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Simple Summary: Classical Hodgkin Lymphoma is a blood cancer, accounting for 0.5% of all
new cancer diagnoses. Despite high cure chances, approximately 20% of patients are refractory to
frontline treatment or relapse thereafter. Treatment strategies for relapsed/refractory patients have
progressively lower chances of inducing a persistent complete remission. Therefore, great efforts are
being made to further improve rates of response of frontline therapy, as well as to explore the efficacy
of new compounds and different drug combinations. The present review aims to summarize these
efforts, offering an overview of recent advances and future perspectives in the field.

Abstract: Classical Hodgkin Lymphoma (cHL) is a highly curable disease, but around 20% of
patients experience progression or relapse after standard frontline chemotherapy regimens. Salvage
regimens followed by autologous stem cell transplants represent the historical treatment approach
for these cases. In the last decade, with the increasing understanding of cHL biology and tumor
microenvironment role in disease course, novel molecules have been introduced in clinical practice,
improving outcomes in the relapsed/refractory setting. The anti-CD30 antibody-drug conjugated
brentuximab vedotin and PD-1/PD-L1 checkpoint inhibitors represent nowadays curative options
for chemorefractory patients, and randomized trials recently demonstrated their efficacy in frontline
immune-chemo-combined modalities. Several drugs able to modulate the patients’ T-lymphocytes
and NK cell activity are under development, as well as many anti-CD30 chimeric antigen receptor
T-cell products. Multiple tumor aberrant epigenetic mechanisms are being investigated as targets
for antineoplastic compounds such as histone deacetylase inhibitors and hypomethylating agents.
Moreover, JAK2 inhibition combined with anti-PD1 blockade revealed a potential complementary
therapeutic pathway in cHL. In this review, we will summarize recent findings on cHL biology and
novel treatment options clinically available, as well as promising future perspectives in the field.

Keywords: Hodgkin Lymphoma; immunochemotherapy; immune checkpoint inhibitors; anti-CD30
drugs; T-cell regulation; CAR T-cells; epigenetic modulation

1. Introduction

Classical Hodgkin Lymphoma (cHL) is a rare disease accounting for 10% of all lym-
phomas and 0.5% of all new cancer diagnoses, and it is characterized by a bimodal distribu-
tion, affecting mostly young adults and people aged over 50 [1]. Despite cHL being con-
sidered a highly curable disease, approximately 20% of patients fail the standard frontline
chemotherapy, mostly represented by the schemes doxorubicin, bleomycin, vinblastine, and
dacarbazine (ABVD) or escalated bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, and prednisone (eBEACOPP) [2,3]. Salvage strategies consisting
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of high-dose chemotherapy followed by autologous stem cell transplant (ASCT) represent
the standard of care for transplant-eligible patients and are curative in around 50% of
cases [4]. In the recent era, building on expanded knowledge of cHL biological complexity,
novel drugs have been developed in order to improve outcomes for chemorefractory patients.

Hodgkin lymphoma is characterized by peculiar pathological features: the typical
Hodgkin and Reed Sternberg (HRS) tumor cells represent less than 5% of the involved
tumor tissue and are surrounded by a complex tumor microenvironment (TME) consisting
of a varied polyclonal immune background that includes T helper cells, natural killer
(NK) cells, dendritic cells, tumor-associated macrophages (TAMs), mast cells, eosinophils,
stromal cells, plasma cells, fibroblasts and other elements [5,6]. HRS malignant cells
display a characteristic immunophenotype with typical CD30 positivity and release several
cytokines, including a number of interleukins, transforming growth factor ß (TGF-ß) and
granulocyte-macrophage colony-stimulating factor (GM-CSF), which all contribute to TME
modulation and immune control evasion [7,8].

CD30 protein expression and the programmed cell death protein-1 receptor (PD-1) and
ligands (PD-L1/PD-L2) immune modulatory pathway have proven to be relevant for tumor
development and survival and represent key targets for novel treatment strategies [9,10].
Given the importance of the immune system in tumor control, a number of strategies aimed
at immune system modulation, reconstitution and enhancement are under development,
such as chimeric antigen receptor (CAR) T-cells, NK cell-targeting bispecific antibodies
and novel immune checkpoint inhibitors. Finally, the study of the aberrant epigenetic
mechanisms involved in oncogenesis led to investigations on epigenetic modulating agents
as a potential treatment strategy for cHL.

In this review, we provide an overview of novel, approved and emerging treatment
strategies for cHL driven by increasing knowledge of biological features of the disease and
its pathophysiologic molecular pathways. With this purpose, a literature research including
papers, international oncology guidelines and abstracts derived from main international
conference proceedings up to February 2024 has been conducted.

2. CD30 and CD30 Targeted Therapies

CD30 antigen or Ki-1 is a 120-kDA glycosylated type I transmembrane protein be-
longing to the Tumor Necrosis Factor Receptor Superfamily encoded by a gene located on
chromosome 1p36 [11,12]. The interaction between CD30 and its ligand has pleiotropic
biological effects depending on the involved cell type and other stimuli, ranging from
providing proliferation and survival signals to promoting cell death [13,14]. CD30 is ex-
pressed on multiple lymphoid cells, including activated B and T/NK cells, virus-infected
lymphocytes and malignant cHL and Non-Hodgkin Lymphoma (NHL) cells [11,12]. The
low or absent expression of CD30 on healthy tissues besides activated B and T/NK cells
has made it an attractive target for antineoplastic therapies.

Brentuximab Vedotin

In clinical studies, naked anti-CD30 monoclonal antibodies (mAbs) did not reveal
significant responses in patients with refractory or relapsed (R/R) cHL [15]. This is presum-
ably related to a reduced efficiency of antibody-dependent cellular cytotoxicity (ADCC)
against HRS cells due to several alterations in signaling mechanisms in these cells and
in the surrounding microenvironment, which act to promote tumor growth and immune
evasion as well as rapid internalization and shedding of CD30 after ligand binding [16–18].
However, although the rapid internalization of CD30 after ligand binding counteracts the
efficient recruitment of immunological effectors involved in ADCC, it provides the ideal
opportunity for utilizing anti-CD30 mAbs as a vehicle for delivering cytotoxic payloads
into HRS cells.

Brentuximab vedotin (BV) is an antibody-drug conjugate (ADC) composed of an
anti-CD30 mAb conjugated by a protease cleavable linker with the cytotoxic microtubule-
disrupting agent monomethyl auristatin E (MMAE, vedotin). After BV binds to CD30 on
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the cell surface, the ADC-CD30 complex is internalized, and MMAE is released, inducing
cell cycle arrest and subsequent apoptotic death. When initially tested in a phase I study
conducted on 45 patients with R/R CD30-positive lymphomas, BV administered intra-
venously every 3 weeks showed a safe toxicity profile and interesting antitumor activity,
with the majority of patients achieving an objective response [19]. Thus, in a multinational
pivotal phase II trial, BV was evaluated on 102 patients with R/R cHL after ASCT: the
overall response rate (ORR) was 75%, with 34% of complete remission (CR) [20]. On the
basis of these results, the regulatory authorities Food and Drug Administration (FDA)
and European Medicines Agency (EMA) approved the first use of BV as monotherapy for
patients with R/R cHL after ASCT or at least two prior lines of therapy [21,22].

Following the first approval, BV has been evaluated in several scenarios of R/R cHL.
In patients with R/R cHL after salvage chemotherapy in a pre-ASCT setting, BV

monotherapy obtained a negative positron emission tomography (PET) status in a high
percentage of cases. In two multicenter retrospective analyses on ASCT-naïve patients who
were PET-positive following conventional chemotherapy, salvage treatment with a median
of 4 doses of BV resulted in normalization of PET scans in 8 out of 15 (53%) and in 9 out of
30 (30%) patients [23–25].

In the randomized, double-blind, placebo-controlled, phase III trial AETHERA, 329 pa-
tients with primary refractory or relapsed unfavorable-risk cHL were randomly assigned to
receive BV or placebo for up to 16 cycles after ASCT. The median progression-free survival
(PFS) was 42.9 months in the BV group and 24.1 months in the placebo group [26]. The
favorable results of the AETHERA trial granted the FDA approval of BV as post-ASCT
consolidation in patients with cHL at high risk of relapse or progression.

The role of BV monotherapy in R/R cHL was also analyzed in pre- and post-allogeneic
stem cell transplantation (allo-SCT) settings. In a retrospective analysis, 18 patients with
R/R cHL treated with BV were subsequently treated with reduced-intensity allo-SCT with
successful engraftment and no unexpected toxicities [27]. Another retrospective analysis of
16 BV-naïve patients with recurrent cHL after allo-SCT who were treated with BV reported
transient disease control with 69% of ORR (CR in 31%) and a median duration of response
(DOR) of 5 months [28].

Few data are available about BV combined with chemotherapy in R/R cHL patients.
In a phase I/II trial, the combination of BV plus bendamustine was tested as the first
salvage strategy in 55 patients: ORR was 92.5%, with 73.6% of patients achieving a CR [29].
In another phase I/II, multicenter, single-arm trial, 64 patients with heavily pretreated cHL
(65% previously received ASCT, allo-SCT or both) were treated with BV plus bendamustine
for up to 6 cycles. Patients were excluded if they were previously treated with BV and
bendamustine in combination but were eligible if they had received either as a single agent.
The ORR in the combined phase I/II cohort was 71%, with a CR rate of 32% [30,31].

3. PD-1/PD-L1 Signaling and PD-1 Checkpoint Inhibitors

T-mediated adaptive immunity is crucial in antineoplastic response. It is initiated
through antigen recognition by the T-Cell Receptor (TCR), which is regulated by a multi-
tude of co-stimulatory and inhibitory signals. Such inhibitory signals, necessary for the
maintenance of self-tolerance, are globally named Immune Checkpoints (ICs) [32,33]. One
of the most studied ICs is represented by the PD-1/PD-L1 pathway, which was revealed to
be an effective target for several biological drugs adopted both in hematologic malignancies
and solid tumors.

PD-1 (or CD279) is a 55-kDa transmembrane receptor type I protein with canonical
immunoglobulin (Ig)-like extracellular domain encoded by a gene located on chromosome
2q37. It is usually expressed by activated T cells, T regulatory cells (Tregs), T follicular helper
cells, B cells, NK cells, monocytes and Dendritic Cells (DCs) [34,35]. PD-1 has two natural
ligands: PD-L1, also known as CD274 or B7-H1, and PD-L2, also named as CD273 or B7-DC,
encoded by two genes located on chromosome 9p24, just 42 Kb apart [36]. The two PD-1
ligands differ in their expression patterns, with PD-L1 constitutively expressed on T and B
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cells, monocytes, DCs, mesenchymal stem cells, bone marrow-derived mast cells and a wide
range of non-hematopoietic cells, while PD-L2 expression can be induced on monocytes,
DCs, bone marrow-derived mast cells and on resting peritoneal B1 cells [37]. PD-1/PD-
1-ligand interaction results in clustering between the PD-1/PD-1-ligand complex and the
TCR-antigen complex with the recruitment of Src Homology 2 domain-containing tyrosine
Phosphatase-1 (SHP-1) and SHP-2 proteins. SHP-1 and SHP-2 are two phosphatases
that dephosphorylate ZAP-70 with consequent signal attenuation downstream of TCR
by inhibition of PI3K and RAS-MAPK pathways, downregulation of TNF-alpha and IL-2
production, and overall inhibition of T cells activity [38,39].

As previously highlighted, HRS cells represent only a small portion of the overall
tumor mass and are surrounded by a variety of immune cells, yet antitumor immunity
fails to effectively recognize and eliminate the malignant cells. Indeed, HRS cells achieve
immune evasion by multiple mechanisms including enhanced expression of PD-L1 and
PD-L2 on themselves and, through local signals, on tumor-infiltrating macrophages. PD-L1
and PD-L2 bind PD-1 on the surface of tumor-infiltrating lymphocytes suppressing T-cell
activation [40]. Through PD-1 or PD-L1 targeting, immune checkpoint inhibitors unblock
immune suppression of T cells and restore their antitumor activity. The mechanism of
action of PD-1 inhibitors is summarized in Figure 1.
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Figure 1. PD1-mediated inhibition of T cell activity. Multiple signal transduction pathways converge
in antigen-stimulated T lymphocytes to generate transcription factors that promote the expression of
genes involved in activating and maintaining the T response. The main pathways involved are those
of RAS/MAPK, PLCγ1 and PI3K/AKT. PD-1 activation results in SHP2-mediated dephosphorylation
of CD3ζ, Zap-70, PKC, and PI3K and consequently with their inhibition.

3.1. Nivolumab and Pembrolizumab

To date, two PD-1 inhibitors are approved for the treatment of cHL and several new
compounds are under investigation.
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Nivolumab is a fully human IgG4 mAb directed against PD-1 which is approved as
monotherapy for patients with R/R cHL after ASCT and BV [41,42]. In a phase I trial,
23 patients with heavily pretreated cHL (most of them previously subjected to ASCT and
BV) received nivolumab intravenously every 2 weeks until CR, tumor progression, or
excessive toxicity. Nivolumab showed substantial therapeutic activity with an ORR of 87%
(17% CR) and a good toxicity profile [43]. In an international, multicenter, multi-cohort,
single-arm, phase II trial (CHECKMATE 205), 243 patients with R/R cHL after ASCT
failure received nivolumab until disease progression or unacceptable toxicity. At a median
follow-up of 8.6 months, the ORR was 69%, with 16% of CR [44]. The long-term follow-
up analysis of the study showed durable responses with a median DOR of 18.2 months
overall (33.3 months for patients achieving CR) and a 5-year overall survival (OS) of 71.4%.
Interestingly, a small portion of patients who discontinued nivolumab in CR and later
relapsed obtained a second response after treatment rechallenge [45]. In the CheckMate
744 phase II trial, nivolumab has also been tested as a salvage treatment for young R/R
cHL patients in combination with BV +/− bendamustine in a response-adapted approach.
Forty-three patients aged 5–30 years received four cycles of nivolumab plus BV, with a
CR rate of 59%, while 11 patients not achieving CR underwent 2–4 further intensification
cycles of BV plus bendamustine, with a global CR rate of 94%. Thirty-four patients received
consolidation with ASCT. The one-year PFS rate was 91% [46].

Pembrolizumab is a humanized anti-PD-1 IgG4 mAb approved by the FDA and EMA
as monotherapy for patients with R/R cHL after ASCT failure or at least two prior lines
of therapy if ASCT ineligible [47,48]. In a cohort of 31 patients with heavily pretreated
cHL R/R after BV and belonging to the phase Ib KEYNOTE-013 trial, pembrolizumab
monotherapy administered intravenously every 2 weeks—instead of every 3 weeks as
is most commonly the case—resulted in 65% of ORR with a CR rate of 16% [49]. In the
multi-cohort, single-arm, phase II trial KEYNOTE-87, 210 patients with R/R cHL after
ASCT and/or BV received pembrolizumab every 3 weeks for a maximum of 24 months
or until disease progression, intolerable toxicity, or investigator decision. At a median
follow-up of 10.1 months, the ORR was 69%, with 22.4% of patients achieving CR [50].
An updated analysis with a median follow-up of 27.6 months showed long-lasting effi-
cacy of pembrolizumab with a median DOR of 16.5 months, a median PFS ranging from
10.9 months to not reached for patients obtaining SD to CR as the best response and a
median OS not reached for all the cohorts. Of note, in this long-term analysis, slightly
higher response rates were observed, with ORR and CR of 71.9% and 27.6%, respectively,
showing the possibility of late responses [51].

Nivolumab and pembrolizumab efficacy was also evaluated in specific patient settings,
such as after allo-SCT failure or as treatment rechallenge in patients previously exposed
to anti-PD-1 drugs. In a retrospective analysis, 20 patients with cHL R/R after allo-SCT
received nivolumab, which resulted in effective and relatively safe in this setting. The
ORR was 95% with 42% of CR and 1-year PFS and OS of 58.2% and 78.7%, respectively.
Six patients (30%) experienced graft versus host disease after nivolumab initiation, and two
of them died due to this condition [52]. As part of the KEYNOTE-87 trial, 10 patients with
relapsing cHL after 12 months since the last pembrolizumab infusion were treated with
a second course of pembrolizumab. The ORR was 75% with 50% of patients achieving a
second CR [51].

3.2. Other PD-1 Checkpoint Inhibitors

Sintilimab and tislelizumab are two novel humanized IgG4 mAbs directed against
PD-1 developed and approved in China for the treatment of R/R cHL. In two multicenter,
single-arm, phase II studies (ORIENT-1 and BGB-A317-203), more than 170 patients with
R/R cHL after ≥2 lines of therapy received sintilimab 200 mg flat dose or tislelizumab
200 mg flat dose every 3 weeks until progression, unacceptable toxicity, or for a maximum
of 2 years. The ORR obtained was up to 80%, with CR rates ranging from 30 to 60% [53,54].
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GLS-010 (zimberelimab) is another novel, fully human, IgG4 mAb with high affinity
and selectivity for PD-1. In a multicenter, single-arm, phase II trial, 85 patients with R/R
cHL after at least two prior lines of therapy received GLS-010 240 mg flat dose every
2 weeks until confirmed disease progression or up to a maximum of 2 years. The ORR was
90.6%, with a CR in 32.9% of patients [55].

Avelumab is a fully human, anti PD-1 IgG1 mAb. It inhibits PD-1/PD-1L interaction
and, unlike the mAbs described so far, it is also able to determine ADCC activation against
HRS cells due to its different Fc portion. In a multicenter, multiple-dose, phase I trial
(JAVELIN), 31 patients with heavily pretreated R/R cHL was randomized to receive
avelumab at different dosages. The ORR was 41.9%, with a CR rate of 19.4% [56].

3.3. Chemotherapy-Resensitization after PD-1 Inhibition

Retrospective analyses on solid tumors and cHL revealed an improvement in response
rates to chemotherapy after exposure to anti-PD-1 mAbs. In three retrospective small
series, patients with heavily pretreated cHL who showed unsatisfactory responses to PD-1
inhibitors were treated with different chemotherapy strategies with or without concomitant
anti-PD-1 administration. Around 60–68% of patients obtained a sustained objective
response, with up to 40% of them achieving a CR and a median PFS ranging from 8 to
11 months among the different cohorts. A portion of the responding patients underwent
ASCT or allo-SCT without excess toxicities [57–59]. Interestingly, in the series reported
by Rossi et al. [57] 12 out of 15 patients responded to the same chemotherapy regimen to
which they previously resulted refractory. These results led to the hypothesis that exposure
to anti-PD-1 mAbs could resensitize tumor cells to chemotherapy, further encouraging their
use in multi-refractory patients.

4. Frontline Treatment Reshaping
4.1. BV Plus Chemotherapy Combinations

Advanced stage cHL is usually treated with chemotherapy, and as previously men-
tioned, the most common schemes used in this setting are ABVD and eBEACOPP [2,3].
Nevertheless, in the last decade, BV, in combination with different chemotherapy regimens,
has been established as an effective first-line alternative in advanced-stage cHL.

The ECHELON-1 trial led to the approval of the combination of BV plus doxoru-
bicin, vinblastine, and dacarbazine (BV-AVD) as the first-line treatment of advanced-stage
cHL [21,60]. The 5-year update of this international randomized phase III study showed a
PFS benefit of BV-AVD over the ABVD standard arm (5-year PFS of 82.2% vs. 75.3%, HR
0.69, p = 0.0017) [61]. The benefits of BV-AVD were consistent in different subgroups of
patients regardless of treatment response at the interim-PET (PET-2 status), disease stage
and other prognostic factors, and they were also confirmed by real-world studies [61–64].
Moreover, the last 6-year long-term analysis of the trial demonstrated an improved OS
for BV-AVD in respect of the standard arm (93.9% and 89.4%, respectively, HR 0.68), thus
confirming the higher effectiveness of the immunochemotherapy combination in respect
of standard chemotherapy for treatment-naïve advanced stage cHL [65]. Despite the im-
proved efficacy of BV-AVD, this combination showed increased toxicities compared to
ABVD in terms of febrile neutropenia and peripheral neuropathy rates (47–80% with 8–10%
grade 3) even if fewer secondary malignancies have been reported [61,65,66].

BV combined with chemotherapy has also been tested in patients with limited-stage
disease and other subgroups of cHL patients. In the multicenter randomized phase II
trial BREACH, BV-AVD has been investigated in early-stage unfavorable cHL. Patients
treated with four courses of BV-AVD followed by 30 Gy of involved nodal radiotherapy
(INRT) showed higher PET-2 negative rates and better PFS with respect to the standard
4 ABVD + INRT [66]. Abramson et al. [67] treated non-bulky stage I-II cHL with BV plus
doxorubicin and dacarbazine (BV-AD), obtaining ORR and CR rates of 100% and 97%,
respectively, with an estimated 5-year PFS of 91%. Among treated patients, 92% achieved
a CR at PET-2 and received four cycles, while the remaining patients received six total
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cycles. Kumar et al. [68] confirmed the high efficacy of four cycles of BV-AVD in early
stages and unfavorable risk cHL, even omitting radiotherapy in PET-4 negative patients
(2-year PFS 96.6%).

BV-AVD has been shown to be safe and effective also in advanced-stage HIV-related
cHL [69]. In a phase I–II trial conducted on 41 HIV-positive patients, 90% of them achieved
a CR, and the 2-year PFS was 87% without excess toxicities observed [70].

BV was also tested as a frontline therapy in older or unfit patients to reduce or avoid
chemotherapy exposure. While BV monotherapy granted a high ORR but limited PFS and
OS [71–73], the addition of reduced-intensity chemotherapy showed promising results.
Evens et al. [74] tested a sequential treatment modality with single-agent BV administered
before and after AVD in previously untreated patients aged 60 or older. At the end of the
AVD cycles, the response rates were remarkable, with 96% of patients achieving a CR. The
study showed considerably higher outcomes with respect to those reported in the last few
decades in this age group, with 2-year OS and PFS of 93% and 84%, respectively, alongside
a manageable toxicity profile. In another two-arm non-randomized phase II study on older
patients with cHL non-eligible for standard chemotherapy, BV plus dacarbazine granted
62% of CR with good tolerability. Patients enrolled in the second arm of the study received
BV plus bendamustine with higher CR rates (88%) at the cost of a greater rate of adverse
events and lower tolerability [75,76].

Eichenauer et al. [77] included BV in the higher intensity scheme eBEACOPP in a
phase II study with the aim of lowering chemotherapy-related toxicities and maintaining
sufficient efficacy. Patients were randomized to receive either a combination of BV, etopo-
side, doxorubicin, cyclophosphamide, dacarbazine, and dexamethasone (BrECADD) or BV,
etoposide, doxorubicin, procarbazine, and prednisone (BrECAPP) as eBEACOPP variants.
Both schemes granted satisfactory responses at the end of treatment compared to the usual
eBEACOPP performance. The estimated 18-month PFS was 95% for BrECAPP and 89%
for BrECADD. In both arms, fewer dose reductions than eBEACOPP were necessary, and
the toxicity profile was especially favorable for BrECADD. Interestingly, the incidence of
peripheral neuropathy was 32–35%, which is lower than what has been observed with
other schemes containing BV. Recently, preliminary data about the phase III HD21 trial
comparing standard eBEACOPP and BrECADD in advanced-stage cHL were shown by
the German Hodgkin Study Group (GHSG). With a median follow-up of 40 months, the
3-year PFS was 92.3% for eBEACOPP and 94.9% for BrECADD. The 3-year OS was 98.5%
in both groups [78].

4.2. PD-1 Checkpoint Inhibitors plus Chemotherapy Combinations

PD-1 inhibitors are not currently approved for frontline treatment, but a number
of trials have shown their promising efficacy and limited toxicity when combined with
chemotherapy, especially in limited-stage disease.

The NIVAHL trial investigated the combination of nivolumab plus AVD (N-AVD)
in early-stage cHL patients with unfavorable disease by GHSG criteria, with impressive
efficacy results. Patients were randomized to receive four courses of N-AVD or a sequential
treatment consisting of 4 doses of nivolumab, two cycles of N-AVD, and two cycles of
AVD and patients in both arms underwent radiation therapy afterward [79]. The 3-year
follow-up analysis of this phase II study showed 3-year PFS and OS estimates of 99% and
100%, respectively [80]. Fifteen percent of patients required interventions for potentially
treatment-associated morbidities, though none required immunosuppressants. The most
common adverse events (AEs) were hypothyroidism and respiratory disorders, which were
documented in 19% of patients.

The phase II study CheckMate 205, conducted on advanced-stage cHL patients, tested
a sequential treatment scheme consisting of four doses of nivolumab followed by six cycles
of N-AVD, reaching high response rates (80% CR) with a reasonable toxicity profile [81].
Rutherford et al. [82] compared frontline BV-AVD and N-AVD in advanced stage cHL
in a head-to-head phase III trial. Although hypothyroidism and cutaneous rashes were
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more often observed with N-AVD, this scheme resulted in generally less toxicity and better
tolerance, with a discontinuation rate of 15% vs. 39% in patients treated with BV-AVD.
Even though only a limited follow-up is available, N-AVD was associated with improved
PFS and OS over BV-AVD, with 1-year PFS of 93% vs. 64% and 1-year OS of 95% vs. 83%.

Pembrolizumab has been tested in a frontline therapy setting as well. Allen et al. [83,84]
tested sequential pembrolizumab for three cycles followed by 4 to 6 cycles of AVD in
unfavorable or advanced-stage cHL, reaching an astounding CR rate of 100%. None of
the patients discontinued the treatment, and all of them were alive and disease-free at the
last update. Similar results have been obtained by Lynch et al. [85] using a combination
of pembrolizumab and AVD (P-AVD) instead of sequential therapy. This scheme granted
a CR rate of 90% with 2-year PFS and OS of 97% and 100%, respectively. Of note, among
patients with persistent PET positivity at the end of treatment, none had relapsed at the
time of publication, suggesting the possibility of spurious PET findings with P-AVD.

4.3. BV-Nivolumab Combination and Chemo-Free Regimens

Given the high efficacy and limited toxicity of BV and PD-1 inhibitors, the combination
of these compounds could represent a valid alternative to conventional chemotherapy for
patients ineligible for standard schemes due to age or comorbidities. The ACCRU trial
tested eight cycles of BV plus nivolumab (BV-N) in patients ineligible for chemotherapy. The
results were encouraging, with an ORR of 61% and a CR rate of 48%, maintaining good tol-
erance throughout the full treatment [86]. Friedberg et al. [87] conducted a non-comparative
phase II study on cHL patients aged ≥60 years unfit for conventional chemotherapy, testing
two combinations: BV plus dacarbazine (BV-DTIC) or BV-N. With a median follow-up
of around 5 years, upfront BV-N obtained an ORR of 86% with median PFS and OS not
reached, while BV-DTIC granted a median PFS of 47.2 months. Despite the advanced
age and significant frailty of enrolled patients, both regimens showed good tolerance and
long-term efficacy, thus suggesting potential alternatives to chemotherapy in this setting.
Notably, the chemo-free regimen had more G3-4 AEs in respect of BV-DTIC (76% vs. 45%).

The combination of standard chemotherapy and novel compounds has also granted
interesting results in limited-stage cHL. Park et al. [88] tested a new PET-driven treatment
scheme in patients with limited-stage, non-bulky cHL composed of three cycles of BV-AVD
followed by up to eight cycles of nivolumab. Patients who were still PET-positive at the end
of the three BV-AVD cycles received an additional four cycles of BV-N before nivolumab
consolidation. The results are astonishing, with 100% of PFS at 22 months, although a
longer follow-up is needed to establish the true benefit of this approach in limited-stage
cHL. In the ongoing SGN35-027 trial, patients with limited-stage cHL receive nivolumab
in addition to BV-AD. Early results showed an ORR of 95–98% with 88–93% of CR and a
1-year PFS of 100% [89,90].

Currently ongoing phase II–III evaluating new regimens for the frontline treatment of
adult patients with cHL are summarized in Table 1.

Table 1. Currently ongoing phase II–III studies for frontline treatment of adult patients with cHL.

Title Identifier Phase Regimen

Nivolumab and Brentuximab Vedotin in Treating
Older Patients With Untreated Hodgkin Lymphoma NCT02758717 Phase II BV + N

PET Adapted Brentuximab Vedotin and
Pembrolizumab in Combination With Doxorubicin
and Dacarbazine in Classic Hodgkin Lymphoma

NCT05922904 Phase II P + BV + AD

A Frontline Therapy Trial in Participants With
Advanced Classical Hodgkin Lymphoma NCT01712490 Phase III BV + AVD vs. ABVD
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Table 1. Cont.

Title Identifier Phase Regimen

Clinical Trial of Brentuximab Vedotin in Classical
Hodgkin Lymphoma NCT03646123 Phase II BV + AVD or BV + N + VD

Fitness-adapted, Pembrolizumab-based Therapy for
Untreated Classical Hodgkin Lymphoma Patients 60
Years of Age and Above

NCT05404945 Phase II P + AVD vs. P + BV

Brentuximab Vedotin and Combination
Chemotherapy in Treating Patients With Stage II–IV
HIV-Associated Hodgkin Lymphoma

NCT01771107 Phase I–II BV + AVD

Brentuximab Vedotin in Early Stage Hodgkin
Lymphoma (RADAR) NCT04685616 Phase III BV + AVD vs. PET adapted

ABVD ± RT

Doxorubicin, Vinblastine, Dacarbazine, Brentuximab
Vedotin, and Nivolumab in Treating Patients With
Stage I-II Hodgkin Lymphoma

NCT03233347 Phase II BV + N + AVD

Very Early PET-response Adapted Targeted Therapy
for Advanced Hodgkin Lymphoma: a Single-Arm
Phase II Study (COBRA)

NCT03517137 Phase II BV + AVD ± BrECADD

HD21 for Advanced Stages NCT02661503 Phase III BrECADD vs. BEACOPP

Immunotherapy (Nivolumab or Brentuximab
Vedotin) Plus Combination Chemotherapy in
Treating Patients With Newly Diagnosed Stage
III–IV Classic Hodgkin Lymphoma

NCT03907488 Phase III BV-AVD vs. N-AVD

A Study to Compare Standard Therapy to Treat
Hodgkin Lymphoma to the Use of Two Drugs,
Brentuximab Vedotin and Nivolumab

NCT05675410 Phase III BV and N + standard
chemotherapy

A(B)VD Followed by Nivolumab as Frontline
Therapy for Higher Risk Patients With Classical
Hodgkin Lymphoma (HL)

NCT03033914 Phase I–II ABVD + N

Lowdose Nivolumab in Combination With AVD as
Front Line Therapy for Classic
Hodgkin’s Lymphoma

NCT05772624 Phase II AVD + Low dose N

Pembrolizumab in First-Line Treatment of
Advanced-Stage Classical Hodgkin Lymphoma
(Pembro-FLASH)

NCT06045195 Phase II P-EACOPP

A Phase II Study to Determine Pembrolizumab as
Frontline Treatment of Patients With Hodgkin
Lymphoma (PLIMATH)

NCT03331731 Phase II P

Fitness-adapted, Pembrolizumab-based Therapy for
Untreated Classical Hodgkin Lymphoma Patients 60
Years of Age and Above

NCT05404945 Phase II P + AVD vs. BV + P

Study of Pembrolizumab With Bendamustine in
Hodgkin Lymphoma NCT04510636 Phase II P + Bendamustine

Study of Safety and Efficacy of Pembrolizumab and
Chemotherapy in Participants With Newly
Diagnosed Classical Hodgkin Lymphoma (cHL)
(MK-3475-C11/KEYNOTE-C11)

NCT05008224 Phase II Sequential P +
chemotherapy
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Table 1. Cont.

Title Identifier Phase Regimen

Doxorubicin Hydrochloride, Pembrolizumab,
Vinblastine, and Dacarbazine in Treating Patients
With Classical Hodgkin Lymphoma

NCT03331341 Phase II P + AVD

Pembrolizumab Followed by Chemotherapy for the
Treatment of Patients With Classical
Hodgkin Lymphoma

NCT06164275 Phase II P + AVD

PET-Directed Therapy With Pembrolizumab and
Combination Chemotherapy in Treating Patients
With Previously Untreated Classical
Hodgkin Lymphoma

NCT03226249 Phase II P + AVD

ABVD (Adriamycin, Bleomycin, Vinblastine, Dacarbazine), AVD (Adriamycin, Vinblastine, Dacarbazine), AD
(Adriamycin, Dacarbazine), BEACOPP (Bleomycin, Vincristine, Procarbazine, Prednisone, Etoposide, Doxorubicin,
Cyclophosphamide), BrECADD (Brentuximab Vedotin, Etoposide, Cyclophosphamide, Doxorubicin, Dacarbazine,
Dexamethasone), BV (Brentuximab Vedotin), EACOPP (Vincristine, Procarbazine, Prednisone, Etoposide, Doxorubicin,
Cyclophosphamide), N (Nivolumab), P (Pembrolizumab), RT (Radiotherapy), VD (Vinblastine, Dacarbazine).

5. Regulation of T-Lymphocytes and NK Cells Function
5.1. CD25 Targeting

Camidanlumab tesirine (cami-T) is an anti-CD25 ADC comprised of an IgG1 directed
against CD25 and the cellular toxin pyrrolobenzodiazepine (tesirine). CD25, or IL2RA, is
an important receptor expressed by circulating activated immune cells and Tregs as well as
by many hematological malignancies, including cHL [91]. Tregs play an important role in
the persistence of cancers: an excessive infiltration of Tregs into the TME can imbalance
the Tregs/T-effector cells ratio, contributing to tumor progression [92]. Cami-T showed
antitumor activity in vivo via different mechanisms, including direct DNA toxicity in
neoplastic cells as well as through depletion of CD25-positive Tregs [93]. Interestingly, CD25
tumor expression levels did not relate to response to this compound. On the other hand,
lower levels of circulating CD25-positive cells might correlate with poor responses [94].

A phase I study was conducted on patients affected by various types of R/R lympho-
proliferative disorders, including cHL. In this setting, cami-T achieved an ORR of above
70% for cHL patients [95]. The phase II study by Herrera et al. [96] showed similar results,
with ORR between 66.2% and 78.4% among different subgroups of patients. A phase II trial
enrolling 117 multi-refractory cHL patients previously exposed to both BV and anti-PD-1
confirmed the encouraging efficacy of cami-T in this challenging setting. The ORR was
70.1%, with 33.3% of CR and a median DOR of 13.7 months for all responders [97]. While
cami-T showed a moderate incidence of both hematological and non-hematological adverse
events with anemia, pyrexia, skin reactions and isolated gamma-glutamyl transferase ele-
vation being the most common [95,98], concern has grown about its autoimmune toxicities,
possibly caused by the depletion of CD25-positive Tregs. Indeed, in the phase II trial, Carlo-
Stella et al. reported eight cases (6.8%) of Guillain–Barré syndrome/polyradiculopathy,
half of them without recovery at data cutoff [97].

Besides the antitumor activity of cami-T employed as a single agent, preclinical in vitro
and in vivo studies showed interesting synergistic activity in combination with gemc-
itabine [99].

5.2. Other Immune Checkpoint Pathways and Novel Checkpoint Inhibitors

Several IC pathways have been studied besides PD-1/PD-1L, with the aim of develop-
ing new drugs to determine better immune activity against HRS cells (Figure 2).
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5.2.1. TIGIT Blockade

Among immune checkpoints, TIGIT (T-cell immunoreceptor with immunoglobulin
and immunoreceptor tyrosine-based inhibitory motif domains) is an inhibitor receptor
present on immune cells, including T and NK cells, that is activated by different ligands
that can be expressed by neoplastic cells such as CD155 and CD112. TIGIT can be targeted
by selective compounds such as the anti-TIGIT humanized mAb vibostolimab, resulting in
effective antitumor responses against both solid tumors and hematological neoplasms [100].
Anti-TIGIT and anti-PD-1 drugs have shown in vitro and in vivo synergic action [101]. A
phase II study aimed to evaluate the safety and efficacy of the combination pembrolizumab–
vibostolimab in patients with cHL, NHLs and multiple myeloma is ongoing [102].

5.2.2. LAG-3 Targeting

Lymphocyte-activation gene 3 (LAG-3) regulates T cell function and has a major
function in many tumors, including cHL. LAG-3 is heavily expressed in exhausted T cells,
especially in the context of persistent antigenic stimulation [103]. In vitro studies showed
the synergistic activity of LAG-3 and PD-1 in suppressing the immune response against
neoplastic cells [104].

Favezelimab is an anti-LAG-3 mAb that is currently being tested in combination with
pembrolizumab in R/R cHL and other hematological malignancies [105,106]. Johnson
et al. [106] showed that the combination of favezelimab and pembrolizumab administered
to anti-PD-1-naïve patients granted an ORR and a CR rate of 80% and 33%, respectively, with
a median PFS of 19.4 months and a 2-year OS of 93%. The toxicity profile was manageable,
with the most common AEs consisting of hypothyroidism, infusion-related reactions,
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fatigue and nausea. Results of the phase I study by Timmerman et al. [105], conducted on
34 anti-PD-1 refractory patients, were recently updated: an ORR of 29% and a CR rate of
9% were reported, showing a sizeable efficacy of the combined therapy even in patients
previously exposed to anti-PD-1 drugs. A phase III study from Lavie et al. [107], which
aims to compare the combination of favezelimab and pembrolizumab vs. chemotherapy in
a similar population of anti-PD-1 pretreated patients, is ongoing.

5.2.3. CD47 Blockade

The CD47-SIRPα pathway is a “do not eat me” signal expressed by several cancers, in-
cluding cHL, which leads to the avoidance of phagocytosis through interaction with Signal-
Regulatory Protein alpha (SIRPα) expressed on TAMs and other phagocytes [108–110]. In
cHL, CD47 intensity of expression is variable, and higher levels of CD47 expression corre-
late with inferior outcomes [111,112]. Hu5F9-G4 (magrolimab), a novel humanized IgG4
anti-CD47 mAb, has shown moderate efficacy in the treatment of acute myeloid leukemia
and myelodysplastic syndromes in combination with azacitidine and in the treatment of
NHLs in combination with rituximab [113–115]. Based on these data and on the key role of
the “Hodgkinian” TME in the pathogenesis and immune escape of cHL, an ongoing phase
II trial is evaluating the combination of pembrolizumab plus magrolimab in patients with
R/R cHL after ≥2 lines of therapy (NCT04788043).

5.3. NK Targeting and Activation: CD30 × CD16 Bispecific Antibodies

AFM13 is a tetravalent bispecific antibody (bsAb) that binds CD30 and CD16A—an
isoform of CD16 mainly expressed on NK cells and macrophages—with high affinity
and specificity [116,117]. Through this, CD16 and CD30 double-binding AFM13 showed
consistent antitumor activity, provoking directed polyfunctional activation of mature NK
cells against CD30-expressing neoplastic cells [116,118]. AFM13 infusion results in a
transient dose-independent decrease in circulating NK cells and a relative increase in
activated NK cells [119]. Moreover, AFM13 binding not only activates NK cells but enhances
their cytotoxic effect on neoplastic cells as well as their sensibility to activating cytokines
such as IL2 and IL15 [117]. While both immature and mature NK cells are activated by
AFM13, NK cell responses are quite heterogeneous depending on the recruited NK cell
population: there is evidence that NK cells of heavily pretreated patients show lower
cytotoxic activity compared to those of healthy subjects [116].

As a single agent, AFM13 revealed a favorable toxicity profile but scant antitumor
activity. Rothe et al. [119] conducted a phase I study on 28 heavily pretreated cHL patients,
showing low rates of G ≥ 3 AEs (9.2%), the most common being pyrexia, chills, headache
and a single dose-limiting toxicity event characterized by hemolytic anemia. However, ORR
was 11.5%, although no CR was observed. Similar results were seen in a multicenter phase
II trial by Sasse et al. [120], which achieved an ORR of 16.7% and only two serious AEs.

Bartlett et al. [121] combined AFM13 and pembrolizumab in R/R cHL, greatly in-
creasing efficacy: an ORR of 83% has been achieved, with 37% of patients obtaining a CR.
The mean DOR was 9.9 months. Moreover, this trial showed that also patients previously
treated with BV could achieve a response with AFM13. Indeed, there is evidence that BV
does not diminish CD30 expression in refractory patients [121,122].

AFM13 has also been tested in combination with different cell products with promising
results [118,123]. In the combination of AFM13 with pre-activated and expanded cord-
blood-derived NK cells in patients with double-refractory cHL, the toxicity profile was
manageable with high response rates (ORR 92.8%, CR 66.7%) and median event-free
survival (EFS) and OS of 8 months and not reached, respectively, after a median follow-up
of 14 months [124].

Of note, AFM13 efficacy could be limited by the development of anti-drug anti-
bodies, which have been detected in 53% of patients enrolled in the phase I study by
Rothe et al. [119].
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6. Epigenetic Modulation

Disruption of normal epigenetic regulation of gene expression is a hallmark of cancer
and contributes to human tumor development and progression. As epigenetic changes are
reversible, they represent a potential target for cancer therapy [125].

6.1. DNA Methyltransferase Inhibition

DNA methylation by DNA methyltransferase enzymes (DNMT) typically represses
gene transcription. Thus, DNA hypermethylation may reduce the expression of key tumor
suppressor genes in human cancers, and tumor cells in cHL have been found to be charac-
terized by a high number of hypermethylated genes [125,126]. DNMT inhibitors (DNMTi)
such as azacitidine and decitabine could reverse this aberrant epigenetic regulation and
have already been shown to be effective on myelodysplastic syndromes and acute myeloid
leukemia [127,128]. In a case report, the use of azacitidine in a patient concurrently affected
by cHL and a therapy-related myelodysplastic syndrome showed a reduction in both cHL
tumor burden and metabolic activity [129].

Moreover, it is thought that DNMTi could upregulate immune signaling, priming the
immune system and thus enhancing the efficacy of concomitant or subsequent therapy with
immune checkpoint inhibitors [130,131]. In a phase II trial enrolling 61 R/R cHL patients,
those who received the anti-PD-1 camrelizumab plus decitabine had higher rates of CR and
better PFS in respect of those who received camrelizumab alone (CR 79% vs. 32%; median
PFS 35 months vs. 15.5 months, respectively) [132]. Other preliminary data suggest that
hypomethylating agents could restore cancer sensitivity to immune checkpoint inhibitors:
19 patients with cHL refractory to pembrolizumab and/or nivolumab were treated with
CC-486 (an oral hypomethylating agent) and nivolumab. ORR was 63%, with a 10% CR
rate and an estimated median PFS of 11.3 months [133].

6.2. Histone Deacetylase Inhibition

Epigenetic modification of histone proteins controls chromatin structure and, thus,
gene expression. Histone deacetylases (HDACs) are enzymes that negatively regulate gene
expression by removing acetyl groups from histones, causing chromatin condensation [125].
In cHL, overexpression of some specific isoforms of HDACs appears to correlate with
shorter survival [134]. HDAC inhibitors (HDACi) have thus been tested as monotherapy
or combined with other drugs in early-phase clinical trials with evidence of potential
therapeutic efficacy in heavily pretreated patients with cHL. In a large trial involving
129 patients, the pan-HDACi panobinostat administered three times per week at the dose of
40 mg showed an ORR of 27%, with a median DOR of 6.9 months. Of interest, five patients
achieved a CR, with a DOR of up to 15 months. Most common grade ≥ 3 AEs were related
to hematological toxicity, with thrombocytopenia occurring in up to 79% of patients [135].
The HDACi vorinostat demonstrated disappointing efficacy when tested as monotherapy
on R/R cHL patients [136]. Nevertheless, its combination with mTOR inhibitors such as
everolimus or sirolimus showed promising results in a cohort of 40 patients, with an ORR
of 45%. The median PFS of the whole cohort was less than 6 months. However, 2 of the
6 patients treated with vorinostat and sirolimus who achieved a CR remained on treatment
for more than 3 and a half years. Toxicities were manageable, with hematological toxicities
being the grade ≥ 3 AEs most commonly encountered [137].

Of interest, a phase II clinical trial combining two epigenetic modulating agents—the
HDACi tucidinostat and the DNMTi decitabine—and the immune checkpoint inhibitor
camrelizumab is currently recruiting in China (NCT04233294).

6.3. Other Epigenetic Modulating Agents

Histone methylation promoted by histone methyltransferase EZH2 results in the
silencing of genes associated with cell differentiation. Recurrent gain of function mutations
of this gene has been found in many kinds of cancer, including cHL [126,138]. A phase I
trial tested the EZH2 inhibitor SHR2554 on patients with R/R mature lymphoid neoplasms,
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including B-NHLs, T-NHLs and cHL, showing a favorable toxicity profile and promising
treatment efficacy (ORR 46%) with a response achieved in 4 out of 21 patients with cHL
(19%) [139].

7. JAK/STAT Blockade

The JAK/STAT signaling pathway, which plays a key role in promoting physiological
cell proliferation and survival, has been shown to be commonly dysregulated in cHL [140].
In an analysis of biopsy samples from 30 patients with cHL, Tiacci et al. [141] showed
that 87% of cases carried genetic alterations in multiple genes involved in the JAK/STAT
pathway. Different mechanisms have been observed, including JAK2 overexpression
secondary to 9p24.1 genomic amplification, mutations in other genes of the pathway, such
as JAK1, STAT3, STAT5B or STAT6, or inactivating mutations in negative regulators, such as
SOCS-1 [141,142]. Moreover, in vitro experiments suggest that pharmacological blockade
of the JAK/STAT pathway has a direct cytotoxic effect on malignant cells and helps in
regulating the pro-inflammatory TME [143].

The afore-mentioned observations led the way to human clinical trials. Ruxolitinib,
a selective inhibitor of JAK1 and JAK2, which is already approved for the treatment of
myeloproliferative neoplasms, has been the most widely employed molecule against cHL,
showing good tolerability but overall modest efficacy. Kim et al. [144] described the effect
of the administration of ruxolitinib 20 mg twice daily to 13 patients with R/R cHL: the
disease control rate was 54%, and the median DOR was 5.6 months. One patient achieved
a CR, which was maintained for 15 28-day cycles. Grade 3 AEs were restricted to anemia
and neutropenia, affecting a total of three patients, all of whom recovered without the need
for dose reduction. Of the 33 patients with R/R cHL receiving ruxolitinib in the phase II
trial conducted by Van Den Neste et al. [145], only 6 (18.8%) achieved a response, with a
median DOR of 7.7 months and a median PFS of 3.5 months. Gillessen et al. [146] reported
the results of a phase II trial with ruxolitinib administered at the dose of 25 mg twice daily
in patients with R/R cHL after at least two lines of therapy. ORR after two 28-day cycles
was 16.7%, with a median PFS of 3.6 months and an estimated 1-year OS of 50.6%. The trial
was stopped early due to the low response rate observed.

While the inhibition of the JAK/STAT pathway alone seems to lead to transient
responses only, the good tolerability profile of ruxolitinib monotherapy led the way to
the investigation of combination therapies. Bachanova et al. [147] reported the results of
the combination of ruxolitinib plus nivolumab tested in 19 patients with R/R cHL who
had already failed prior therapy with another PD-1 checkpoint inhibitor. At a median
follow-up of 13 months, the ORR was 75%, and the 1-year PFS was 64%. The capability of
ruxolitinib to reshape the TME and reduce the production of immunosuppressive cytokines
may explain the promising efficacy of the combination, even in patients who already failed
a treatment with anti-PD-1 [143].

The association of itacitinib, a selective JAK1 inhibitor, with everolimus has also
been studied. In 14 heavily pre-treated cHL patients who had no other treatment options
available, the ORR was 79%, and at a median follow-up of 6.8 months, the median PFS was
estimated to be 3.8 months [148].

8. Chimeric Antigen Receptor T-Cell Therapy

In the last decade, anti-CD19 CAR T-cells have revolutionized the therapeutic paradigm
of many B-NHLs and B-cell acute lymphoblastic leukemia. Autologous lymphocytes are
collected and engineered with the transduction of a CAR by a replicant-incompetent viral
vector and are then reinfused to the patient, causing the killing of tumor cells through T-cell
recognition of a specific antigen [149].

CAR T-cell constructs targeting the CD30 antigen have been tested in cHL in phase I
and phase II trials revealing to be effective and safe, with low incidence of the typical CAR T-
cells-related toxicities cytokine release syndrome (CRS) and immune-effector cell-associated
neurotoxicity syndrome (ICANS) (Figure 2) [150].
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In the first published phase I trial of an anti-CD30 CAR T-cell product, 17 patients
with R/R cHL and one patient with anaplastic large cell lymphoma were treated, showing
39% of ORR and a median PFS of 6 months [151]. In a phase I/II trial published by
Ramos et al. [152], 41 patients with heavily pre-treated cHL (median of 7 prior lines of
therapy including BV, an anti-PD-1 mAb and ASCT or allo-SCT) received an anti-CD30
CAR T-cell product: the ORR of the whole cohort was 62% with a 1-year PFS of 36%.
Among the 32 patients who received a fludarabine-based lymphodepletion before CAR
T-cells infusion, ORR was 72%, with 91 patients (59%) achieving a CR; the 1-year PFS
and OS of this subgroup resulted in 61% and 94%, respectively. Of note, no neurologic
toxicity was observed, and all instances of CRS were low-grade. These favorable results
were confirmed in a phase II study on 15 multi-refractory cHL patients in which anti-CD30
CAR T-cell infusion resulted in an ORR of 73.3% with a CR rate of 60% and very low
rates of acute toxicities. Seven patients received a second infusion, which induced further
responses: all five evaluable patients achieved a response [153].

Despite high response rates, disease progression after anti-CD30 CAR T-cells is fre-
quent, and treatment failures have been mainly correlated to a high value of metabolic tu-
mor volume by PET scan performed before CAR T-cell infusion [154]. In patients relapsing
after CAR T-cell treatment, PD-1 inhibitors could be of some effect in re-inducing a response,
even in patients previously exposed or progressed under these drugs. Voorhees et al. [155]
described the outcomes of 10 patients treated with PD-1 inhibitors after anti-CD30 CAR
T-cell treatment failure. Of note, 7 out of 10 had prior anti-PD-1 exposure. All 10 patients
had an objective response, with 7 achieving a CR. With a median follow-up of 3.6 years,
median PFS was not reached, and most patients remained in ongoing response. Expansion
and/or persistence of circulating CAR T-cells following anti-PD-1 therapy was observed
in the blood samples of all three patients with longitudinal blood samples available. An
upfront combination of CAR T-cells with checkpoint inhibitors could be an intriguing
strategy to explore. In a small trial, 10 patients with R/R cHL were infused with expanded
ex-vivo autologous or allogenic T-cells recognizing tumor-associated antigens: concomi-
tant nivolumab administration was associated with increased persistence of these T-cell
populations, suggesting a benefit of the combination [156].

Despite HRS cells’ lack of CD19 expression, it has been hypothesized that also anti-
CD19 CAR T-cells could have a certain antitumor activity in cHL due to targeting of the
non-malignant B-cells included in the TME and of the CD19-positive clonotypic B-cells
thought to be responsible for the continued generation of HRS cells [157,158]. A small pilot
study appeared to confirm the hypothesis: among four heavily pretreated patients with
cHL infused with a non-viral RNA anti-CD19 CAR T-cell construct, one achieved a CR and
another a PR [159]. These observations could lead the way to the development of CAR
T-cell therapies targeting multiple antigens at once in cHL.

Currently ongoing trials testing CAR T-cell products and other novel agents in adult
patients with R/R cHL are summarized in Table 2.

Table 2. Currently ongoing trials including novel agents in adult patients with R/R cHL.

Title Identifier Phase Regimen Mechanism of Action

A Study of Coformulated
Favezelimab/Pembrolizumab

(MK-4280A) Versus Physician’s
Choice Chemotherapy in

PD-(L)1-refractory, Relapsed or
Refractory Classical Hodgkin
Lymphoma (MK-4280A-008)

NCT05508867 Phase III
Favezelimab +

Pembrolizumab vs.
Physician’s choice

Anti-LAG-3 + anti-PD1
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Table 2. Cont.

Title Identifier Phase Regimen Mechanism of Action

Study to Evaluate the Safety and
Efficacy of a Combination of
Favezelimab (MK-4280) and

Pembrolizumab (MK-3475) in
Participants With Hematologic
Malignancies (MK-4280-003)

NCT03598608 Phase I–II Favezelimab +
Pembrolizumab Anti-LAG-3 + anti-PD1

Phase 2 Study of AFM13 in
Combination With AB-101 in
Subjects With R/R HL and

CD30+ PTCL

NCT05883449 Phase II AFM13 + AB101 CD30xCD16a bsAbs

Modified Immune Cells
(AFM13-NK) and A Monoclonal
Antibody (AFM13) in Treating

Patients With Recurrent or
Refractory CD30 Positive Hodgkin

or Non-Hodgkin Lymphomas

NCT04074746 Phase I–II AFM13-NK Cord blood natural
killer cells + AFM13

A Study of
Pembrolizumab/Vibostolimab

(MK-7684A) in Relapsed/Refractory
Hematological Malignancies

(MK-7684A-004, KEYVIBE-004)

NCT05005442 Phase II Vibostolimab +
Pembrolizumab Anti-TIGIT + anti-PD1

Nivolumab With Ruxolitinib in
Relapsed or Refractory Classical

Hodgkin Lymphoma
NCT03681561 Phase I–II Ruxolitinib + Nivolumab JAK inhibitor +

anti-PD1

A Study to Evaluate the Efficacy and
Safety of a Sintilimab Plus ICE

Regimen Versus ICE Regimen in
Classic Hodgkin’s Lymphoma

Patients (cHL) Who Have Failed
First-line Standard Chemotherapy

NCT04044222 Phase III Sintilimab + ICE vs. ICE Anti-PD1 +
Chemotherapy

Tislelizumab in Participants With
Relapsed or Refractory Classical

Hodgkin Lymphoma
NCT04318080 Phase II Tislelizumab Anti-PD1

Tislelizumab, Gemcitabine and
Cisplatin for R/R Hodgkin

Lymphoma Followed by
Tislelizumab Consolidation in

Patients in Metabolic
Complete Remission

NCT05502250 Phase II Tislelizumab +
Gemcitabine + Cisplatin

Anti-PD1 +
Chemotherapy

Tislelizumab Monotherapy Versus
Salvage Chemotherapy for

Relapsed/Refractory Classical
Hodgkin Lymphoma

NCT04486391 Phase III Tislelizumab vs.
chemotherapy Anti-PD1

PD-1 Inhibitor Combined With
Decitabine Followed by ASCT as

Second-line Therapy for Relapsed or
Refractory Classic

Hodgkin’s Lymphoma

NCT05137886 Phase II Anti-PD1 + Azacitidine
followed by ASCT

Anti-PD1 +
hypomethylating agent

Study of Magrolimab and
Pembrolizumab in Relapsed or

Refractory Classic
Hodgkin Lymphoma

NCT04788043 Phase II Magrolimab +
Pembrolizumab Anti-CD47 + anti PD1
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Table 2. Cont.

Title Identifier Phase Regimen Mechanism of Action

CC-486 and Nivolumab for the
Treatment of Hodgkin Lymphoma

Refractory to PD-1 Therapy
or Relapsed

NCT05162976 Phase I CC-486 (oral azacitidine)
+ Nivolumab

hypomethylating agent
+ anti-PD1

SHR1701 Alone or in Combination
With SHR2554 in Relapsed or

Refractory Classical
Hodgkin Lymphoma

NCT05896046 Phase I–II SHR1701 or
SHR2554 + SHR1701

Anti-PDL1 with or
without EZH2 inhibitor

Pembrolizumab and Vorinostat in
Patients With Relapsed or Refractory

DLBCL, FCL or HL.
NCT03150329 Phase I Pembrolizumab +

Vorinostat HDACi + anti-PD1

Addition of Chidamide to the
Combination Treatment of

Decitabine Plus Camrelizumab in
Combination Treatment

Resistant/Relapsed Patients With
Classical Hodgkin Lymphoma

NCT04233294 Phase II
Tucidinostat +
Azacitidine +

Camrelizumab

HDACi +
hypometilating agent +

anti-PD1

The Clinical Trial of Chidamide
+Decitabine +Camrelizumab Versus

Decitabine+Camrelizumab in
Anti-PD-1 Antibody Resistant

Patients With Classical
Hodgkin Lymphoma.

NCT04514081 Phase II

Tucidinostat +
Azacitidine +

Camrelizumab vs.
Azacitidine +

Camrelizumab

HDACi +
hypometilating agent +

anti-PD1

A Phase II Study of the Combination
of Azacitidine and Pembrolizumab
for Patients Relapsed/Refractory

Hodgkin’s Lymphoma

NCT05355051 Phase II Azacitidine +
Pembrolizumab

Hypometilating agent +
anti-PD1

Azacitidine Plus PD-1 Therapy for
R/R Hodgkin Lymphoma NCT06190067 Phase II Azacitidine + anti PD1 Hypometilating agent +

anti-PD1

SHR-1210 Alone or in Combination
With Decitabine in Relapsed or
Refractory Hodgkin Lymphoma

NCT03250962 Phase II SHR-1210 + Decitabine Hypometilating agent +
anti-PD1

Camrelizumab Plus Decitabine in
Anti-PD-1 Treatment-nïive Patients
With Relapsed/Refractory Classical

Hodgkin Lymphoma

NCT04510610 Phase II–III Camrelizumab +
Decitabine

Hypometilating agent +
anti-PD1

PD-1 Inhibitor Combined With
Decitabine Followed by ASCT as

Second-line Therapy for Relapsed or
Refractory Classic

Hodgkin’s Lymphoma

NCT05137886 Phase II Anti PD1 + Decitabine +
ASCT

Hypometilating agent +
anti-PD1

Itacitinib + Everolimus in
Hodgkin Lymphoma NCT03697408 Phase I–II Itacitinib + Everolimus JAK1 inhibitor + mTOR

inhibitor

CD30 CAR T Cells, Relapsed CD30
Expressing Lymphoma (RELY-30) NCT02917083 Phase I CAR T-cells CD30 CAR T-cells

A Multicenter Clinical Study on the
Safety and Effectiveness of CAR-T in

the Treatment of
Relapsed/Refractory

Hodgkin’s Lymphoma

NCT04665063 Not
applicable CAR T-cells CD30 CAR T-cells
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Table 2. Cont.

Title Identifier Phase Regimen Mechanism of Action

Phase 2 Study Evaluating
Autologous CD30.CAR-T Cells in

Patients With Relapsed/Refractory
Hodgkin Lymphoma (CHARIOT)

NCT04268706 Phase II CAR T cells CD30 CAR T-cells

Autologous CD30.CAR-T in
Combination With Nivolumab in

cHL Patients After Failure of
Frontline Therapy

NCT05352828 Phase I CAR T-cells + Nivolumab CD30 CAR T-cells +
anti-PD1

Allogeneic CD30.CAR-EBVSTs in
Patients With Relapsed or Refractory

CD30-Positive Lymphomas
NCT04288726 Phase I CAR T-cells

Allogeneic CD30
EBV-specific CAR

T-cells

Allogeneic CD30 Chimeric Antigen
Receptor Epstein-Barr Virus-Specific

T Lymphocytes in Relapsed or
Refractory

CD30-Positive Lymphomas

NCT04952584 Phase I CAR T-cells
Allogeneic CD30
EBV-specific CAR

T-cells

Study of PD-1 Inhibitors After
CD30.CAR T Cell Therapy in

Relapsed/Refractory
Hodgkin Lymphoma

NCT04134325 Early Phase I Anti-PD1 Anti-PD1 after CD30
CAR T-cells

Constitutive IL7R (C7R) Modified
Banked Allogeneic CD30.CAR

EBVSTs for
CD30-Positive Lymphomas

NCT06176690 Phase I CAR T-cells
Allogeneic CD30
EBV-specific CAR

T-cells

CD30 Targeted CAR-T in Treating
CD30-Expressing Lymphomas NCT03383965 Phase I CAR T-cells CD30 CAR T-cells

CD30-directed Chimeric Antigen
Receptor T (CART30) Therapy in
Relapsed and Refractory CD30

Positive Lymphomas

NCT02259556 Phase I–II CAR T-cells CD30 CAR T-cells

Study of CD30 CAR for
Relapsed/Refractory CD30+ HL and

CD30+ NHL
NCT02690545 Phase I–II CAR T-cells CD30 CAR T-cells

Administration of T Lymphocytes
for Prevention of Relapse

of Lymphomas
NCT02663297 Phase I CAR T-cells CD30 CAR T-cells

ATLCAR.CD30.CCR4 for CD30+ HL
ATLCAR.CD30.CCR4 Cells NCT06090864 Phase I–II CAR T-cells CD30 and CCR4 CAR

T-cells

Study of CAR-T Cells Expressing
CD30 and CCR4 for r/r CD30+ HL

and CTCL
NCT03602157 Phase I CAR T-cells CD30 and CCR4 CAR

T-cells

ASCT (Autologous Stem Cell Transplant), CAR (Chimeric Antigen Receptor), EBV (Epstein Barr Virus), EBVSTs
(EBV-specific T cells), HDACi (Hystone Deacetylases inhibitor), ICE (Ifosfamide, Carboplatin, Etoposide), NK
(Natural Killer), PD1 (Programmed Death receptor 1), PDL1 (Programmed Death ligand 1).

9. Conclusions

Despite cHL being a highly curable disease, the treatment approach for R/R patients
results in challenges for physicians. However, in the last decades, the increasing under-
standing of cHL biology and its mechanisms of treatment resistance led to relevant steps
forward in curacy rates of the disease, with the development of many new treatment options.

The introduction of BV and PD-1 checkpoint inhibitors represented a treatment
paradigm shift for R/R cHL. More recently, the BV-AVD combined modality became the
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new frontline standard of care for advanced-stage cHL patients, and upcoming final results
from the BrECADD scheme and the upfront adoption of nivolumab in the N-AVD regimen
will probably further improve the therapeutic landscape for treatment-naïve patients. Anti-
CD30 CAR T-cells represent maybe the most promising strategy for multirefractory patients
although their efficacy is still short-lasting, and a number of studies aimed to improve the
T-cell antitumor performance and overcome this limitation are ongoing. Several novel com-
pounds are under investigation aimed to enhance the antitumor immune-activity through
T-cell and NK-cell modulation, such as new checkpoint inhibitors, the CD16xCD30—NK-
engaging bispecific antibody AFM13 and the anti-CD25 ADC Cami-T, revealing promising
efficacy in the R/R cHL setting. Lastly, targeting epigenetic modifications in R/R cHL
could be a valuable therapeutic strategy, and the immunomodulating effects of epigenetic
modulators hold the basis for combination therapies with high efficacy.

All the ongoing studies on novel drugs, together with the expanding knowledge of
the biological complexity of cHL, will hopefully improve the curability of this disease in
the future.
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