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Hodgkin’s lymphoma represents one of the most frequent lymphoproliferative syndromes, especially in young population.
Although HL is considered one of the most curable tumors, a sizeable fraction of patients recur after successful upfront treatment
or, less commonly, are primarily resistant. This work tries to summarize the data on clinical, histological, pathological, and
biological factors in HL, with special emphasis on the improvement of prognosis and their impact on therapeutical strategies.
The recent advances in our understanding of HL biology and immunology show that infiltrated immune cells and cytokines in
the tumoral microenvironment may play different functions that seem tightly related with clinical outcomes. Strategies aimed at
interfering with the crosstalk between tumoral Reed-Sternberg cells and their cellular partners have been taken into account in the
development of new immunotherapies that target different cell components of HL microenvironment. This new knowledge will
probably translate into a change in the antineoplastic treatments in HL in the next future and hopefully will increase the curability
rates of this disease.

1. Introduction

The hallmarks of HL are mononuclear Hodgkin’s cells and
multinuclear Reed-Sternberg (H/RS) cells, which usually
account for only 1% of cells in tumor tissue. Evidence has
accumulated that H/RS cells harbor clonally rearranged and
somatically mutated immunoglobulin genes, indicating their
derivation, in most cases, from germinal center (GC) B cells
[1–3]. Some HL cases have been identified in which the H/RS
is of T-cell origin but these are rare, accounting for 1-2%
of cHL. Under normal conditions, GC B cells, that lack a
functional high affinity antibody, undergo apoptosis in the
germinal center. H/RS cells show a characteristically defective

B-cell differentiation program, lose the capacity to express
immunoglobulin, and, therefore, should die. However, H/RS
cells escape apoptosis and instead proliferate, giving rise to
the tumor and the immune response that characterizes [1–
3]. The presence of a characteristic inflammatory microen-
vironment is a fundamental component of the tumor mass
and an essential pathogenetic factor in classical HL (cHL). It
could supply the tumor cells with growth factors and could
also inhibit antitumor immune responses. As the tumor
cells and the reactive infiltrate grow up together, there is an
extensive crosstalk between these two components mediated
by cytokines and chemokines expressed by both cells. The
most relevant mechanisms of immune escape are exerted by
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neoplastic cells but also by specific immune cells polarized
towards a Th2 phenotype in order to evade antitumor immu-
nity. The pathogenetic role of Epstein-Barr virus (EBV)
potentially based on cytotoxic T cells specifically directed
towards EBV antigens also appears to influence the compo-
sition of the infiltrating immune cells population, which on
the other side may have an impact on clinical presentation
and outcome.

The functional role of the microenvironment and the
EBV in the pathophysiology and immune escape mecha-
nisms of HL is an exciting new field of basic and translational
research. Although chemotherapy and radiotherapy remain
the cornerstone of HL treatment, up to 30% and 10% of
patients will recur and die of HL in advanced and early dis-
ease, respectively. Therefore, current cancer research in HL
aims to develop methods to increase the effectiveness of host
antitumoral immune response, mainly with biologic thera-
pies that use the body’s immune system, either directly or
indirectly, to fight HL.

2. Microenvironment Composition in HL

2.1. Recruitment of HL Microenvironment. In most HL cases,
H/RS cells represent the minority of the tumor burden and
are dispersed among reactive elements comprising mixture
of inflammatory cells, stromal cells, and a predominance of
Th2 cells between the various subpopulations of lymphoid
cells [4, 5]. Polarized Th1 and Th2 cells represent two
subgroups of helper T cells that not only exhibit different
functional properties but also show the preferential expres-
sion of some activation markers and distinct transcription
factors. On the contrary to Th1 cells, the Th2 cells produce
IL-4, IL-5, IL-10, and IL-13, which are responsible for strong
antibody production and inhibition of several macrophage
functions, thus providing phagocyte-independent protective
responses. In such a setting, the “pressure” of the microen-
vironment over the neoplastic cells may be perceived as
well as a strong reciprocal influence between H/RS cells and
the diverse types of reactive cells. H/RS cells have a major
role in the orchestration of the microenvironment milieu
associated with HL. They can directly induce the recruitment
of several immune cell types from the peripheral circulation
and also trigger the local expansion of diverse cellular sub-
sets. A whole plethora of soluble mediators synthesized by
H/RS cells with chemotactic activity such as the cytokines
and chemokines IL-5, IL-8, IL-9, CCL-5, and CCL-28 are
involved in the recruitment of granulocytes, mast cells, and
macrophages, whereas IL-7, CCL-5, CCL-17, CCL-20, and
CCL-22 were effectors of lymphocyte recruitment and
expansion [6]. Recruitment of infiltrating immune cells is
also boosted by reactive cells themselves and particularly by
macrophages and mast cells synthesizing CCL-3, CCL-4, and
CCL-8 chemokines [6, 7].

Chemokine receptors, CXCR3, CXCR4, and CCR7, and
adhesion molecules including CD62 ligand were found to
be expressed on most T cells within HL tissues, while the
corresponding ligands were expressed on malignant cells
and vascular endothelium. These features resemble the

mechanisms of T-cell recruitment observed in normal
lymph nodes, thus further highlighting the crosstalk among
neoplastic and nonneoplastic cells within the HL microenvi-
ronment [8].

2.2. Microenvironmental Cell Types. Innate immunity is rep-
resented essentially by dendritic cells (DCs), macrophages,
natural killer (NK), NK/T cells, neutrophils, cytokines, and
complement proteins, whereas adaptive immune cells are
represented by B lymphocytes, CD4+ T-helper lymphocytes,
and CD8+ cytotoxic lymphocytes (CTL). In the majority of
HL tissues, different studies confirmed the predominance
of CD4+ T lymphocytes in the background of tumoral
cells in addition to a high number of cytotoxic cells (CD8,
CD57, TIA-1) (Figure 1) [9–11]. The composition of the
infiltrate has been seen to differ depending on the histological
subtypes of cHL and the discrete stages of the disease
course but also on the state of immunosuppression of HL
patients. The reactive background is most pleomorphous in
HL cases of the mixed cellularity histotype (MCHL), where
inflammatory elements efface the lymph node architecture,
while it is mainly composed of lymphocytes organized within
preserved or regressed lymphoid follicles in cases of the
lymphocyte-rich type (LRHL) [12–17]. In the nodular
sclerosis variant (NSHL), the presence of a prominent mixed
inflammatory background may be progressively reduced by
the accumulation of collagen fibrosis suggesting a dynamic
process of tissue remodeling [12–17].

2.3. Crosstalk between Tumoral and Immune Cells. The con-
tinuous interaction pathways of H/RS cells with nonma-
lignant reactive and stromal cells in lymphoma tissues is
now a clear evidence [6]. Several observations indicate that
H/RS cells are dependent on survival signals received from
immune/inflammatory cells [18]. CD4+ T cells, the largest
population of infiltrating immune cells, are presumably par-
ticularly important [19]. Some of the survival signals that
are provided by inflammatory cells to the H/RS cells are the
triggering of CD40 signaling by CD40L-expressing rosetting
T cells, activation of TACI and BCMA through production of
their ligand APRIL by neutrophils, and perhaps activation of
CD30 through CD30L-expressing mast cells and eosinophils.
Moreover, H/RS cells express IL-3R, which has growth- and
survival-promoting effects following activation, and there
is evidence that H/RS cells can induce activated T cells to
secrete IL-3 [20]. H/RS cells stimulate fibroblasts through
various factors (e.g., TNFα, transforming growth factor-β
(TGF-β), and fibroblast growth factors) [21, 22], and the
activated fibroblasts in turn produce eotaxin and CCL5, thus
contributing to the attraction of eosinophils and Tregs into
the lymphoma [22]. H/RS cells also orchestrate their cellular
microenvironment to evade an attack by cytotoxic T cells
or natural killer cells. The presence of a large population of
Tregs in the HL microenvironment is presumably established
not only by the chemokine-mediated attraction of such cells
but also by induction of differentiation of naive CD4+ T
cells into Treg cells by H/RS cells [23]. Unexpectedly, high
numbers of Treg cells in the HL microenvironment have been
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Figure 1: Immunohistochemical staining of inflammatory background in HL: T lymphocytes (CD4 and CD8), NK cells (CD57), and cyto-
toxic cells (TIA-1).

linked to a good prognosis, indicating that Treg cells may
also have some suppressive activity on H/RS cells or on other
inflammatory cells that support H/RS cell survival and/or
proliferation [24, 25]. H/RS cells may further modulate their
cellular microenvironment by shifting a Th1-type response
to a Th2 response, which often has tumor-promoting activ-
ities [26]. H/RS cells also produce the immunosuppressive
cytokines IL-10 and TGF-β, and galectin 1 (Gal-1) and
prostaglandin E2, which inhibit T-cell effectors functions
[27–31]. Moreover, T-cell effectors functions are inhibited
by binding of programmed cell death protein 1 (PD-1) on
T cells to the PD1 ligand that is expressed by H/RS cells
[32, 33].

2.4. Microenvironment, Hematopoiesis, and Extracellular
Matrix. The hematopoietic microenvironment is consti-
tuted by a three-dimensional complex and highly organized
structure (stromal cells, extracellular matrix (ECM), and
cytokines/chemokines), which serves to regulate the location,
proliferation, and function of the hematopoietic cells [34].
Their alterations not only have great importance in the
physiopathology of some leukemia/lymphoma but also in
the formation of the intratumoral cell microenvironment.
ECM represents a biophysical filter that offers protection,

nutrition, and cell innervation, giving way for immune res-
ponse, angiogenesis, fibrosis, and tissular regeneration [35].
Its disruption supposes a functional loss for nutrition, elim-
ination, cell denervation, regenerative capacity, and wound
healing. This also causes the loss of the immune response
to pathogens, toxins, and tumoral cells. HL was the first
hematopoietic tumor to be characterized as having clearly
aberrant nuclear factor-κB (NF-κB) activity that appears
closely linked to the cellular interactions within the bone
marrow microenvironment: direct contact of tumoral cells
with the EMC, bone marrow stromal cells (BMSCs), osteo-
blasts, or other cellular compartments in the BM. In HL, NF-
κB is constitutively activated and serves as survival factor
of tumoral cells [36–38]. To date, several pathways have
been suggested to induce aberrant signaling in H/RS cells,
including expression of Epstein-Barr virus latent membrane
protein-1 (EBV-LMP-1), increased IKK activity, functional
expression of receptor activator of NF-κB (RANK), or
ligand-independent signaling following overexpression of
CD30 [39, 40]. EBV, similarly to other viruses and certain
bacteria, may induce pathological changes by epigenetic
reprogramming of host cells. In HL, LMP1 can modulate
cellular gene expression programs by affecting, via the NF-
κB pathway, levels of cellular microRNAs miR-146a and
miR-155 [41]. Elucidation of the epigenetic consequences of
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Figure 2: Reed-Sternberg cell (a) seen in a cellular background rich in lymphocytes of a classical Hodgkin’s lymphoma. Immunohistochem-
ical expression of the activation markers CD30 (b) and CD15 (c).

EBV-host interactions (within the framework of the emerg-
ing new field of pathoepigenetics) may have important
implications for therapy and disease prevention, because
epigenetic processes are reversible, and continuous silencing
of EBV genes contributing to pathoepigenetic changes may
prevent disease development.

3. Hodgkin’s Lymphoma in
Immunosuppressed Patients

cHL in non-immunosuppressed and immunosuppressed
individuals are similar in morphology of neoplastic cells,
expression of activation markers such as CD30 and CD15
(Figure 2), and aberrations/activation of NF-κB pathway,
but they differ in the strict association with EBV infection,
persistent B-cell phenotype, and CD4 cellular background
composition [42]. In immunosuppressed hosts, according
to the type of immunosuppression, cHL include human-
immunodeficiency-virus- (HIV-) associated, iatrogenic, and
posttransplant types.

3.1. HIV-Associated cHL. cHL represents the most common
nonacquired immunodeficiency syndrome (AIDS) tumor
diagnosed in patients with HIV infection. The risk is signifi-
cantly increased in all ages and the risk relative to the general
population ranging from 5- to 15-fold [19, 43–45]. More-
over, a significant increase in the incidence of cHL in
patients treated with highly active antiretroviral therapy
(HAART) has been observed. HIV-HL exhibits pathological
features that are different from those of HL in “general
population” with predominance of unfavorable histological
subtypes (MC and LD) [46–48]. One of the peculiar clinical
features of HIV-cHL is the widespread extent of the disease at
presentation and the frequency of systemic B symptoms [48].
The widespread use of HAART has resulted in substantial
improvement in the survival of patients with HIV infection
and lymphomas because of the reduction of the incidence
of opportunistic infections, the opportunity to allow more
aggressive chemotherapy, and the less-aggressive presenta-
tion of lymphoma in patients in HAART compared with
those lymphomas which arise in patients who never received

HAART [49, 50]. Optimal therapy for HIV-cHL has not been
defined yet. The widespread use of HAART allows the use of
more aggressive chemotherapeutic regimens generally used
in cHL in HIV negative patients. Since a large proportion
of HIV-cHL progresses and relapses, the use of HDC and
autologous stem cell transplantation (ASCT) has been tested
in this setting [51–53].

3.2. Posttransplant Associated cHL. The majority of trans-
planted patients are initially managed by reduction and/or
withdrawal of immunosuppression. Posttransplant lympho-
proliferative disorders (PTLDs) are a heterogeneous group
of monoclonal or polyclonal lymphoproliferative lesions that
occur in immunosuppressed recipients after solid-organ or
bone marrow transplantation [54, 55]. Generally, the time
from transplant to the development of the disease ranges
from few months (4–6 months) to several years, with a
median time of 113 months, significantly longer than that
of classical B-cell PTLDs. The posttransplant cHL setting,
most often in renal transplant patients, is almost always EBV
positive [56–59]. The distinction of Hodgkin’s-like PTLD
from true Hodgkin-type PTLD may be difficult [56]. Dif-
ferent studies have described the clinical course, generally
very aggressive, and the poor outcome of patients receiving
posttransplant immunosuppression. The use of chemother-
apy is limited by the clinical condition of patients, and the
response rate is generally lower than that observed in all other
forms of cHL. Recently, rituximab has also gained favor in the
treatment of PTLD because of its targeting of CD20-positive
B cells, with fairly promising results [60].

3.3. Refractory cHL. Refractory cHL patients are defined as
patients who do not respond to first-line chemotherapy or
progress during treatment or relapse within 3 months after
the first-line therapy. They represent 20–25% of cHL with
advanced stage disease [61, 62]. Many of these patients have
a poor overall survival and may die as result of their disease.
To date, there is no consensus on biological markers that
add value to usual parameters (which comprise the IPS) used
at diagnosis to predict outcome. The prognostic significance
of CD20 expression in cHL is controversial and a matter of
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Table 1: Recompilation of the different factors implicated in the tumoral immune escape in HL.

Strategy Mechanisms Regulated factors

Tumoral protective
action

Upregulation of growth and survival receptors expres-
sion [6]

IL-7R, IL-9R, IL-13R, TACI, and CCR5 tumoral cells

Downregulation of transcription factors [71]
IL-6R, TACI, RANK, TNFR-1, Cys-LT receptors, and
NOTCH-1

Upregulation of Th2 cells attractant chemokines [28] TARC, MDC

Upregulation of apoptosis/proliferation modulators
[20, 28, 72–74]

Fas, FasL, IL-1β, TGF-β, TNFR, IL-13, IL-3

Upregulation of immunoregulatory protein and regula-
tory T cells [27, 33]

Gal-1, PD1

Downregulation of adhesion factors [79] HGF, c-MET

Downregulation of cytotoxic cells activity [75, 77, 126–
135]

MHC I, PI9, IL-10, TGF-β, LAG-3, CTLA-4

Upregulation of inhibitory T cells activator [31] PGE2

Selection of minor side population [87, 88, 91] MDR1, ABCG2, gemcitabine resistance factor

Reprogramming of
tumoral cells

Mutations/downregulation of MHC class II [92] CIITA

Upregulation of death receptors ligands [33] PDL1

Upregulation of immunosuppressive factors [32, 93] TGF-β, PD-1

Tolerance induction
by TAM

Macrophage deviation to Th2 differentiation (TAM)
[110, 112, 113]

IL-6, TNF, IL-1β, IL-23

Upregulation of inflammatory and matrix-remodeling
genes [125]

C1Qalpha, C1Qbeta, and CXCL9

Tolerance induction
by Tregs

Conversion of naı̈ve regulatory T cells to CD4+ CD25+

[101, 102]
Foxp3

Dowregulation of CTL activity [104, 105] IL-2Rα (CD25), Il-10, TNF-β

ongoing debate [63–66]. A recent retrospective study shows
that new immunohistochemical markers might predict the
response to treatment of cHL based both on features
of tumoral cells and on microenvironment [67]. Patients
presenting either a refractory and early relapse cHL or a
responding disease provided evidence that HRS cells present
at diagnosis an overexpression of BCL2 marker and a
frequent absence of CD20 expression and that there is an
excess of cytotoxic TIA-1 and ckit-positive mast cells in the
microenvironment. In patients with refractory disease, who
have attained at least a partial response after salvage ther-
apy, intensification with high-dose chemotherapy (HDC)
significantly improves the outcome of patients. However,
patients with primary refractory disease still showed a worse
prognosis [68, 69].

4. Immune Escape Mechanisms in
HL and Prognosis

The immune system has the ability to act as a double-edged
sword, indicating that tumor elimination requires a good
coordination of the various elements of the immune system
(Table 1). If tumoral cells employ a plethora of immunosup-
pressive mechanisms, which may act in concert to counteract
effective immune responses, different subsets of immune
cells contribute also to this immunosuppressive network
(Figure 3) [70].

4.1. Tumoral Protective Action. The microenvironment of HL
is sustained by an autocrine and/or paracrine production of
several cytokines including, among others, IL-5, IL-8, IL-9,
CCL-5, and CCL-28. The release of these molecules is also
responsible for most of the symptoms recorded in patients
with HL, in addition to the ability of the neoplastic cells
to escape from growth controls and immunosurveillance.
Effectively, H/RS cells are able to sense growth and survival
signals coming from the growth factor milieu, owing to the
expression of a broad range of receptors including IL-7R, IL-
9R, IL-13R, TACI, and CCR5 [6]. Along with growth factors,
also proinflammatory cytokines and mediators can sustain
H/RS cell expansion through the activation of pathways con-
verging into the NF-κB focal point, such as those triggered
by IL-6R, TACI, RANK, TNFR-1, Cys-LT receptors, and
NOTCH-1 engagement [71]. These proinflammatory spurs
may be either derived from the microenvironment (e.g.,
leukotriene production by mast cells and NOTCH-1 ligand
expression by stromal cells) or originate from both H/RS cells
and reactive elements (e.g., IL-6, TNF).

The H/RS cells secrete high amounts of chemokine,
thymus and activation-regulated chemokine (TARC) and
macrophages-derived chemokine (MDC) in particular,
which attract lymphocytes expressing CCR4 receptor, such as
Th2 [28]. These cytokines may contribute to the pathogene-
sis of the disease initiated and sustained the presence of the
reactive infiltrate. Immune cells present in the local infiltrate
have proved to be capable of modulating apoptosis and of
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Figure 3: Immunohistochemical staining of immunosuppressive cells in HL: tumor-associated macrophages TAM (STAT-1 and CD68) and
regulatory T cells (FOXP3 and LAG-3).

inducing proliferation of tumoral cells via death receptors,
cytotoxic granule liberation, and withdrawal of growth
factors or production of immunosuppressive cytokines [28,
72–74]. In HL, it has been initially proposed that CD4+ T
cells produce cytokines of Th2 type that could contribute to
local suppression of the cellular immune response mediated
by Th1 cells [75, 76]. Immunoregulatory cytokines such
as IL-10 and TGF-β play an important role in immune
tolerance, and it seems that suppressor effect of regulatory T
cells (CD4+CD25+) on the development of tumor associated
antigen-reactive lymphocytes is independent of cytokines
[20].

Several other molecules have been tested for their
possible involvement in such a context. For instance, Prostag-
landin E2 has been shown to impair CD4+ T-cell activation
[31]. Tissue inhibitor of metalloproteinases 1 (TIMP-1) is a
protein with proteinase-inhibiting and cytokine properties
which has been advocated not only as a survival factor
for H/RS cells but as potential immunosuppressive agent.
Also, the downregulatory molecule cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4) was shown to play a possible
role, as the proportion of CTLA-4+/CD3+ cells negatively
correlated with proliferative activity, IL-2 and IFN-γ pro-
duction by T lymphocytes in HL patients [77]. Even CD30,
which is typically expressed on HRSC, was shown to inhibit T
cell proliferation [78]. Other potentially involved molecule is

the Gal-1, produced by H/RS cells. In fact, blockade of Gal-1
was able to restore the Th1/Th2 balance [27]. It has been also
proposed that hepatocyte growth factor and c-MET might
constitute an additional signaling pathway between H/RS
cells and the reactive cellular background, affecting adhesion,
proliferation, and the survival of H/RS cells [79].

The 15–25% of HL patients who did no respond to
standard chemotherapy regimens will die of relapse [80],
probably due to the presence of a small number of cells
resistant to chemotherapy or radiation treatment that are not
eliminated by the endogenous immune system. This minor
side population (SP) of tumor cells has been previously iden-
tified as cells with stem/progenitor cell-like characteristics
from normal [81, 82] and malignant tissues [83–86]. These
SP cells also express multidrug transporter proteins, includ-
ing MDR1 and ABCG2 [87, 88], which not only efflux
Hoechst dye but also rapidly reduce the intracellular concen-
trations and thus the cytotoxicity of many commonly used
therapeutic drugs [89, 90]. In a more recent study, Schafer
and collaborators identified a distinct SP subset in HL cell
lines and primary tumor biopsies that are resistant to gem-
citabine [91]. This SP subset also expresses tumor-associated
antigens, which render them susceptible to killing by tumor-
specific CTLs following demethylation with decitabine. This
study suggests that combination therapeutic strategies that
use conventional chemotherapy to debulk tumor burden,
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followed by novel drugs such as histone deacetylation
(HDAC) inhibitors and T cell immunotherapy, may elim-
inate residual chemoresistant tumor cells and help prevent
disease relapse.

4.2. Reprogramming of Tumoral Cells. The escape from
apoptosis and transcriptional reprogramming of H/RS cells
are interlinked and seem important to disease pathogenesis.
In cHL and primary mediastinal B-cell lymphoma, genomic
breaks of the major histocompatibility complex (MHC)
class II transactivator CIITA have been demonstrated to be
highly recurrent (15% and 38%, resp.) [92]. The functional
consequences of CIITA gen fusions is the downregulation
of surface HLA class II expression and overexpression of
ligands of the receptor molecule PD-1 (CD274/PDL1 and
CD273/PDL2). These receptor-ligand interactions have been
shown to impact antitumor immune responses in several
cancers, whereas decreased MHC class II expression has been
linked to reduced tumour cell immunogenicity. The explo-
ration of the possible role played by the PD-1 protein shows
that this molecule (expressed on the surface of activated T
cells, B cells, and macrophages) and its ligands are involved
in the functional impairment of T cells in chronic viral
infections or HL tumor immune evasion. HL was shown to
overexpress PD-1 ligand, while PD-1 was markedly elevated
in tumor-infiltrating and peripheral T cells of these patients.
Moreover, blockade of the PD-1 system was able to restore
the IFN-γ production by HL-infiltrating T cells [33]. Using
a genome-wide transcriptional approach, CD4+ T cells in
HL were demonstrated to be under the inhibitory influence
of both TGF-β and PD-1 in vivo [32]. An increase in
the number of PD-1+ lymphocytes, measured within a
tissue microarray platform, was also shown to be a stage-
independent negative prognostic factor of overall survival
as opposed to the number of FOXP3+ Tregs [93]. All these
findings seem to suggest that the impairment of the typical
immune response in HL, is, at least partially, mediated by the
PD-1 signaling pathway.

4.3. Regulatory T Cells (Tregs). The categorization of CD4+ T
cells in Th1 and/or Th2 constitutes an oversimplification and
it has been shown that regulatory T cells with CD4+CD25+

phenotype not only play a role in controlling autoimmunity
but also have suppressive effects on immune responses [94–
96]. In cancer-bearing animals or patients, Tregs expand,
migrate to tumor sites, and suppress antitumor immune res-
ponse mediated by NK cells, CD4+ and CD8+ T cells, and
myeloid cells, through different molecular mechanisms [97].
Functional and molecular characterization of these cells has
been facilitated by the identification of markers such as
FOXP3 and others [98–100]. FOXP3 encodes a transcription
factor known as Scurfina, specifically expressed by T cells
CD4+CD25+ [101], that acts on converting naı̈ve regulatory
T cells CD4+CD25− phenotype to CD25+ [102]. More
recently, it was suggested that regulatory T cells and PD1+

T cells interact with H/RS cells [24, 33, 103], which produce
the T regulatory attractant Gal-1 and the PD-1 ligand, PDL-
1 [33]. On the other hand, the observation of numerous

CXCR3+ lymphocytes in some HL tumors has raised the pos-
sibility of an occasional Th1-predominant immune response
[10].

The regulatory T cells can inhibit the production of IL-2
to regulate the high expression of IL-2Rα (CD25), that is,
delay or block the activation of CD8+ cells and NK cells
against tumor antigens [104, 105]. The immunosuppressive
properties of regulatory T cells appear to be particularly
important because of its large effect on cellular cytotoxicity
represented by CTLs and NK cells. The presence of low
numbers of FOXP3+ cells and a consequent high rate of TIA-
1+ cells in the infiltrate represents an independent prognostic
factor negatively affecting the survival of the disease. Fur-
thermore, when the disease relapses and progresses, larger
number of TIA-1+ cells and lower proportion of FOXP3+ on
the reactive background of the tumor are also prone to be
seen [24].

It has been also hypothesized that the contribution of
Tregs to HL might be function of the microenvironment
polarization. Indeed, Tregs may limit the inflammatory spur
of other cells of the immune system (including T effectors) by
releasing IL-10 and TGF-β, and this beneficial effect may
prevail over the impairment of an effective T-cell-mediated
response, as far as the outcome of HL is concerned. Nev-
ertheless, when the HL-associated environment is diverted
towards marked inflammation owing to the abundant pres-
ence of mast cells and macrophages, the regulatory function
of Tregs may prove inadequate to restore the balance between
pro- and antiinflammatory stimuli, and Tregs can even boost
inflammation through TGF-β release and Th17 generation.
Under these circumstances, a direct role for mast cells in
the Tregs contrasuppression and Th17 deflection can be
envisaged as both mast cells and Tregs populate HL infil-
trated areas, and their interaction is therefore possible. In an
effort to inhibit suppressive signals counteracting activation,
removal of Tregs leads to effective antitumor immunity
[106]. In certain solid tumor models, depletion of Tregs
in combination with immunostimulatory treatments even
causes rejection of already established tumors [99, 107].

4.4. Tumor-Associated Macrophages (TAM) and Myeloid-
Derived Suppressor Cells (MDSC). Chronic inflammation
in some tissues correlates with higher risk of developing
tumors [108]. Within the tumor microenvironment, tumor-
associated macrophages (TAM) and myeloid-derived sup-
pressive cells (MDSC) seem to play a critical role in the
progression of tumor development through nonimmune
(mostly proangiogenic) and immune mechanisms [109].
TAMs are a heterogeneous population of cells depending on
oxygen availability and phases of tumor development [110].
In early stages, tumors are generally infiltrated by type 1
macrophages (M1) that release proinflammatory cytokines
and chemokines promoting Th17 cell differentiation from
naı̈ve CD4+ T cells [111]. On the other hand, in advanced
stages, TAM polarize to a type-2-macrophage- (M2-) related
cell that releases cytokines such as TGF-β1 and IL-10,
which induce Th2 differentiation and recruitment, favoring
Tregs development and thus promoting tumor development
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through inhibition of anticancer immune responses [112]. It
is now accepted that TAM, major players in the connection
between inflammation and cancer, summarize a number
of functions (e.g., promotion of tumor cell proliferation
and angiogenesis, incessant matrix turnover, repression of
adaptive immunity) which ultimately have an important
impact on disease progression [113–115]. High levels of TAM
are often, although not always, correlated with a bad
prognosis, and recent studies have also highlighted a link
between their abundance and the process of metastasis
[116–119]. Macrophage infiltration began very early during
the preinvasive stage of disease and increased progressively
[120]. This pathological evidence has been confirmed also
at gene level, where molecular signatures associated with
poor prognosis in lymphomas and breast carcinomas include
genes characteristic of macrophages (e.g., CD68) [121–123].
In human HL progression, macrophages are anything but
innocent bystanders since the expression of CD68 showed to
be the best predictive biomarker for risk stratification and
survival for this type of cancer. A high number of CD68+

cells correlates with primary and secondary treatment failure
[124]. Another report suggested that TAMs in HL subtypes
might differ in their expression of inflammatory and matrix-
remodeling genes [125].

Recent studies in model animal suggest that macrophages
were responsible for restoring tumor vascularisation and
repair after irradiation [136]. In effect, after irradiation, the
remaining tumor mass sends tissue damage signals to initiate
repair, which includes the recruitment of macrophages to
the tumor, aiding in the recovery of tumor growth by
enhancing angiogenesis, supplying growth factors, and cre-
ating a local immunosuppressive environment. Treatment
of tumors with antibodies specific for CD11b can block
macrophages recruitment and inhibit tumor regrowth and
survival [137]. In the same way, the use of clodronate, a
liposome toxic to phagocytes, or the use of Enbrel, a blocking
against TNF-α, inhibits tumor recovery after irradiation
[136]. The detrimental contribution of mast cells and CD68+

macrophages to HL patients’ survival has been clearly
established and has been linked to the ability of both types
of cells to induce and maintain the aforementioned proin-
flammatory microenvironment [124, 138, 139].

4.5. Cytotoxic T-Cells Inhibition. Different mechanisms have
been suggested to account for the CTL-mediated apoptosis
resistance of H/RS cells, such as the downregulation of MHC
class I molecules of the H/RS cells, prevention of recognition
of tumor-associated antigens by CTLs [126], or the local
secretion of both IL-10 and TGF-β by H/RS cells [127, 128],
which are able to inhibit CTL function. In this respect, it
appears that the blockage of the Granzyme B pathway of
apoptosis through the overexpression of serine protease
inhibitor PI-9/SPI-6 is an important additional mechanism
for immune escape by tumors [129]. The expression of PI9
tends to be associated with a high percentage of activated
CTLs, especially in HL [75], explaining why tumors express-
ing high levels of PI9 have a particularly poor clinical
outcome.

LAG-3 was found strongly expressed on Tregs present
in the proximity of H/RS cells and the proportion of LAG-
3-expressing lymphocytes correlated with the EBV status
of the tumor [130]. The level of LAG-3 expression on the
Tregs was coincident with impairment of LMP1/2-specific
T-cell function [130] suggesting a pivotal role for LAG-3+

regulatory T cells in the suppression of EBV specific cytotoxic
CD8+ cell-mediated immunity in HL [130]. It has been
suggested that LMP1- and EBNA1-specific HLA class II-
restricted peptide epitopes can selectively recruit regulatory
T cells and impair antigen-induced IFN-γ production [131,
132]. LAG-3 has high affinity for MHC class II molecules
and downregulates CD3 T-cell receptor mediated signaling
and blockade of LAG-3 mediated signaling induces enhanced
activation of human CD8 T cells [133–135]. Preliminary
results of EBV specific CTL therapy in relapsed/refractory
EBV-positive HL patients are encouraging [140] and, taken
together, these findings have important implications in the
improved design of immunotherapeutic strategies to boost
LMP1/2-specific CTL activity.

5. New Molecular Prognostic Parameters
versus Traditional Clinicobiological
Prognostic Parameters

A huge amount of clinical and biological factors have been
related with the risk of relapse and progression in HL,
and consequently with the therapeutical strategy planned in
every single patient. Recent contributions determine that HL
represents the prototypical tumor in which the interplay
between H/RS and the reactive microenvironment deter-
mines not only the histological morphology and classifica-
tion but also the clinicopathological features and prognosis
of these patients [141].

5.1. Traditional Clinicobiological Parameters. Similar to other
lymphomas, nowadays selection of treatments in HL con-
tinues to depend on initial risk stratification. In this sense,
stage remains the single most important factor in the initial
approach for treatment of HL, being the Ann Arbor’s system
with Cotswolds modifications the current staging system
used for patients with HL [142].

In clinical practice, HL is classified in early and advanced
disease [143]. Early disease includes stages I-II and it is gener-
ally divided into favorable and unfavorable categories based
upon the presence or absence of certain clinical features, such
as age, erythrocyte sedimentation rate (ESR), B symptoms,
and large mediastinal adenopathy. Cooperative research
groups have used diverse definitions of favorable and unfa-
vorable prognosis disease [144]. This stratification is highly
pertinent and useful since patients with favorable prognosis
disease may have acceptable outcomes with less intensive
therapy than that required for those with unfavorable prog-
nosis early stage or advanced stage disease [145].

Among patients with advanced stage HL (stage III/IV,
and for some groups stage II plus bulky nodal disease), prog-
nosis is largely determined by the International Prognostic
Score (IPS) [146]. The IPS was created by the IPS Project on
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Advanced Hodgkin’s Disease after analyzing several possible
prognostic factors in 1,618 patients that were treated mainly
with ABVD-like regimens. Finally, the IPS is based upon the
total number of seven potential unfavorable features at diag-
nosis: serum albumin less than 4 g/dL, hemoglobin less than
10.5 g/dL, male gender, age over 45 years, stage IV disease,
white blood cell count ≥15,000/microL, and lymphocyte
count less than 600/microL and/or less than 8 percent of
the white blood cell count. All of these adverse prognos-
tic factors were statistically significant at the multivariate
analysis. Patients with four or more adverse features had a
significantly inferior freedom from progression (47% versus
70%) and overall survival (59% versus 83%). Coupled with
stage, the IPS allows identification of a poor-risk group of
patients requiring more intensive therapy [146]. Conse-
quently, different treatment policies are indicated upon the
presence of these clinicobiological parameters, with applica-
tion of more aggressive approaches when more risk factors
are present.

5.2. Innovative Biologic Prognostic Parameters. Current pre-
dictive systems, determined by clinical and analytical param-
eters, fail to identify high-risk patients accurately (patients
who relapse or die). Quantitative analysis of infiltrating
immune cells reveals undisclosed relationships between the
relative proportion of these cells and HL clinical outcome,
illustrating how factors other than tumoral cellularity, or the
immunophenotype and molecular anomalies present in the
H/RS cells, can play a role in tumoral behavior. Regardless
of the classic clinical and pathological features, a high
proportion of infiltrating CD8+ and CD57+ cells as well as
a low number of infiltrating CTL (evaluated by the presence
of Granzyme B and TIA-1) appear to be associated with a
favorable outcome for HL patients (without B symptoms
and lower clinical stages) and better response to treatment
[10, 24, 147]. It is unclear to date whether the presence of
CD8+ T cells correlates with the antitumor cytotoxic res-
ponse. Nevertheless, it has been suspected that CD8+ T cells
may be recruited in an antigen-nonspecific mode in HL
(Figure 4) [148].

A multistep approach to design a quantitative PCR
assay has been applied to routine formalin-fixed paraffin-
embedded sample integrated genes expressed by the tumor
and their microenvironment [149]. In cHL with advanced
stage, specific gene signatures associated with favorable or
unfavorable clinical outcome have been identified. The best
predictor genes were integrated into an 11-gene model,
including 4 functional pathways: cell cycle (CCNA2, CDC2,
HMMR, CCNE2, CENPF), apoptosis (BCL2, BCL2L1,
CASP3), macrophage activation (LYZ, STAT1), and inter-
feron regulatory factor 4. These genes are able to identify low-
and high-risk patients with different rates of 5-year failure-
free survival: 74% versus 44.1% in the estimation set and
67.5% versus 45.0% in the validation set.

Although the activation status of infiltrating cells have
been demonstrated to be independent of the degree of
malignancy in HL [150], others studies have shown that

the presence of activated cytotoxic T cells (granzyme B+) is
associated with unfavorable followup in these patients [11,
151, 152]. A higher level of not activated cytotoxic cells (TIA-
1+) has been observed in advanced-stage cHL without prog-
nostic value [153]. However, TIA-1+ CTL associated with the
presence of regulatory T cells FOXP3+ appears to play an
important role in monitoring HL patients [24]. Variations
in the level of killer cells and TIA-1+ regulatory T cells
observed during the course of the disease could be implicated
in the progression of HL [24].

Association of tumor-associated macrophages (TAM)
CD68+ with adverse clinical outcomes has been confirmed
in several studies in hematologic and solid tumors [139].
Recently, a gene expression profile analysis performed on 130
biopsy samples from HL patients identified a signature of
TAM and monocytes that was predictive of treatment failure
[124]. When compared with those with low CD68 expres-
sion, patients with tumors that demonstrated an increased
number of CD68 expressing macrophages had shorter
median progression-free survival (PFS), lower rate of 10-year
disease-specific survival (60 versus 89%), and higher failure
rate of secondary treatment with curative intent (63 versus
13%). It has been also recently demonstrated that high level
of CD68 correlated with poorer survival, event-free survival,
and with the presence of EBV in the tumor cell population
[154].

Biologic markers associated with apoptosis/proliferation
have been also studied in HL. Different studies have des-
cribed alterations in genes controlling apoptosis and prolifer-
ation of H/RS cells and biological factors such as EBV detec-
tion, which influence the clinical aggressiveness of the disease
[155–165]. Shorter survival was significantly associated with
high proliferation index (Ki67), high expression of bcl2, bcl-
xl, bax and p53, low expression of Rb and caspase 3, and high
apoptotic index [163, 166–173]. Evidence has accumulated
that the constitutive activation of the NF-κB pathway in
H/RS cells is of particular importance for explaining the
apoptosis deregulation in cHL [157, 158, 160, 174]. By gene
expression profiling, the good outcome cHL was character-
ized by upregulation of genes involved in apoptosis induction
and cell signaling, including cytokines and transduction
molecules, while the bad outcome cHL were characterized
by upregulation of genes involved in cell proliferation (Ki67)
and by downregulation of tumor suppressor genes PTEN
(phosphatase and tensin homolog deleted on chromosome
10) and DCC (deleted in colorectal cancer) [175].

Immune cells present in the infiltrate have been shown
to modulate the apoptosis and proliferation of tumor cells
via apoptotic receptors, cytotoxic granule release, growth
factors, or immunosuppressive cytokines [72–74, 176, 177].
IHC study has demonstrated that the antiapoptotic profile
observed in H/RS cells is associated with a general increase in
CD4+ T cells infiltrating (related to Bcl-XL and Mcl-1) and
an overall decline CD8+ T lymphocytes infiltrating, NK cells,
and dendritic cells (related to Bcl-XL and Bax) [178]. The
infiltrated immune cells are able to activate apoptotic cas-
pase proteolytic cascade through TNF receptor superfamily
interactions (FasL/Fas and CD40/CD40L) [158, 179–183].
CTLs are also able to trigger a second proapoptotic pathway
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through the protease granzyme B, which, once released from
CTLs, is translocated into the target cell by perforin, where it
activates the effector caspase cascade [184].

Alterations observed in the G1-S checkpoint of H/RS
cell cycle, in the principal tumor suppressor pathways Rb-
p16INK4a and p27KIP1, and the high rate of proliferation
(MIB1, BCL6) are also strongly associated with higher
infiltration of the overall immune response against the tumor
[178, 185, 186]. Cytotoxic cells are able to induce directly the
permanent downregulation of p27KIP1, probably as a con-
sequence of increased degradation mediated by SKP2, an
ubiquitin ligase for p27KIP1 [186–188]. Related with the
heightened proliferative state in these tumors is the high level

of expression of Bcl6, a multifunctional regulator that is able
not only to downregulate cyclin D2 and p27KIP1 expression
[189] but also to repress Bcl-XL [190].

The presence of EBV was significantly associated with the
overexpression of STAT1 and STAT3. STAT3 was found to
be associated with a low infiltration of CD4 T lymphocytes
and a high infiltration of activated cytotoxic cells. Although
STAT1 is considered to be a potential tumor suppressor
(promoting apoptosis), STAT3 is thought to be an oncogene
because it leads to the activation of cyclin D1 and Bcl-XL
expression and is involved in promoting cell cycle progres-
sion and cellular transformation and in preventing apoptosis
[191].
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6. Impact of Viruses Infection in
HL Microenvironment

Early epidemiologic data suggested that HL develops among
persons with a delayed exposure to a ubiquitous infectious
agent such as EBV [192]. EBV, a γ herpesvirus with a world-
wide distribution, is present in H/RS cells of 40%–60% of
cHL lesions and contributes to their pathogenesis [193, 194].
EBV+ H/RS cells express LMP1, LMP2A, LMP2B, the EBV
nuclear antigens 1 (EBNA1), and the EBER RNAs, but con-
sistently lack EBNA2 (latency II) [195, 196]. LMP1 is likely to
contribute to survival and proliferation of H/RS cells through
activation of NF-κB and AP-1 [197, 198]. It is also possible
that EBNA1 and the EBERs contribute to the rescue of H/RS
cells from apoptosis [199, 200].

The intratumoral immunological alterations induced by
EBV+ H/RS cells remain unclear. The abnormal network of
cytokines/chemokines and/or their receptors in H/RS cells is
involved in the attraction of many of the microenvironmen-
tal cells into the lymphoma background. There is increasing
evidence suggesting a change in the balance between Th1 and
Th2 cells in the pathogenesis of HL and that this change
induces reactivation of latent viral infections, including
EBV. EBV-infected H/RS cells were shown to stimulate also
the stromal production of particular chemokines such as
the interferon-inducible chemokine IP-10 (CXCL10) [103]
Rantes/CCL5 [201, 202], the ligand CCL28 [203], CCL20
that is capable of attracting regulatory T cells [204], and the
macrophage-derived chemoattractant (MDC)/CCL22 [205].
The observation of Th1/antiviral response in EBV+ cHL tis-
sues provides a basis for novel treatment strategies [28, 206].
The role of Gal-1, which has been shown to be selectively
overexpressed on H/RS cells, was also examined in the con-
text of EBV-specific CD8+ T-cell responses in HL. Its expres-
sion was associated with a reduced CD8+ T-cell infiltra-
tion and more specifically with an impaired response towards
LMP 1 and 2. Moreover, the in vitro exposure to recombinant
Gal-1 inhibited proliferation and interferon-gamma expres-
sion by EBV-specific T cells [29].

A low proportion of CD4+ cells appears also to be sig-
nificantly related to EBV status, probably due to the relation
with the local tumor-associated suppression of EBV-specific
T-cell responses observed in EBV+ HL cases [207]. In the case
of immunosuppressed patients, HIV infection affects, for
direct or indirect mechanisms, both reactive changes as neo-
plastic lymphoid tissue. Recently we have seen a significant
loss of intratumoral T cells CD4+ (CD4/CD8 ratio reversal)
and a decrease in intratumoral activated CTL in patients with
HIV-infected HL [208].

A link between septic environment, the high prevalence
of Th17 cells, and the favorable outcome impact of intra-
tumoral regulatory T cells (Tregs) has been postulated. The
putative role of the dense microbiological flora present in the
large intestine with a trend toward translocation through the
tumor has been emphasized to explain the favorable outcome
of patients bearing colorectal carcinoma (CRC) with a high
Tregs infiltration [209]. This microbiological hazard requires
a T-cell-mediated inflammatory antimicrobial response that

involves Th17 cells. This Th17-cell-dependent proinflamma-
tory and tumor-enhancing response can be attenuated by
Tregs, thus constituting a possible explanation for their favor-
able role in CRC prognosis. In HL, characterization of the
inflammatory cytokine profiles in EBV-HL patients revealed
elevated Th2 and Th17 responses [210].

7. Therapeutic Strategies to
Overcome Immune Escape in HL

In the last years, numerous studies have revealed the critical
importance of the microenvironment in the evolution and
progression of HL after antineoplastic treatments. This fact
has opened new ways for clinical research taking into account
the impact of the classical and new immunogenic agents over
the characteristic Hodgkin’s microenvironment, envisioning
alternative treatment strategies (Figure 5).

7.1. Chemotherapy. Chemotherapy remains the therapeuti-
cal modality of choice for the systemic treatment of HL for
curative purposes. Impact of conventional chemotherapy on
the relationship between the tumor and the immune system
seems to be crucial. Some groups have confirmed that cell
death induced by chemotherapy imply a variety of immune
reactions that mediate a sort of vaccination effect via release
of an “antigenic milieu” that, in turn, may represent the
major determinants of the therapeutical success of this
treatment in lymphoproliferative syndromes [211]. Preclin-
ical studies have demonstrated that immune stimulation
might be mediated by chemotherapy in murine cancer
models treated with gemcitabine and doxorubicin [212, 213].
The explanation to this selective immune activation is an
increased CD8 T lymphocyte expansion and an increased
density of TIL mediated by an effective MHC class I cross-
presentation of tumor antigens released and phagocytosed
[214].

Thus, there are now clear evidences supporting the fact
that drugs like anthracyclines, cyclophosphamide, or gemc-
itabine may promote apoptosis in tumor cells with immuno-
genic effects through several mechanisms [215]. This sort
of immunogenic tumor cell death is characterized by a
temporal sequence of events including early translocation of
calreticulin (CRT) to the cell surface and thereafter interac-
tion of CRT with multiple receptors on DC with apoptotic
bodies phagocytosis, release and exposure of heat shock
proteins, and late release of high-mobility group protein B1
(HMGB1). HMGB1 is able to bind to the toll-like receptor
4 (TLR4) on DC, which allows tumor-derived antigens to be
processed and presented along with MHC and costimulatory
molecules on the surface of DC [216]. These mechanisms
altogether serve to trigger DC-mediated specific antitumor
response, which may be enhanced by the use of costimulatory
molecules [217]. In addition, other more general effects of
chemotherapy on the surrounding stroma are postulated
like secondary necrosis or eradication of tumor cells [218].
Gemcitabine has demonstrated the ability to restore immune
surveillance by reducing MDSC levels in murine models
[219].
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In conclusion, emerging evidence led to postulate a
paradigm shift in the way of understanding the effects of CT
on the surrounding stroma [220, 221]. These new findings
may serve to consider chemotherapeutics like anthracyclines
and gemcitabine as less empirical and more specific drugs,
and thus may help to customize treatments in HL taking into
account their potential effects on the microenvironment.

7.2. Radiotherapy. Radiation therapy still plays a major role
in the management of HL. Ionizing radiation can induce a
cascade of pro-immunogenic and proinflammatory effects.
Different responses have been described: major histocom-
patibility complex induction, release of specific antigens, and
chemokines production. All these mechanisms are triggered
from the radiotherapy target area, neighborhood tissues,
and also from the systemic immunological response. These
inflammatory effects can convert the irradiated site into an
immunogenic hub, by engaging both the innate and adaptive
immune response [222, 223]. Locally ionizing radiation
promotes the differentiation of monocytes into macrophages
with an M1 phenotype (tumor inhibiting) and also the
release of radiation-specific antigens that promotes the
development of a sustained and effective adaptive immune
response to the tumor [223, 224].

The immune-modulating effects of radiation are influ-
enced by several factors. Low radiation dose activates innate
immune cells and fails to induce cell death, and thus induces

a protumorigenic effect over the immune system [225, 226].
Otherwise, significant radiation dose leads to cell death and
induces specific signals that are sensed by innate immune
cells, which generate an antitumor immunity.

Classically, apoptosis has been considered as a nonim-
munogenic event. Nevertheless, as happens with anthracy-
clines, radiotherapy might induce apoptosis due to an immu-
nogenic mechanism. Both therapies translocate CRL from
the endoplastic reticulum to the cell surface. The superficial
expression of CRL in tumor cells causes an important tumor
immune response with effective recognition and phagocyto-
sis by DC, leading to cytotoxic T-cell response. In the same
manner, a cytotoxic response mediated by CD8+ T cells
occurs when heat shock proteins (HSP) such as HSP70
and HSP90 are transferred to the plasma membrane. HSP
also stimulate natural killer-mediated cell lysis, through
NKG2A ligands. Secondary, DCs mature and release proin-
flammatory cytokines, such as HMGB1, which binds to toll-
like receptor 4 (TLR4). Those mechanisms enable antigen
processing and presentation [215, 227].

An accurate radiotherapy treatment has increased its
interest under an immune point of view. Effectively, the
reduction of naı̈ve T-cells account after an irradiation of
drainage lymphs without disease can lead to a distal reacti-
vation of malignancies T cells [222].

The radiation abscopal effect is described as the reduc-
tion of the tumor growth outside the treatment field,
and some clinical cases of this effect has been reported in



Clinical and Developmental Immunology 13

Table 2: Clinical experience with new immunotherapies in Hodgkin lymphoma.

Agent Mechanism of action Clinical development status References

Ipilimumab Anti-CTL4 Mo Ab Phase I [245]

Rituximab
Anti-CD20 Mo Ab Pilot studies

[246–248]
Phase II (combined with CT)

90Y-ibritumomab tiuxetan
Anti-CD20

Pilot studies

[249]

radio-immunoconjugate

Alemtuzumab Anti-CD52 Mo Ab Pilot-phase II studies [250, 251]

Lenalidomide Immunomodulatory Phase II [252–256]

Brentuximab vedotin
Antibody-drug conjugate

Phase II [257, 258]
(anti-CD30 plus tubulin destabilizer)

Mo Ab: monoclonal antibody. CT: chemotherapy.

different tumor types, including lymphoma [228–230]. Their
mechanisms and therapeutic approach are not well eluci-
dated [231]. However, main hypotheses imply that local
irradiation induced a release of systemic cytokines that medi-
ate an immune antitumor effect and/or the fact that local
irradiation might induce systemic tumor specific T-cell res-
ponses.

Preliminary results promise that immunotherapy may
serve as booster, amplifying immune effectors triggered by
radiotherapy as exemplified in experiments that combine it
with anti-CTLA-4 monoclonal antibodies or costimulators
such as GM-CSF, interferons, or IL-2. Radiotherapy can
induce cancer cell death that is mediated by the host’s
immune system. Elucidation of these mechanisms might
offer advantages in the cytotoxic therapy.

7.3. Immune Synapses as Therapeutic Target in HL. The
immune synapse is a region of physical contact between
the T cell and the antigen presenting cell (APC) and it
represents one of the major determinants of the immune res-
ponse against tumoral antigens [232]. Two main signals are
required for an effective T-cell activation. The first signal is
provided by the recognition of cognate antigen bound major
histocompatibility complex (MHC) by the T-cell receptor
(TCR) [233]. Additional costimulatory signals are provided
by engagement of coreceptors. The canonical coreceptor
CD28 binds to members of the B7 family present on APC.
However, soon after T-cell priming, other negative regulatory
molecules are induced on T-cells leading to downregulation
of the T-cell response [234]. Some of the main molecules
that act as immune checkpoints on the immune synapse are
CD40 and OX40 with costimulatory properties and CTLA-4
and PD1 that induce coinhibitory effects. Preclinical data
support an eventual role of the drugs targeting these mol-
ecules in HL.

CTLA-4 acts as a key negative regulator of CD28
dependent T-cell activation [218]. CTLA-4 is produced and
mobilized from the internal side of the cell membrane, to
the immune synapses 2 to 3 days after T-cell activation has
taken place. There, it is bound to either one of the cos-
timulatory molecules, CD80 and CD86. CTLA-4 expression
turns the activated T cell to an inhibitory T cell. A delay in

CTLA-4 expression favors T-cell activation and could be a
pathway to improve or expand the immune response against
tumors [218]. There are two CTLA-4-blocking antibod-
ies for use in humans that have been mostly tested in
patients with metastatic melanoma [235]. Recently, the fully
human immunoglobulin G1 (IgG1) monoclonal antibody
ipilimumab (Bristol-Myers Squibb, Princeton, NJ, USA)
has demonstrated significant benefits in overall survival in
randomized phase III studies in the first- or second-line
treatment of metastatic melanoma [236, 237], gaining FDA
approval. Clinical research of anti-CTLA-4 in hematologic
tumors has been scarce to date. However, a phase 1 dose esca-
lation trial with ipilimumab in the setting of allohematopoi-
etic cell transplantation for relapsed hematologic malig-
nancies reported interesting results [238] (Table 2). This trial
tried to assess the efficacy of ipilimumab in augmenting the
graft versus malignancy (GVM) effect. Among 14 patients
with relapsed HL, 2 achieved a durable complete response
and other 2 patients who had evidence of rapid progression
achieved disease stabilization after ipilimumab [238]. This
clinical effect in a highly pretreated population represents a
proof of principle of activity of the anti-CTLA4 antibodies in
HL and merits further investigation.

PD-1 is expressed on activated T and B cells, natural
killer, dendritic cells, and activated monocytes [239]. PD-1
plays a major role in maintenance of T-cell tolerance limiting
effector T-cell responses. There are two ligands of PD1,
PD-L1, and PD-L2 (or B7-H1 and B7-H2) [240]. PD-L1
is aberrantly expressed in H/RS cells of Hodgkin’s lymphoma
and thus it can induce immune suppression through signal-
ing PD-1 [33]. PD-L1-PD-1 signaling system is operative in
patients with HL, and TILs around H/RS cells seem to be
kept in balance by this inhibitory signaling. These findings
suggest a plausible mechanism for deficient cellular immu-
nity observed in HL patients and propose a potentially
effective immunologic strategy for the treatment of HL.

CD40 is a member of the tumor necrosis factor receptor
family expressed on macrophages, dendritic cells, endothelial
and B cells, and fibroblasts [241]. Binding of CD40 with its
CD40 ligand (CD40L) or CD154 acts on APC and T cells
mediate both cellular and humoral responses. Specifically on
APC, CD40 plays a central role in priming and expansion
of antigen-specific CD4 T cells by regulating the expression
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of costimulatory molecules on APC such as CD80 and
CD86 (B7.1 and B7.2) and by production of cytokines
such as IL-12, IL-8, or TNF-α [242]. The functional role
of CD40/CD40L and interferon regulatory factor 4 (IRF4)
in Hodgkin’s lymphoma microenvironment seems to be
extremely important in HL [243]. A phase I study of the
humanized anti-CD40 monoclonal antibody dacetuzumab
in 50 patients with refractory or recurrent non-HL has been
performed showing an acceptable safety profile and modest
activity with 6 objective responses reported [244].

OX-40 is a member of the tumor necrosis factor (TNF)
superfamily that needs T-cell activation to be expressed
[259]. OX-40 is present in CD4+ and CD8+ T cells, whereas
its ligand OX40L is expressed on activated APC, B cells,
and macrophages [260]. Engagement of OX40L with the
OX40 receptor is essential for the proliferation and survival
of T cells leading to a larger expansion of effector T and
antigen-specific memory T cells [260]. In addition, OX40
signaling increases cytokine secretion by CD4+T cells and
enhances the development of Th1 and Th2 cells. Recently,
it has been demonstrated that histone deacetylase inhibitors
(HDACIs) may have a favorable antitumor effect by regulat-
ing the expression of OX40L in HL [261]. Clinical responses
achieved in relapsed and heavily pretreated HL with some
HDACIs like vorinostat, mocetinostat, or panobinostat
might be mediated by the upregulation of OX40L in HL cells
[262].

7.4. Monoclonal Antibodies Targeting HL Microenvironment.
CD20 and CD52 molecules are not commonly expressed on
the H/RS cells; however, the surrounding cells of the charac-
teristic HL microenvironment commonly express extensively
these antigens. Thus, interfering the crosstalk between H/RS
cells and their cellular partners with monoclonal antibodies
against CD20 and CD52 may represent an attractive thera-
peutic strategy to explore in clinical research.

The monoclonal antibody anti-CD20 rituximab is one
of the therapeutic strategies aimed to deplete the HL
microenvironment of normal B cells required for tumor cell
growth. Specifically in classical HL, it has shown activity as
single agent. In a pilot study, 5 out of 24 heavily pretreated
patients with relapsed/refractory cHL treated with rituximab
achieved a clinical response [247]. Interestingly, responses
were achieved in patients with CD20-H/RS cells. Rituximab
has also been tested combined with chemotherapies like
ABVD and gemcitabine. Specifically with gemcitabine as sal-
vage therapy it has demonstrated surprising and unexpected
high overall response rates (48–88%) [248] (Table 2). Impact
of rituximab on tumor microenvironment by depleting
benign CD20+ cells is postulated as the main antineoplastic
mechanism of action of this drug in HL, independently of
CD20 expression on the RS cells. Reactive B-cell depletion
in HL is being further tested by the use of anti-CD20 radio-
immunoconjugates (90Y-ibritumomab tiuxetan and 131I-
tositumomab) with pilot studies completed reporting
favourable results in terms of tumour response and symptom
control [263].

Alemtuzumab, a humanized IgG1γ monoclonal anti-
body directed against CD52, has shown notable activity

as monotherapy for chronic lymphocytic leukemia [264].
Although its detailed mechanism of action is not completely
clear, the binding of alemtuzumab to CD52 on target
cells may cause cell death by three different mechanisms:
complement-dependent cytotoxicity, antibody-dependent
cellular cytotoxicity (ADCC), and apoptosis [250]. Since RS
cells of HL do not express CD52, only surrounding cells such
as neutrophils, eosinophils, macrophages, mast cells, and B
and T cells, that strongly express the CD52 antigen, would be
the targets for alemtuzumab and thus might be depleted by
this antibody, depriving the RS cells of their critical survival
factors. Although clinical trials are lacking in HL, results
from a reduced-intensity conditioning allotransplantation
study in relapsed HL suggest that alemtuzumab-induced
elimination of infiltrating T cells may critically impact
on the efficacy of the procedure and on the ability of
donor lymphocytes in eradicating residual malignancy [251]
(Table 2).

7.5. Lenalidomide. Other biological compounds with signif-
icant effects upon tumor microenvironment like lenalido-
mide are under clinical investigation, and at this moment
represent one of the most promising therapeutical strategies
in HL [253]. Lenalidomide (Revlimid), a thalidomide-
derivate, belongs to a novel class of immunomodulatory
drugs (IMIDs) approved for the treatment of multiple
myeloma and myelodysplastic syndrome with deletion (-q5)
[253]. Lenalidomide has multiple modes of action, including
direct induction of apoptosis in tumour cells, antiangiogenic
effects, and the activation of immune cells, such as natural
killer cells and T cells, enhancing Th1-type cellular immunity
and natural killer T-cell cytotoxicity [253]. Preliminary
results of some clinical trials of lenalidomide in HL have been
recently reported [254–256]. In all studies, administration
of oral daily lenalidomide in heavily pretreated HL patients
induced clinical response ranging from 17 to 50%, and in
most other patients disease stabilization was achieved. This
pattern of response appears fully compatible with the pre-
dicted actions of lenalidomide towards the HL microenvi-
ronment. Results of a serie of HL treated with lenalidomide
were of great interest at this point [265]. 12 patients with
relapsed or refractory HL were included in this program. All
patients had relapsed after at least four chemotherapies, and,
except two patients, all had previously undergone high dose
chemotherapy and autologous stem cell transplantation.
Most patients had not responded to the previous treatment.
With respect to clinical outcome, none of the twelve patients
showed radiological evidence of progression after two cycles
of lenalidomide. Overall response rate was 50% (6 of 12),
with 5 partial responses and 1 complete remission, in
addition six patients had stable disease after two cycles [265]
(Table 2).

7.6. Anti-CD30 Monoclonal Antibodies. The member of
the tumor-necrosis-factor- (TNF-) receptor family CD30 is
expressed abundantly on Reed-Sternberg cells of HL [266].
CD30 has pleiotropic biologic functions, being capable of
promoting cell proliferation and survival as well as inducing



Clinical and Developmental Immunology 15

antiproliferative responses and cell death. Final effects of
CD30 activation seem largely dependent on the microenvi-
ronment context [266]. Unconjugated anti-CD30 antibodies
have been tested in phase I and II studies showing limited
clinical activity. On the contrary, the use of antibody-
drug conjugates (ADCs) has rendered better results [267].
Brentuximab vedotin (SGN-35) is an ADC consisting of
chimeric anti-CD30 antibody cAC10 (SGN-30) conjugated
to the tubulin destabilizer monomethyl auristatin E (MMAE)
[267]. In the first in human phase I dose escalation study,
brentuximab vedotin was administered to 45 patients with
relapsed or refractory CD30-positive lymphomas, primarily
HL and anaplastic large cell lymphoma (ALCL) [257]. Bren-
tuximab vedotin showed a good safety profile and objective
response was observed in 17 (38%) patients, including 11
(24%) complete remissions. Tumor regression was observed
in 86% of patients. Results of a phase II trial in relapsed HL
has been recently communicated [258]. 102 patients were
enrolled with a median age of 31 years and all were required
to have failed an ASCT. Overall response was achieved in
76 of 102 patients (ORR: 75%) with 35 complete responses
(CR: 34%). After these impressive results, brentuximab was
recommended for an accelerated approval by the FDA and
in August 2011, was approved in the US for the treatment of
HL after failure of autologous stem cell transplant (ASCT)
or after failure of at least two prior multiagent chemotherapy
regimens in ASCT-ineligible candidates (Table 2).

8. Conclusions

The recent research activities led to a better understanding
of the phenotype, molecular characteristics, histogenesis,
and possible mechanisms of HL lymphomagenesis. New
pathologic factors have been studied recently, showing that
HL can be differentiated through its specific cellular micro-
environment. The interplay between tumoral cells and the
reactive microenvironment determines not only the histo-
logical morphology and classification but also the clinico-
pathological features of HL patients. Importantly, this may
correlate also with the clinical course of disease and the
final long-term outcomes. However, recent advances in our
understanding of HL biology and immunology seem to indi-
cate that infiltrated immune cells in the tumoral microenvi-
ronment may play different, even opposite, functions accord-
ing to the signals it senses. It is critical to understand what
happens in the tumoral microenvironment in order to design
fine tune approaches that may modulate immune response
toward cancer cell destruction. Strategies aimed at interfering
with the crosstalk between H/RS cells and their cellular
partners have been taken into account in the development
of new immunotherapys that target different cell com-
ponents of HL microenvironment. Combination strategies
of chemotherapy, especially with anthracyclines and gem-
citabine, radiotherapy, and immunotherapy will eventually
synergize and obtain meaningful clinical results.

In our opinion there exist large amount of data which
provides sufficient evidence to consider the host immune
reaction as one of the main determinants of the clinical

evolution in HL. Importantly, this immune response is
capable of being modulated in clinic, so new therapeutical
strategies based on combinatorial approaches with the ability
of boosting immune responses might not be neglected in the
coming future to improve the chance of cure of our patients
with HL.
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Nyengaard, and F. D’Amore, “Tumor-infiltrating macro-
phages correlate with adverse prognosis and Epstein-Barr
virus status in classical Hodgkin’s lymphoma,” Haematolog-
ica, vol. 96, no. 2, pp. 269–276, 2011.

[155] L. Leoncini, D. Spina, T. Megha et al., “Cell kinetics,
morphology, and molecular IgV(H) gene rearrangements in
Hodgkin’s disease,” Leukemia and Lymphoma, vol. 26, no. 3-
4, pp. 307–316, 1997.

[156] R. C. Bargou, F. Emmerich, D. Krappmann et al., “Con-
stitutive nuclear factor-κb-RelA activation is required for
proliferation and survival of Hodgkin’s disease tumor cells,”
Journal of Clinical Investigation, vol. 100, no. 12, pp. 2961–
2969, 1997.

[157] M. Hinz, P. Lemke, I. Anagnostopoulos et al., “Nuclear factor
κb-dependent gene expression profiling of Hodgkin’s disease
tumor cells, pathogenetic significance, and link to consti-
tutive signal transducer and activator of transcription 5a
activity,” Journal of Experimental Medicine, vol. 196, no. 5, pp.
605–617, 2002.
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