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Abstract: Classic Hodgkin lymphoma (cHL) is a B-cell lymphoma in which tumour cells, the so-called
Hodgkin Reed–Sternberg (HRS) cells, are admixed with non-malignant cell types that are a functional
part of the disease. Immune cells, fibroblasts, specialised mesenchymal cells, and microvasculature
together make up the tumour microenvironment and have functional interactions with tumour cells.
HRS cells are surrounded by T and B cells admixed with plasma cells, macrophages, eosinophils, and
mast cells. A cross-talk occurs between HRS cells and immune cells of the TME. This cross-talk is
mediated either by a large network of cytokines and chemokines expressed by HRS cells or molecules
produced by different cell types of the TME, i.e., CD30/CD30L, CD40/CD40L, OX40L/OX40, Il-
3/Il-3R, CCR5/CCL5, CD74 macrophage migration inhibitory factor/macrophages, and PD-L1/PD-
1. The over-expression of CD30 and CD40, members of the TNF receptor family, is a hallmark of
HRS cells. This review highlights the current development of newer therapeutic strategies as a
means of immune checkpoint blockade and suggests that further research should explore innovative
molecules aimed at targeting components of HL that are involved in cancer cell growth and/or
immune escape. Hopefully, this will influence sensitivity or resistance to checkpoint inhibitor therapy
in an individual patient.

Keywords: Hodgkin lymphoma; microenvironment; checkpoint blockade therapy; immune checkpoint
inhibitors; CD 40; EBV LMP1

1. Introduction

Classic Hodgkin lymphoma (cHL) is a B-cell lymphoma [1,2] characterised by typical
tumour cells, the so-called Hodgkin Reed–Sternberg (HRS) cells that might be associated
with Epstein–Barr virus (EBV) infection [3] and are consistently surrounded by large
numbers of immune and inflammatory cells. The tumour microenvironment (TME) in cHL
demonstrates variable cellularity, which is different in each subtype [4].

HRS cells grow and survive through cross-talk with immune and inflammatory cells
of the TME [5]. HRS cells with surrounding T cells participate in the programmed cell death
ligand 1 (PD-L1)–programmed cell death (PD)-1 pathway, which functions as a checkpoint
that inactivates tumour-specific T cells [6].

A variety of immune checkpoint inhibitors (ICIs) able to enhance anti-tumour im-
mune responses through targeting specific immune checkpoints present on both immune
cells and tumour cells are currently available in the clinic. ICIs have been recognised
as a means of immune checkpoint blockade (ICB), which could relieve the immune
cells from suppression and enable them to identify and eliminate tumour cells. Assess-
ments of the response to immunotherapy may be complicated by the occurrence of the
flare/pseudoprogression phenomenon. Due to their mechanism of action on the immune
system, treatment with ICIs may cause a transient increase in tumour burden due to inflam-
mation, called pseudoprogression, and this has led to the implementation of new criteria,
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such as the lymphoma-specific immune-related criteria (LYRIC), for the assessment of
response to immunotherapy [7].

Promising progress has been made in the application and research of currently avail-
able ICIs, i.e., Nivolumab and Pembrolizumab, independently and in combination with
other drugs in the treatment of relapsed or refractory cHL (r/r cHL) [8–11]. Early-phase
clinical trials have demonstrated the remarkable efficacy of anti–PD-1 in cHL [9,12]. How-
ever, a proportion of these cHL patients failed to show a positive response to ICI therapy
or responded briefly before developing resistance. Recent clinical trials using checkpoint-
inhibiting antibodies showed promising results in r/r cHL patients. A phase 2 trial evalu-
ated PET-adapted nivolumab alone or in combination with ifosfamide, carboplatin, and
etoposide (NICE) as the first salvage therapy and bridge to autologous hematopoietic
cell transplantation (AHCT) in r/r cHL. PET-adapted sequential salvage therapy with
nivolumab/nivolumab+NICE was well tolerated and effective, resulting in a high two-year
progression-free survival (72%) and overall survival (95%) in all treated patients, bridging
most patients to AHCT without chemotherapy [13]. In a randomised, open-label, phase 3
study evaluating pembrolizumab versus brentuximab vedotin for r/r cHL, pembrolizumab
showed a statistically significant and clinically meaningful improvement in progression-
free survival compared with brentuximab vedotin, with a safety consistent with previous
reports. These data support pembrolizumab as the preferred treatment option for patients
with r/r cHL who have relapsed post-autologous HSCT or are ineligible for autologous
HSCT [14]. It is clear that for those patients who progress after ASCT, ICIs represent a
paradigm-changing therapy, although the median event-free interval is still between 1 and
2 years [15].

The approaches to overcome drug resistance include research on other checkpoint
molecules, enhancing T-cell exposure to antigens, or combining ICIs with other therapeutic
modalities such as cytokine therapies, oncolytic viruses, bispecific antibodies, and tumour
vaccines [16–18].

2. Hodgkin Lymphoma Microenvironment and Promotion of Tumour Growth and
Immune Escape
2.1. Microenvironmental Cell Types

cHL is composed of mononuclear Hodgkin cells and multinucleated HRS cells resid-
ing in an abundant cellular microenvironment. Microenvironmental cell types include
non-neoplastic B and T small lymphocytes, plasma cells, eosinophils, mast cells, and his-
tiocytes/macrophages [1,2,4,19]. In addition, a great number of fibroblast-like cells are
detectable, often in association with HRS cells. An abnormal network of cytokines and
chemokines and/or their receptors in HRS cells is involved in the attraction of many of the
microenvironmental cells into the lymphoma background [20].

In mixed-cellularity cHL (MCcHL), the TME consists of a polymorphous reactive
infiltrate of B and T cells, neutrophils, histiocytes, plasma cells, and mast cells. In nodular
sclerosis cHL (NScHL), the TME is specifically characterised by fibroblast-like cells and
sclerosis [1,4]. The TME in lymphocyte depletion cHL (LDcHL) is characterised by many
macrophages [2,4,21], whereas in lymphocyte-rich cHL (LRcHL), it is rich in B cells and
histiocytes [5].

2.2. Molecules Capable of Promoting Proliferation, Survival, and Anti-Apoptotic Mechanisms in
HRS Cells

HRS cells are dependent on survival signals received from other cells, including
CD40L-expressing T cells and CD30L+ mast cells and eosinophils [19,20]. A considerable
fraction of infiltrating CD4+ T cells are regulatory T (Treg) cells. Treg cells and programmed
death 1 (PD-1)+ T cells also interact with HRS cells, which produce the Treg attractant
galectin-1 and the PD-1 ligand (PDL-1). The expression of PD-L1 points to the functional
mechanism of immune escape using the PD-1 triggering of intratumoural T cells [19,20].

Therefore, cellular components of the cHL microenvironment express molecules in-
volved in cancer cell growth and survival, such as CD30L or CD40L, or in immune es-
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cape, such as PD-1. For example, CD30L+ eosinophils and mast cells and proliferation-
inducing ligand (APRIL)+ neutrophils consistently interact with HRS cells, whereas CD40L-
expressing CD4+ T lymphocytes, that surround “rosetting” HRS cells, interact negatively
with HRS cells. PD-1+ T cells also interact with HRS cells, which produce PD-L1 [19,20].

2.3. Expression of Functional CD40 in HRS Cells and HL Cell Lines

HRS cells and their morphologic variants express CD40, a member of the tumour
necrosis factor/nerve growth factor receptor superfamily. The pattern of CD40 expression
is highly distinctive—i.e., very intense, membranous, plus intracytoplasmic, and with a
strong dot-like pattern in the paranuclear area [22]. Therefore, the immunohistochemical
detection of CD40 appears of high value in the identification of HRS cells on tissue sections.
The CD40 ligand is expressed on the microenvironmental reactive T cells of Hodgkin
lymphoma (Figure 1). In all cHL subtypes, CD40L-expressing CD3+/CD4+ T lymphocytes
are numerous in the HL-involved areas and are mainly located in close proximity to the
HRS cells. These data provide morphological evidence that CD40L may play an important
role in the cell-contact-dependent interaction of HRS cells (CD40+) in HL-involved areas
and the microenvironmental CD3+/CD4+/CD40L+ T lymphocytes [23].
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Figure 1. (A) A multinucleated Hodgkin Reed–Sternberg cell is surrounded by a “rosette” of small
lymphocytes. (B) mRNA in situ hybridisation shows a distinct brown signal for CD40 in a Hodgkin
Reed–Sternberg cell.

CD40 shows a significant homology to the HL-associated antigen CD30 and it is
capable of transducing growth signals in a number of cell types. The relative cell density
of CD40 on HL cell lines (L-428, KM-H2, HDLM-2) as assessed by flow-cytometry was
significantly higher than on all other lymphoma cells analysed [22]. The engagement of
CD40 by its soluble ligand (CD40L) enhances both the clonogenic capacity and colony
cell survival of HL cell lines, stimulates proliferation, reduces apoptosis, and mediates the
in vitro rosetting of activated CD4+ T cells to HL cells. CD40 engagement may play a role
in the regulation of HRS cell expansion and the contact-dependent interactions of these
cells with cytokine-producing T lymphocytes [22].

2.4. Interactions between PD-1 and Its Ligand PD-L1 in the Classic Hodgkin
lymphoma Microenvironment

HRS cells escape immune surveillance and thereby immune destruction through acti-
vation of the PD-1 signal transduction pathway, which inactivates tumour-specific T cells
(Figure 2). The PD-L1—PD-1 pathway therefore functions as a checkpoint that regulates
T-cell-mediated immune responses. Checkpoint-inhibiting antibodies showed promising
results in r/r cHL patients, but their tumours developed resistance to therapy [6,19,24,25].
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Figure 2. In classic Hodgkin lymphoma (cHL), the expression of PD-L1 can be found in Hodgkin
Reed–Sternberg (HRS) tumour cells, and the expression of PD-1 is found on microenvironmental
CD4+ T cells. PD-1, which acts as an immunomodulatory molecule, is a negative regulator of
activated T cells, B cells, and myeloid cells. PD-L1, a ligand of PD-1, is expressed on T cells, B cells,
dendritic cells, and macrophages. PD-L1 binds to PD-1 on T cells and regulates their activity. The
binding of PD-1 to T cells with PD-L1 to HRS cells inactivates tumour-specific T cells, functioning as
a checkpoint used by HRS cells to escape immune surveillance and evade immune destruction. The
engagement of CD40 by its ligand (CD40L) may play a role in the regulation of HRS cell expansion
(modified and adapted from ref. [26]).

3. Microenvironmental Impact of EBV Infection

The demonstration of monoclonal EBV genomes in HRS cells indicates that EBV infec-
tion occurred prior to clonal expansion and indicates a pathogenic role for this herpes virus
in EBV-positive cases, probably as an early event in cHL development [27]. EBV-positive
HRS cells express a relatively restricted set of viral genes, the so-called type II latency
pattern, including EBNA-1, LMP-1, and LMP-2 latent proteins. The immunophenotypic
features of HRS cells are identical in the different histologic subtypes of cHL. Conversely,
the association with EBV shows marked differences. Notably, the virologic characteristics
of cHL vary according to the immunocompetence status of the host and cHL subtype
(Table 1) [27].
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Table 1. Morphologic and virologic characteristic of classic Hodgkin lymphoma according to the
immunocompetence status of the host.

Host Hodgkin Lymphoma
Subtype EBV Infection

cHL of the general population
cHL, nodular sclerosis Usually − *
cHL, mixed cellularity Usually + *

Rare types
cHL, lymphocyte-rich Variably +

cHL, lymphocyte depleted Variably +

Immunodeficiency-associated cHL

HIV-associated cHL
cHL, nodular sclerosis +

cHL, lymphocyte depleted +
cHL, mixed cellularity +

Less frequent
cHL, lymphohistiocyoid +

Post-transplant (cHL-type PTLD)
Similar to other cHL +

Other iatrogenic
immune-deficiency-associated cHL

cHL, mixed cellularity Variably + (usually +)
Abbreviations. cHL, classic Hodgkin lymphoma; PTLD, post-transplant lymphoproliferative disorder; −, negative;
+, positive. * Association with EBV is less frequent in NS (10–40%) than in MC cHL (approximately 75% of cases).

EBV is found in HRS cells in about 40% of cHL in the Western world, mostly in cases
of MCcHL and LDcHL, and less frequently in NScHL and LRcHL. HL in patients living
with HIV (PLWHs) show EBV-infected HRS cells in nearly all cases [21,27,28]. Regarding
the PLWH setting, unfortunately, there are no data on ICIs in HIV-associated cHL, because
PLWHs have been excluded from most trials in the general population. The results of two
clinical trials support the safety of ICIs in PLWHs with advanced cancers, with no adverse
effects on viral suppression and CD4 cell counts [29,30].

EBV infection might also affect the microenvironment composition by increasing the
production of molecules involved in immune escape and T cell recruitment, such as IL-
10 and CCL5. In EBV-positive cHL, HRS cells invariably express high levels of LMP-1
expression and are endowed with a highly efficient interaction with the cells of the tumour
microenvironment, being able to attract a variety of cellular populations and respond to
several autocrine and paracrine signals. The survival and low proliferation capacity of HRS
cells are critically dependent on these interactions.

Do EBV-Related and EBV-Unrelated Hodgkin lymphomas Differ with Regard to Susceptibility to
Checkpoint Blockade?

The tumour microenvironment of EBV-related cHLs contains higher numbers of
macrophages and higher expression levels of PD-L1 than that of EBV-unrelated cHLs.
Moreover, viral oncoprotein LMP1 may sustain an immunosuppressive microenvironment
by inducing/enhancing the production of immunosuppressive cytokines and the expres-
sion of PD-1. The presence of enhanced immunosuppressive features in EBV-related cHL
should make EBV-related cHL patients more susceptible to checkpoint blockade [27,31].

4. The Hodgkin lymphoma Microenvironment as a Therapeutic Target

Although cHL is a curable tumour, current treatments are unable to eradicate dis-
ease in about 30–35% of patients. Current active, yet non-curative, drugs such as BV,
nivolumab, histone deacetylase inhibitors (HDACis), and immunomodulatory agents have
allowed high rates of objective responses in r/r patients who fail autologous stem cell
transplantation (SCT) [8,15,32]. Alternative treatment strategies for cHL patients have been
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envisioned not only to address the therapeutic challenge of primary refractory and early-
relapsed cHL patients but also to reduce the long-term toxicities of chemo-radiotherapy in
chemosensitive patients.

Current clinical results have recently been discussed and reviewed in ref. [33]. The
Keynote-087 study reported a median duration of response of 16.6 months and a PFS
of 13.7 months for patients receiving single-agent pembrolizumab [34]. Because of this
study and others, combination ICI therapies have also been investigated, and studies
such as SWOG S1826 have shown promising results of nivolumab in combination with
chemotherapy [35]. Of note, several patients in a very recent reported cohort did receive
combination doxorubicin, vinblastine, dacarbazine, and nivolumab. None of these patients
relapsed [33]. However, despite these advances, most patients with relapsed or refractory
disease do progress after ICIs, and additional therapeutic options are urgently needed. In
fact, several clinical trials are ongoing, as reviewed in ref. [36].

Ipilimumab is included among the ICIs that are approved by the FDA, together with
pembrolizumab, nivolumab, atezolizumab, avelumab, durvalumab, and cemiplimab. In
a phase 1/2 trial, patients with r/r cHL were treated with either the combination of BV
and nivolumab or ipilimumab (CTLA-4 antibody) or both. This study demonstrated
improved responses with BV+ nivolumab over BV+ ipilimumab or BV+ both groups.
About half of patients in the BV +ipilimumab group suffered grade 3–4 adverse events.
The phase 2 study comparing BV+ nivolumab with or without ipilimumab is ongoing
(NCT01896999) [11]. Treatment for r/r cHL after ASCT includes allogeneic stem cell
transplant, brentuximab vedotin and other CD30 antibodies, immune checkpoint inhibitors
(ICIs) targeting programmed death signalling, and investigational agents such as histone
deacetylase inhibitors, Janus kinase 2 inhibitors, and chimeric antigen receptor (CAR) T-cell
therapy [37]. Of these, ICIs have shown promising results, and for relapsed and refractory
disease, the addition of nivolumab results in durable disease control for some patients, with
a median progression-free survival (PFS) of 14.7 months in the CheckMate 205 trial [15].

Evidence to date suggests that CD40 activation is a critical mechanism to convert so-
called “not-inflammed” tumours to inflamed ones, i.e., with a prominent tumour infiltration
of T cells, sensitising them to checkpoint inhibition [26]. The clinical use of anti-CD40
agonist monoclonal antibodies (mAbs) is aimed at recruiting the immune system to fight the
tumour cells, as it has been well demonstrated in various preclinical models. Realising the
effective application of CD40 mAbs in clinical practice requires novel approaches designed
to prevent or mitigate the systemic toxicity associated with CD40 agonism [38–40].

5. Conclusions

In a previous work [26], we reported how little the results of checkpoint blockade
in diffuse large B-cell lymphomas and other B-cell lymphomas are similar to those ob-
tained in Hodgkin lymphoma, probably due to the different composition of the tumour
microenvironment.

In the current work, we hypothesise how to increase the efficacy of checkpoint in-
hibitors in patients with classic Hodgkin lymphoma. In these patients, it is discussed
how checkpoint inhibition should be integrated with other types of immunotherapy. In
particular, how to inhibit the growth pathways of the Reed–Sternberg cell is discussed, for
example, with the use of CD40 antagonists.

Recent years have witnessed an increasing focus on immune checkpoints encom-
passing biomarkers, innovative therapies combining immune checkpoint inhibitors, and
the comprehensive exploration of resistance and toxicity. A major challenge is how to
overcome drug resistance in cHL through rationale combinations of checkpoint inhibitors
with other therapies.

When employed as a single therapy, the efficacy of ICIs encounters limitations due to
a low response rate and associated immune-related side-effects. The evolving landscape of
combination therapies provide new opportunities for applying ICIs in cHL therapy.
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Furthermore, numerous unsatisfactory clinical issues still need to be addressed in the
application of ICIs due to the nascent state of technology and factors, such as resistance
and adverse effects [41]. Several systems may encounter complications linked to ICI. These
complications span the skin, digestive, respiratory, endocrine, cardiovascular, urinary, and
central nervous systems. While skin and gastrointestinal toxicities are more frequent, they
tend to be less severe. Conversely, lung-, cardiac-, neurological-, and nephrotoxicity are
infrequent but more severe, occasionally leading to fatal outcomes [18,41,42].

In the future, immunotherapy will not be limited to monotherapy with immune check-
points alone. Recent research has focused on the application of multiple ICIs in combination
with other therapies including antiviral therapies in EBV-positive cHL, preventing and
eliminating their adverse effects through monitoring and early intervention. Therefore,
this strategy could increase the efficacy of ICI, decrease or mitigate adverse effects, and
ultimately expand the fraction of patients who can benefit from ICIs.
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