction
can, similar to the situation of NHL, even be a
prominent manifestation at the outset of HL
(Lerza et al. 2002). In a study of 51 untreated
patients, granulomas were detected in otherwise
uninvolved tissues in 14 % of the patients (Kadin
etal. 1971).

It was at first considered that hepatic granulo-
mas in HL might be an early tissue expression of
this neoplasm (Atwood et al. 1966; Brincker
1970); however, there is no evidence for this,
with very few exceptions (Goldman 1970). HL,
similar to NHL, may masquerade as “idiopathic”
liver granulomas (Aderka et al. 1984), so that the
presence of hepatic granulomas without clear
cause should make one consider HL or NHL.
Usually, the granulomas in HL present as
noncaseating epithelioid cell nodules with or
without a significant lymphocyte seam, but
Langhans giant cells are usually sparse or lacking.
Central fibrinoid necrosis was occasionally seen,
whereas Schaumann and asteroid bodies were not
observed (Kadin et al. 1971). A caseating reaction
in the granulomas in the absence of mycobacterial
infection is exceedingly rare (Johnson et al. 1990).
In the liver, HL-associated granulomas are chiefly
located to the portal tracts (Kadin et al. 1971). It is
established that lymph nodes draining an area
harboring malignancy can show epithelioid gran-
ulomas, sometimes to a degree histologically
mimicking sarcoidosis and reflecting marked
macrophage activation in conjunction with a
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cell-mediated immune reaction directed to tumor
antigens (Nadel and Ackerman 1950). There is
evidence that at least a part of the granulomas
observed in conjunction with HD represent a reac-
tion to oily radiographic contrast media used in
lymphangiography (Pak and Friedman 1981),
although it has been claimed that the granuloma-
tous lesions in HL do not really resemble reactions
to lymphangiography, mainly based on the obser-
vation that the heavily lipidized foreign body-type
granulomas developing shortly after oily lymph-
angiography do not occur in HL (Kadin
et al. 1970, 1971). But it has been shown that, as
a function of time, lipid-rich lipogranulomas with
vacuolated cells slowly transform into sarcoid-
like granulomas of the type encountered in HL
(Pak and Friedman 1981). A sarcoidosis-like
granulomatous reaction has been observed fol-
lowing chemotherapy for HL (Merchant
et al. 1994). The histiotype of granulomas occur-
ring in HL may rarely deviate from the “standard”
granuloma. Very rarely, hepatic granulomas of the
liver in HL have been found to be of the caseating
type, in the absence of tuberculosis (Johnson
et al. 1990). Apart from typical epithelioid granu-
lomas with a variably developed peripheral rim of
lymphocytes, the fibrin-ring granuloma-type of
lesion has also rarely been encountered in the
liver in HL (in 4 % among 23 patients with such
granulomas; Marazuela et al. 1991).

Whether the presence of epithelioid granulomas
in HL, including granulomas in the liver, is of prog-
nostic significance has been suggested and
discussed in few reports, but a conclusive answer
to this question requires more and prospective stud-
ies (O’Connell etal. 1975; Sacks etal. 1978; Chopra
et al. 1995). In a larger analysis of 55 previously
untreated patients with HL and associated granulo-
mas, survival and relapse-free survival were signif-
icantly different in favor of the granuloma group in
comparison with 553 patients without granulomas
(Sacks et al. 1978). A later study revisiting the
significance of granulomas (with one of the authors
of'the just mentioned 1978 study), involving 89 HL
patients with granulomas and with a longer follow-
up, resulted in a different conclusion: after long
follow-up, the relapse-free survival advantage was
no longer apparent (Abrams et al. 1988).
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Lymphoid Hepatic Lobular Infiltration
in the Absence of Bona Fide HL
Infiltration of the Liver

The presence of lymphoma in the liver at staging
may be difficult to confirm histologically when
infiltrates are focal and/or nondiagnostic, i.e.,
without detectable Hodgkin or Reed-Sternberg
cells. Focal lymphocytic infiltrations of the liver
may, in the otherwise proven presence of HL,
suggest hepatic manifestation of this disease. But
how frequent are such infiltrates? In a study of
wedge and needle liver biopsies from 123 consec-
utive staging laparotomies for HL, 12 biopsies
revealed discrete lobular lymphoid aggregates.
In this investigation, there were nine cases of
hepatic involvement by HL and one of extensive
portal infiltrates by inflammatory cells, but none
of these specimens contained the distinctive
parenchymal lymphoid aggregates. The lobular
aggregates varied from a few lymphocytes clus-
tered within sinusoids to large aggregates
entrapping hepatocytes (Leslie and Colby 1984).
The nature of these intralobular lymphoid infiltra-
tions has not been clarified so far, but they may
represent an immune reaction to unknown, even-
tually HL-associated antigens.

Nodular Regenerative Hyperplasia
of the Liver

Infiltration of the liver substance by HL cells and
tissue, associated with complex vascular abnor-
malities and a deranged blood flow, can result in
nodular regenerative hyperplasia/NRH, a recur-
rent alteration of the liver in HL patients (Lopez
et al. 2014).

Hepatic Sinusoidal Changes in Hodgkin
Lymphoma

Hepatic sinusoidal dilatation (HSD) is character-
ized by the widening of sinusoids that may
involve the entire liver lobule or predominate in
periportal, midzonal, or pericentral areas. Peliosis
hepatis, first described in 1916 under this term
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(Schoenlank 1916), differs from HSD by the for-
mation of intraparenchymal blood-filled spaces
(“lakes”) without preferential location (Degott
and Potet 1984), although there may be transitions
or overlaps between the two lesions. Hepatic
peliosis is characterized by oval or irregular, mul-
tiple blood-filled spaces within the liver paren-
chyma, the cavities ranging in size from less
than 1 mm to several centimeters. In a study of
906 consecutive liver biopsies, sinusoidal dilata-
tion unrelated to passive hepatic congestion was
observed in 26 (2.9 %), and in 21 out of 26 the
final diagnosis was a neoplastic or granulomatous
disease, but in only half of them was there evi-
dence of neoplastic or granulomatous infiltration
of the liver (Bruguera et al. 1978). Sinusoidal
dilatation (HSD; sinusoidal ectasia) occurring in
the context of HL not associated with direct liver
involvement has repeatedly been reported (Bain
et al. 1982; Bruguera et al. 1987; Kakar
et al. 2004). The examination of liver biopsy
specimens from 46 patients with HL revealed
sinusoidal dilatation with a predominantly
centrilobular and mid-lobular localization in
50 %, more frequently in patients with (90 %)
than in those without (20 %) systemic symptoms
of disease. The prevalence of these alterations was
not related to the stage of HL or the existence of
hepatic infiltration by HL (Bruguera et al. 1987).
From the descriptions, it is difficult to judge
whether sinusoidal dilatation fulfilled the criteria
of peliosis hepatis, but at least in part of the cases,
these lesions may in fact represent, or may evolve
to, bona fide peliosis hepatis (Pasquier et al. 1973;
Iwai et al. 2002; Kleger et al. 2009), although
peliosis in HL has been suggested to be an infre-
quent association (Bhaskar et al. 1990).

Cytogenetic and Molecular Features

LP cells in NLPHL show clonally rearranged
immunoglobulin genes. The variable region of
the immunoglobulin heavy chain genes have a
high load of somatic mutations. In contrast to
other forms of HL, latent EBV infection is consis-
tently absent from LP cells but may be detectable
in nonneoplastic lymphocytic bystander cells. In
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80 % of NLPHL cases, aberrant somatic gene
mutations have been found, involving PAXS,
PIM1, RhoH/TTF, and MYC.

In classical HL, HRS cells contain clonal
immunoglobulin gene rearrangements in more
than 98 % of cases. In rare cases, T-cell receptor
gene rearrangements had been detected. HRS
cells have lost many of the typical B-cell lineage
markers and express a host of aberrant markers.
This is in part caused by a downregulation of early
B-cell factor 1 (EBF1), a major B-cell transcrip-
tion factor (Bohle et al. 2013). The transcription
factor NF-kappaB is constitutively activated in
HRS cells. There is recent evidence that HL is
associated with genetic variations at both HLA
and non-HLA loci, including loci at 2p16, 5q31,
6p31, 8q24, and 10p14. A susceptibility locus for
HL is on chromosome 19p13.3, involving TCF3
(or E2A), a regulator of B- and T-cell lineage
commitment (Cozen et al. 2014).

Both proliferation and survival of HL Reed-
Sternberg cells require this activity, which is
comprised of the pS0 and relA subunits. It was
shown that EBV-negative Reed-Sternberg cells
reveal enhanced expression of NF-kappaB2/p52
and RelB-containing NF-kappaB DNA-binding
activity and that CD30 triggers the noncanonical
NF-kappaB activation pathway. Hodgkin cells
and Reed-Sternberg cells display a disturbed
cell cycle regulation with an abnormality short
G1 phase (Tzankov et al. 2005). The p18INK4c
gene, encoding a cyclin-dependent kinase
(CDK) inhibitor interfering with the Rb-kinase
activity of CDK6/CDK4, is silenced in HL
through epigenetic promoter hypermethylation
(Sanchez-Aguilera et al. 2004). Epigenetic inac-
tivation of the putative tumor suppressor with
proapoptotic activity, RASSF1 A, has been
found in HL (Murray et al. 2004). Mutations of
the JAK regulator SOC-1 occur and are associ-
ated with nuclear STATS accumulation in HRS
cells. As discussed above, overexpression of
CD30 is a typical feature of neoplastic cells in
HL. CD30 is a member of the tumor necrosis
factor/nerve growth factor receptor superfamily
and is the receptor of the cytokine, CD30 ligand
(CD30L; Gruss and Herrmann 1996). CD30 is
expressed transiently on activated B and T cells
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and constitutively on several B- and T-cell NHLs
and on HL. The major CD30 functions include
participation in negative selection of thymo-
cytes, costimulation of activated T cells, isotype
switching of B cells, and regulation of the effec-
tor activity of cytotoxic lymphocytes. CD30 is
expressed in Reed-Sternberg cells, and increased
levels of serum CD30 are observed in HL
patients and are a marker for predicting poor
prognosis and poor treatment response. In fact,
the CD30 antigen has been characterized as a
marker for both primary and cultured Reed-
Sternberg cells, but this antigen is also expressed
in cells of anaplastic large cell lymphoma and of
Burkitt lymphoma. Persistent expression of high
levels of CD30 in HL cells, and in particular
Reed-Sternberg cells, is thought to play a central
role in growth regulation of the neoplastic cells
involved. Reed-Sternberg cells, in contrast to
cells of anaplastic large cell lymphoma,
coexpress CD30 and CD30 ligand, suggesting
an autocrine CD30L-CD30 cytokine receptor
loop (Hsu and Hsu 2000). The differential
expression patterns of downstream components
of the CD30 signaling pathway, in particular
TRAFI1 and c-Rel, may prove a useful adjunct
in distinguishing cases of classical HL from mor-
phologically and immunophenotypically similar
lymphomas (Rodig et al. 2005). CD30-mediated
signals are involved in lymphoid cell homing to
lymph nodes, and affect, in a complex network,
apoptosis in that CD30 on the one hand
upregulates Fas, death receptor 3, and
TNF-related apoptosis-inducing ligand and on
the other hand upregulates TNFR-associated fac-
tor 1 and cellular inhibitor of
apoptosis 2, protecting cells from certain types
of apoptosis (Muta et al. 2000). It has been found
that expression of CD30 by neoplastic cells in
HL is associated with inhibition of proliferation
and activation of T cells (Su et al. 2004). Proteins
that function in signaling events downstream of
activated CD30 are also expressed in neoplastic
cells of classical HL, including TRAF1 and acti-
vated c-Rel (Rodig et al. 2005), and CD30
ectodomain shedding affecting its biologic activ-
ity is mediated by TNF-alpha converting enzyme
(TACE), is dependent on the availability of the
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cysteine-rich domains (CRD) 2 and 5 of the
CD30 ectodomain (Hansen et al. 2004), and is
increased by depletion of cellular cholesterol and
of lipid rafts (von Tresckow et al. 2004). TACE is
itself a metalloproteinase, and inhibitors of this
enzyme therefore affect the turnover of CD30
(Hansen et al. 2002).

Role of EBV Infection

HL is more often seen in patients with EBV infec-
tion (Khan 2006; Kapatai and Murray 2007;
Martin et al. 2011; review: Mohamed
et al. 2014). The highest frequency of EBV gene
expression in HRS cells is found in MCCHL
(around 75 %) and the lowest incidence in
NSCHL (1040 %). In Western countries, the
EBV strain 1 prevails, whereas strain 2 prevails
in resource-poor areas. EBV-encoded latent mem-
brane protein 1 (LMP-1) gene exhibiting deletion
mutants is highly associated with HIV-related HL,
and these mutants accumulate in RS cells
(Guidoboni et al. 2005). From a genome-wide
association study of 1200 classical HL patients,
it resulted that there were associations between
EBV-positive classical HL and genetic variants
within the class I region and between
EBV-negative classical HL and the rs6903608
locus within the class II region, the latter associa-
tion being confined to NSCHL (Urayama
et al. 2012). In pediatric HL, tumor-associated
macrophages are associated with EBV, suggesting
that the macrophage microenvironment in pediat-
ric classical HL is different from that of HL in
adults (Barros et al. 2012). EBV contributes to the
growth and survival of HRS cells. Expression of
EBNAI is associated with downregulation of the
TGF-beta target gene, protein tyrosine phospha-
tase receptor kappa (PTPRK), conferring
increased growth and survival to HRS cells
(Flavell et al. 2008). EBV infection also affects
the recruitment of accessory cells of HL tissue.
Expression of the EBV-encoded EBV nuclear
antigen 1 in HL neoplastic cells mediates the
upregulation of the chemokine CCI20 and the
migration of regulatory T cells (Baumforth
et al. 2008).
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Mechanisms Involved in Growth,
Apoptosis, Invasion, and Spread of HL
Cells

The Mummified Reed-Sternberg

and Hodgkin Cells and Mechanisms

of Para-apoptosis/Apoptosis in Hodgkin
Lymphoma

The presence of degenerative or regressive
changes occurring in the large neoplastic cells in
HL had already been noted by Reed and by Stern-
berg, and these features were later specified in
more detail (Jackson and Parker 1944b; Cross
1969; Lorenzen et al. 1997), in one instance
described under the term “selective apoptotic
necrosis (SAN)” (Kodousek et al. 1992). The
phenomenon represents distinct stages of a cellu-
lar death process including para-apoptosis and
apoptosis of Hodgkin/Reed-Sternberg cells,
although it is established that the neoplastic cells
in HL are characterized by a remarkable resistance
to certain apoptotic stimuli. Histologically, the
tissues of HL contain Reed-Sternberg cells with
a condensed and markedly eosinophilic or
amphophilic cytoplasm and basophilic and con-
densed nuclei lacking chromatin marginalization,
termed mummified cells (Lorenzen et al. 1997). In
certain stages of this decay process, the cells may
be triangular or elongated. Although the nuclear
chromatin undergoes condensation, the tortuous
nuclear contour is retained for longer time
periods. Similarly, immunoreactivity for CD30
and/or CD15 is retained in what has been termed
para-apoptosis, while these markers are negative
in cells with classical signs of apoptosis
(Lorenzen et al. 1997). Para-apoptosis
(nonclassical apoptosis) is a specific morphologic
type of programmed, non-necrotic cell death,
characterized by cytoplasmic vacuolization, con-
densed chromatin (but not early margination of
the chromatin), and swollen mitochondria. In con-
trast to classical apoptosis, surface blebbing and
the formation of typical apoptotic bodies do not
occur (Asher et al. 1995). It seems that para-
apoptosis is driven by an alternative caspase-9
activity that is Apaf-1-independent (Sperandio
et al. 2000). Para-apoptosis, in addition to Hodg-
kin and Reed-Sternberg cells, has been observed
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in several other cell systems, including lympho-
cytes (Asher et al. 1995) and the megakaryocyte
lineage (Houwerzijl et al. 2004). It is sometimes
noted that apoptosis and para-apoptosis are seen
in classical HL, but in fact they may occur in any
type and subtype of HL (Cross 1969). In a detailed
study, the lowest incidence of mummified cells
was found in NLPHL (“paragranuloma’), signif-
icantly different from the mixed -cellularity
subtype (Lorenzen et al. 1997). Mummified cells
(“mummy cells”) do not seem to exhibit DNA
fragmentation, but the apoptotic cells are strongly
reactive by in situ end labeling of DNA fragments
(Benharroch et al. 1996, 1998), while abortive
mitoses and nuclear DNA fragmentation were
observed in CD30-reactive large cells of HL
(Leoncini et al. 1996).

What are the mechanisms of apoptosis and
para-apoptosis in HL? Several proteins known to
regulate apoptosis and protection from apoptosis
show an increased expression in HL tissue and/or
Reed-Sternberg  cells, including CD95/Fas
(Vassallo et al. 2003; although the neoplastic
cells show a remarkable resistance to Fas), Bcl-2
(Lauritzen et al. 1999; Kanavaros et al. 2000; Van
Spronsen et al. 2000; Vassallo et al. 2003; Kim
et al. 2003; Garcia et al. 2003; Kim et al. 2004),
Bcl-x (Schlaifer et al. 1996; Chu et al. 1999;
Lauritzen et al. 1999; Vassallo et al. 2003; Garcia
et al. 2003; Kim et al. 2004), Bax (Brousset
et al. 1996; Kanavaros et al. 2000; Vassallo
et al. 2003), Bak (Brousset et al. 1999), CD40
ligand (Metkar et al. 2001), Mcl-1 (Vassallo
et al. 2003), p53 protein and p53-binding protein
MDM2 (Chilosi et al. 1994; Lauritzen et al. 1999),
survivin (Garcia et al. 2003), and caspases
(Smolewski et al. 2000). Bel-2 protein reactivity
is not usually found in NLPHL (Algara
et al. 1991), but is observed in other types of HL
to variable degrees (Gupta et al. 1994). Less is so
far known about key mechanisms driving para-
apoptosis which is an important pathway for the
generation of typical mummified cells occurring
in HL. A recent study has shown that IGFIR
(insulin-like growth factor I receptor), as well as
the IGFIR intracytoplasmic domain, induces
non-apoptotic programmed cell death character-
ized by cytoplasmic vacuolation and resistance to
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apoptosis inhibitors, and this process requires
transcription and the de novo synthesis of pro-
teins. IGFIR-induced cell death is mediated by
caspase-9 which is, as such, an inducer of apopto-
sis via cleavage and activation of caspase-3 zymo-
gen and possibly other caspase zymogens, but in
para-apoptosis, the caspase-9 effects are different
from those in apoptosis owing to the effects of the
caspase inhibitors, BAF, p53 protein, and XIAP
(Sperandio et al. 2000).

What is the potential role of pro- and
antiapoptotic mechanisms in the striking resis-
tance of HL neoplastic cells to apoptosis? Dereg-
ulation of some of the factors seems to mediate
rescue from apoptosis. There are differences in
the expression patterns of Bcl-2 mRNA and
Bcl-2 protein (Hell et al. 1995). HL-derived cell
lines are resistant to Fas-mediated apoptosis and
thus behave differently in comparison with nor-
mal germinal center B cells that are eliminated
via a Fas pathway. The rescue mechanisms are
not yet fully known, but Reed-Sternberg cells,
although expressing Fas, exhibit a low frequency
of Fas gene mutations, and part of these muta-
tions may impair Fas/CD95 function in apoptotic
pathways (Muschen et al. 2000; Maggio
et al. 2003). Although expressed in HL cells,
Fas does not seem to significantly affect apopto-
sis in these cells, because an inhibitor protein,
cellular FLICE (FADD-like IL-1beta-converting
enzyme)-inhibitory  protein  (c-FLIP), is
expressed in the cells as well and protects them
from autonomous Fas-mediated death (Dutton
et al. 2004; Mathas et al. 2004). Inhibition of
Fas-mediated apoptosis in Reed-Sternberg cells
also seems to be mediated by constitutional
expression of the Fas inhibitor operational in
germinal B-cell survival, c-FLIP, in HL cells
(Thomas et al. 2002). Furthermore, in regard to
caspase effectors of apoptosis, one study did not
find significant cytoplasmic staining for caspase-
3 and caspase-8 in Reed-Sternberg cells (Xerri
et al. 2000), whereas others did (Smolewski
et al. 2000). The role of caspase activity in the
light of the relative apoptosis resistance of at
least some populations of neoplastic cells in HL
is complex and is modified by other effectors.
Cytochrome c fails to stimulate caspase-9 and
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caspase-3 activation in HL-derived B cells,
which is due to high level expression of the
X-linked inhibitor of apoptosis (XIAP), apopto-
sis protease-activating factor-1, and caspase-3
being complexed (Kashkar et al. 2003). The
expression of CD40 ligand in HL cells has been
suggested to rescue these cells from apoptosis
(Metkar et al. 2001). Soluble stem cell factor
which interacts with the c-kit receptor expressed
by Reed-Sternberg cells was able to partially
rescue these cells from apoptosis (Aldinucci
et al. 2002). On the other hand, some mecha-
nisms seem to promote apoptosis of HL cells
and therefore to be involved in pathways leading
to mummified cells. Apoptosis of the neoplastic
cells in HL is related to the expression of the cdk
inhibitor, p27KIP1, suggesting that the p27 and
possibly also the p21 pathways are involved in
protection from apoptosis in HL (Kolar
et al. 2000). The frequent expression in Reed-
Sternberg cells of the proapoptotic proteins, Bax
(Brousset et al. 1996) and Bak (Brousset
et al. 1999), may be an important feature in the
pathogenesis of mummified cells.

At least some of these factors seem to be cor-
related with the biology of disease. For example, a
high percentage of Reed-Sternberg cells
expressing Bcl-2 protein is associated with treat-
ment failure and subsequent poor survival in
young patients with nodular sclerosing HL (Van
Spronsen et al. 2000). The simultaneous expres-
sion of Bcl-2, Mcl-1, and EBV-associated LMP-1
was shown to significantly and independently be
correlated with excellent survival in classical HL
(Vassallo et al. 2003). High numbers of active
caspase 3-positive Reed-Sternberg cells predict a
favorable clinical outcome (Dukers et al. 2002),
although the action of caspases in these cell sys-
tems is complex, as briefly discussed above.

In contrast to pathogenic pathways promoting
apoptosis in neoplastic HL lineages, there are
mechanisms prolonging survival of these cells.
Telomerase expression and telomere lengthening
and inhibition of apoptosis by NF-kappaB expres-
sion and inhibitor of NF-kappaB mutations have
been suggested to play a role in the possible
immortalization of Hodgkin and Reed-Sternberg
cells (Emmerich et al. 2003; Zheng et al. 2004).
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Survival of HL cells is also promoted by a
Jaggedl-activated Notchl signaling pathway
(Jundt et al. 2002).

Invasion and Spread

It may be anticipated that, similar to other malig-
nant neoplasms, invasion and spread of HL cells
markedly depend on cell-to-matrix interactions,
all the more so as HL is characterized by a com-
plex mixture of neoplastic cell lineages and
nonneoplastic reactive tissues. It is well
established that hematologic neoplasms derive
from cell systems with an innate capacity of the
expression of enzymes acting on the extracellular
matrix, particularly metalloproteinases and
gelatinases. MMP-9 levels are substantially
increased in HL (Thorns et al. 2003; Hazar
et al. 2004), and in HL, MMP-9 has been shown
to be linked to an adverse prognosis (Kuittinen
et al. 2002), similar to NHL (Sakata et al. 2004),
suggesting a pathogenic effect promoting tumor
cell spread in the matrix. It has been found that
proteins associated with EBV (being involved in
the development of HL) may affect the expression
of metalloproteinase-9. This is of interest insofar
as EBV, and specifically its LMP-1, seems to
induce other invasion and metastasis factors,
such as type IV collagenase, cyclooxygenase-2,
and VEGF (Wakisaka and Pagano 2003). In fact,
several reports have described an upregulating
effect of LMP-1 on the expression of
metalloproteinase-9 (Yoshizaki et al. 1998, 1999;
Takeshita et al. 1999; Horikawa et al. 2000;
Yoshizaki 2002; Wang et al. 2002). However, no
correlation between the EBV status in HL and the
expression of MMP-9 was found in another inves-
tigation (Flavell et al. 2000).

HL tissue also expresses  proteins
counteracting metalloproteinases, in particular tis-
sue inhibitors of metalloproteinases (TIMPs),
similar to NHL (Kuittinen et al. 2003). Expression
of TIMP-1 has been detected in Reed-Sternberg
cells and found to be an autocrine and paracrine
survival factor, but also to be immunodepressant
via inhibition of T-cell-mediated cytotoxicity
(Oelmann et al. 2002). It has been shown that
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the expression of TIMP-1 protein is strongly asso-
ciated with the nodular sclerosis subtype and the
existence of a bulky tumor in HL, while the
expression of TIMP-2 is correlated with the occur-
rence of B symptoms, suggesting that TIMP-1
may promote growth of HL and linked to
increased connective tissue turnover, whereas
TIMP-2 may correlate with systemic effects of
the disease (Pennanen et al. 2004). On the other
hand, the expression of MMPs is induced by the
extracellular MMP inducer (EMMPRIN). It was
found that EMMPRIN and TIMP-1 were
co-expressed in two thirds of HL (Thorns
et al. 2002, 2003) and the interplay of these two
factors may modulate the MMP activity in spread
of HL. MMPs are also integrated in a complex
network of other proteins, including CD30 that is
expressed by a set of HL cells. It has been shown
that CD signaling affects lymphoid cell trafficking
and homing to lymph nodes (Muta et al. 2000).
Furthermore, CD30 affects, via mediation of
ICAM-1 upregulation, lymphocyte cluster forma-
tion in lymphoid tissues (lymphocyte self-
aggregation; Nam et al. 2002). Apart from
metalloproteinases, distinct components of the
extracellular matrix (ECM) itself and cell surface
molecules interacting with the ECM seem to
affect the spreading mechanisms of HL cells.
Syndecan-1 (CD 138) is a cell surface proteogly-
can belonging to the syndecan family of cell sur-
face transmembrane heparan sulfate
proteoglycans participating in proliferation, cell
migration, and cell-matrix interactions and thus
is a multifunctional regulator of cell behavior
within the microenvironment of normal cells and
several tumors (Dhodapkar and Sanderson 1999;
Congjo et al. 2000). Specifically, syndecan-1 has
anti-invasive properties dependent on an invasion
regulatory domain within the core protein
(Langford et al. 2005). The cell-matrix relation-
ship by syndecan-1 is also mediated by its
ectodomain regulating alpha(v)beta(3) integrin
activity (Beauvais et al. 2004), and shed
ecodomains exert a proteolytic activity observed
in a wound healing model of mice overexpressing
syndecan-1 (Elenius et al. 2004). It is also
involved in osteoprotegerin-induced chemotaxis
in peripheral blood monocytes. The proteoglycan
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also makes part of mechanisms controlling vascu-
lar development, in that ephrinB2 and EphB4, its
cognate receptor, upregulate syndecan-1 in
inflammatory angiogenesis (Yuan et al. 2004).
Syndecan-1 is associated with post-germinal cen-
ter and terminal B-cell differentiation and is
expressed by Reed-Sternberg cells (Carbone
et al. 1997), but only in distinct subtypes of HL:
it is not expressed by nodular sclerosis HL, but is,
together with Bcl-6, expressed in classical mixed
HL (Carbone et al. 1998); furthermore, the
syndecan-1+-MUM1/IRF4+Bcl-6- phenotype
characterized HIV-HL (Carbone et al. 2001). In
B-cell NHL, the expression of one of the hyal-
uronidases, HYAL2, acting on the substrate
hyaluronan, was related with tumor aggressive-
ness (Bertrand et al. 2005), and it may be antici-
pated that this pathway is also active in the spread
of HL.

The spread of HL is, furthermore, affected by
the composition and amount of stroma and the
local vascular geometry and thus by angiogenesis.
The stromal response, which is a dominant feature
in the NSHL subtype, is at least in part regulated
by TGF-beta that is chiefly expressed in the nod-
ular sclerosis variants (Kadin et al. 1990). It has
been documented that vascular endothelial
growth factor (VEGF) is expressed in HL (Foss
et al. 1997) and specifically by neoplastic
Hodgkin/Reed-Sternberg cells in HL but also by
nonneoplastic cells (in particular macrophages)
located to the stroma (Doussis-Anagnostopoulou
et al. 2002)

History of the Hodgkin Disease
Concept

Several synonyms of this disease were previously
recognized, part of them integrating the observa-
tion that the progressive lymph node disorder was
not associated with leukemia (lymphogranuloma-
tosis maligna, lymphomatosis granulomatosa,
malignant lymphogranuloma, pseudoleukemia,
fibromyeloid medullary reticulosis, Paltauf-
Sternberg disease, Hodgkin-Paltauf-Sternberg
disease, Sternberg disease, Bonfils’ disease,
Bonfils’ syndrome, Hodgkin granuloma, Hodgkin
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syndrome, Pel-Ebstein fever, anemia sive
cachexia lymphatica, cachexie sans leucémie,
adénie, lymphadenoma, lymphome ganglionnaire
anémique, progressive multiple lymph node
hyperplasia, malignant aleukemic
lymphadenoma). This goes back on a series of
seminal reports describing the disorder (Hodgkin
1832; Bonfils 1857; Wilks 1865; Greenfield 1876;
Pel 1885; Ebstein 1887; Paltauf 1897; Sternberg
1898; Fraenkel and Much 1910b). Thomas Hodg-
kin (1798-1866) was an English physician and
pathologist. In 1825 he was elected member of the
Royal College of Physicians in London, was
appointed to a position as physician to The
London Dispensary (comparable to present emer-
gency unit), and became the curator of the pathol-
ogy Museum at Guy’s Hospital Medical School.
Here, he started his career as a leading pathologist
of his time and in 1827 became the first reader in
England lecturing on pathological anatomy. He
discovered the biconcavity of erythrocytes and
the cross-striation of skeletal myocytes, but is of
course best known for the description of the dis-
ease now bearing his name (Hodgkin 1832). At
Guy’s Hospital in London, Hodgkin was a col-
league of Richard Bright and Thomas Addison.
Unfortunately for him, he was denied professional
advancement, and he later devoted most of his
time to issues of social medicine, predominantly
the medical problems of the poor and
unprivileged, specifically American Indians and
natives of black Africa. He was one of the foun-
ders of the British and Foreign Aborigines Protec-
tion Society, the later British and Foreign Anti-
Slavery Society. Up to now, the seven original
preparations of Hodgkin lymphogranulomatosis
are kept in Guy’s Hospital in London. The later
analysis of these cases confirmed the diagnosis of
the now Hodgkin disease in three of the seven,
one designated as “cancer cerebriformis.”

Carl Sternberg (Carl von Sternberg;
1872—-1935) was working as assistant of pathol-
ogy in the Viennese Rudolfspital, where he was
influenced by professor Richard Paltauf
(1858-1924). Several years after the first world
war, where he earned great reputation for fighting
for soldiers’ rights, he became full professor in
Vienna in 1926. His main research concerned
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tuberculosis and leukemia. In 1898, he published
his work (in a Journal edited in Prague) on what is
now known as Hodgkin disease, but regarded by
him as a special form of tuberculosis (“eigenartige
Tuberkulose des lymphatischen Apparates™), and
described one of the cellular hallmarks of this
disease (review: Sternberg 1936). HL, early
thought to be a variant of tuberculosis, was then
named, Sternberg disease or Paltauf-Sternberg
lymphogranuloma, until Pappenheim coined the
term lymphogranulomatosis.

Although Hodgkin and Sternberg are in the
center of the recognition of the disease in ques-
tion, others have contributed much to our
understanding of Hodgkin disease. Another
British physician, Samuel Wilks, independently
described the same disease and with greater
precision (Wilks 1856). But he recognized
Hodgkin’s priority and named the disease for
Hodgkin in an article in Guy’s Hospital Reports
entitled “Cases of enlargement of the lymphatic
glands and spleen (or, Hodgkin’s disease) with
remarks” (Wilks 1865). There is some evidence
that a disease possibly representing Hodgkin
disease was already described by Malpighi
and Morgagni (in Birch-Hirschfeld 1878).
Marcello Malpighi (1628-1694) is said to
have described lesions corresponding to Hodg-
kin disease in 1666 (Malpighi 1666). Giovanni
Battista Morgagni (1682—-1771) presents a
description of a disorder likely to be Hodgkin
disease in his famous work entitled De Sedibus
et Causis Morborum per Anatomen Indagatis
(On the seats and causes of diseases investi-
gated by anatomy) (Morgagni 1761). The
view of Sternberg that HL may represent a
unique form of tuberculosis was put into ques-
tion several years after his descriptions only.
Chiari had observed in several patients that
the “granulomatous disease” can progress into
a sarcomatous growth, with diffuse infiltration
of organs adjacent to the lymph nodes initially
involved, and already remarked that, in this
situation, the cellularity of the lesions may
increase (cited in Dietrich 1908), and these
observations were confirmed later, leading to
the term “granuloma-like sarcoma of lymph
nodes” (Dietrich 1908).
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An interesting history also relates to the giant
cell that is such a typical feature of Hodgkin
disease (the Reed-Sternberg cell). These charac-
teristic giant and/or multinuclear cells were
already  registered by  early  authors
(v. Hiittenbrenner 1871; Langhans 1872;
Greenfield 1878; Dreschfeld 1891; Hiibener
1893; Gilbert and Weil 1900; Dietrich 1908).
Langhans, in his description of what was then
termed “hard lymphosarcoma” (i.e., sclerosing
forms of Hodgkin disease), noted scattered large
cells with 2 or 3, and sometimes many more,
nuclei of irregular shape (“Hie und da finden
sich zerstreut grossere dunkelkérnige Zellen,
etwa von der Grosse der Schleimkérper, mit 2, 3
auch mehr Kernen, und ferner wahre
Riesenzellen, grosse Haufen von dunkelkorniger
Zellsubstanz mit 10, 20 Kernen, von linglich
unregelmdssiger Gestalt”). These cells do not
represent the reactive multinuclear giant cells
also detected by Langhans, but in fact a first
description of the later Reed-Sternberg cell
(Langhans 1872). Langhans refers, in his work,
to a similar observation by v. Hiittenbrenner
(1871), who described “multinuclear protoplas-
mic masses (giant cells)” and “myeloplaques a
plusieurs noyaux.” The striking giant cells were
reported again in 1878 (Greenfield 1878). In his
autopsy study on HL patients, Greenfield
described the cells observed in enlarged lymph
nodes as follows: “There were a large number of
multinucleated cells adherent to the trabeculae,
well seen on washing away the lymph cells.
These multinucleated cells, containing from 4 to
8 or 12 nuclei, were often collected in clusters in
the parts of the gland especially where the fibrous
change was progressing” (Greenfield 1878). In his
Fig. 2 (a drawing by the author), the typical large
nuclei with the characteristic prominent nucleolus
are nicely depicted. It is seen that this author
already recognized that the cells in question
occur in clusters, what is typical for certain vari-
ants of HL. Hiibener described, based on the
autopsy of a 5-year-old girl with typical HL,
large cells in involved lymph nodes, characterized
by the presence of two or more nuclei (Hiibener
1893). The detailed description of the characteris-
tic cells occurring in HL was performed by
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Sternberg (Sternberg 1898). Four years later
appeared the work of Dorothy Reed Mendenhall
(1874-1964) who not only produced more rele-
vant information on the unique cells types but also
separated Hodgkin disease from tuberculosis
(Reed 1902). The so-called lacunar Reed-
Sternberg cells chiefly observed in the nodular
sclerosis variant of HL and characterized by cyto-
plasmic retraction in formalin-fixed samples have
probably first been described in 1900 (Gilbert and
Weil 1900; “la tres grosse majorité (des cellules)
sont constituées par un gros noyau arrondi ou
ovalaire, tres clair, vésiculeux, que I’hématéine
teinte a peine en violet clair et qui présente un
ou deux nucléoles; on ne constate presque pas de
protoplasme autour de ce noyau’; the large major-
ity of the cells exhibit a large, roundish, or ovoid
nucleus, very clear, vesicular, that the hematein
hardly stains violet, and that show one or two
nucleoli; one detects almost no cytoplasm around
these nuclei). A further characteristic feature in
HL is the presence of a distinct type of Hodgkin
cell apoptosis, resulting in so-called mummified
cells (see below). It seems that this feature was
first recognized in 1910 already. In an autopsy
case of HL (“Sternberg’s so-called peculiar tuber-
culosis of the lymphatic system”) Graetz found
large and giant cells in the bone marrow (with
indented, reniform, or lobulated nuclei), part of
these cells showing “marked pycnosis or other
signs indicating cell decay” (Graetz 1910).
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