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ABSTRACT: Checkpoint inhibitors, particularly programmed cell death-1/programmed death-ligand 1 (PD-1/PD-
L1) inhibitors, have significantly advanced the treatment of Hodgkin lymphoma (HL), especially in relapsed or
refractory cases. However, challenges such as resistance, immune-related adverse events (irAEs), and the need for
effective patient selection remain. This review aims to explore the mechanisms of resistance to checkpoint inhibitors,
including alterations in the tumor microenvironment, loss of antigen presentation, and T-cell exhaustion. Overcoming
resistance may involve combination therapies, such as pairing PD-1 inhibitors with other immune checkpoint inhibitors
or targeted therapies like Brentuximab vedotin. Additionally, next-generation inhibitors targeting molecules like
lymphocyte-activation gene 3 (LAG-3) and T-cell immunoglobulin and mucin-domain containing-3 (TIM-3) show
promise in addressing resistance mechanisms not overcome by PD-1 inhibitors. Identifying reliable biomarkers to
predict response to checkpoint inhibitors is critical for optimizing treatment, with ongoing research focusing on
tumor mutational burden (TMB), inflammatory markers, and genetic profiling. Future clinical trials will aim to refine
treatment regimens, optimize therapeutic combinations, and minimize adverse effects to maximize patient benefit.
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1 Introduction
Hodgkin lymphoma (HL) is a type of lymphatic cancer that, while treatable, can be challenging to

manage, particularly in cases of relapse or refractory disease [1]. Traditional therapies, including chemother-
apy and radiation, have long been the cornerstone of HL treatment. The ABVD regimen (adriamycin,
bleomycin, vinblastine, and dacarbazine) remains the standard first-line therapy for patients with classical
HL, demonstrating efficacy in the majority of cases. However, the response to treatment can vary, and
certain patients fail to achieve a complete response or experience relapse. Recent studies have focused on
understanding the tumor microenvironment (TME) in HL, which plays a significant role in therapy resis-
tance [1,2]. However, patients with relapsed or refractory disease often face limited therapeutic options and
poor prognosis [3–5]. Brentuximab vedotin has shown significant efficacy in relapsed/refractory Hodgkin
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lymphoma, both as a bridge to allogeneic stem cell transplantation in chemorefractory patients and in real-
world settings, demonstrating consistent clinical benefit and tolerability [6,7]. In recent years, the advent
of immune checkpoint inhibitors, such as programmed cell death-1 (PD-1) and programmed death-ligand
1 (PD-L1) inhibitors, has brought new hope to these patients by leveraging the body’s immune system to
fight cancer.

Checkpoint inhibitors, including pembrolizumab and nivolumab, have demonstrated remarkable effi-
cacy in treating relapsed or refractory HL, showing higher response rates and durable remissions compared
to conventional therapies [3,8]. These agents work by blocking the inhibitory signals that cancer cells use to
evade the immune system, allowing immune cells, particularly T cells, to target and eliminate tumor cells [9].

Despite their promising results, the use of checkpoint inhibitors in HL presents several challenges,
including the development of resistance, immune-related adverse events (irAEs), and the need for opti-
mal patient selection. Additionally, researchers are exploring combination strategies, pairing checkpoint
inhibitors with other therapies such as chemotherapy, targeted agents, and other immune modulators to
enhance treatment outcomes and overcome resistance mechanisms [10].

This review aims to explore the current landscape of checkpoint inhibitor therapy in HL, focusing
on its mechanisms, clinical efficacy, challenges, and future directions for improving patient outcomes. By
delving into ongoing research and therapeutic advancements [11], this article will highlight the potential
of checkpoint inhibitors to revolutionize HL treatment, offering new hope for patients with otherwise
difficult-to-treat disease.

2 Mechanism of Action of Immune Checkpoint Inhibitors
Immune checkpoints, including PD-1 (Programmed Cell Death-1) and CTLA-4 (Cytotoxic

T-Lymphocyte Antigen 4), are essential regulators of the immune system (Fig. 1).

Figure 1: Mechanism of immunologic escape and action of immune checkpoint inhibitors

This schematic illustrates how tumors evade immune surveillance and how checkpoint inhibitors restore
antitumor immunity.

• (A) PD-1 on T cells binds PD-L1 on tumor cells, inhibiting T-cell activity.
• (B) CTLA-4 on T cells competes with CD28 for B7 on antigen-presenting cells, further reducing

T-cell activation.
• (C) Checkpoint blockade with anti-PD-1/PD-L1 or anti-CTLA-4 antibodies disrupts these inhibitory

signals, restoring T-cell effector function.
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These checkpoints function as “brakes” to maintain immune balance and prevent autoimmunity by
ensuring that the immune response does not attack healthy, normal tissues. They regulate the activation
and function of T cells, which play a crucial role in detecting and eliminating abnormal cells, such as those
infected by viruses or transformed into cancer cells.

This diagram (Fig. 2) illustrates the inhibition of immune checkpoint signaling through anti-PD-
1 antibodies.

Figure 2: Mechanism of action of pembrolizumab and nivolumab

• (A) T cells express PD-1, an inhibitory receptor.
• (B) Tumor cells express PD-L1, which binds PD-1 and suppresses T-cell activation.
• (C) Pembrolizumab and Nivolumab are monoclonal antibodies that block PD-1, preventing its interac-

tion with PD-L1. This restores T-cell function and promotes immune-mediated tumor cell killing.
This diagram (Fig. 3) illustrates the immune checkpoint pathway involving CTLA-4.

Figure 3: CTLA-4–mediated regulation of T-cell activation

• (A) CTLA-4 is expressed on activated T cells and binds to B7 molecules (CD80/CD86) on antigen-
presenting cells.

• (B) B7 molecules (CD80/CD86) on antigen-presenting cells (APCs), outcompeting the costimulatory
receptor CD28.

• (C) This binding inhibits T-cell activation and reduces immune response intensity, contributing to
immune homeostasis and tumor immune escape.
However, tumors, including those in HL, can exploit these checkpoint pathways to avoid immune

detection and destruction. By activating immune checkpoints, cancer cells inhibit T-cell activity and establish
an immune-tolerant microenvironment, enabling the tumor to grow and spread unchecked by the immune
system [12].
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In HL, the hallmark Reed-Sternberg cells express high levels of PD-L1 (Programmed Death Ligand-1) on
their surface. When PD-L1 binds to its receptor, PD-1, on T cells, it sends inhibitory signals that reduce T-cell
activation, impairing their ability to mount an effective immune response. This interaction essentially “shuts
down” the immune system’s attack on the tumor, allowing the cancerous cells to evade immune surveillance.
The PD-1/PD-L1 pathway plays a central role in regulating immune responses by preventing autoimmune
diseases under normal conditions, ensuring that immune cells do not attack healthy tissues. However, in
cancer, including HL, tumor cells exploit this mechanism to escape immune detection. By expressing PD-L1,
tumor cells bind to PD-1 receptors on T cells, “turning off ” the immune response and allowing the tumor to
grow unchallenged.

Immune checkpoint inhibitors (ICIs) work by blocking the interaction between PD-1 and PD-L1,
preventing the immune suppression that tumors rely on to escape detection. By inhibiting this pathway, ICIs
“release the brakes” on the immune system, restoring T-cell function and enabling them to recognize and
destroy cancer cells more efficiently. This mechanism has demonstrated great potential in treating cancers
like HL, where immune evasion by tumor cells is a major challenge [13–15].

The development of PD-1 and PD-L1 inhibitors has transformed cancer immunotherapy by blocking this
immune checkpoint pathway and restoring the immune system’s ability to recognize and destroy cancer cells
(Fig. 2). Checkpoint inhibitors such as ipilimumab block CTLA-4, enhancing T-cell activity against cancer
(Fig. 3).

In HL, where Reed-Sternberg cells frequently express high levels of PD-L1, this inhibition has proven
especially effective. By blocking the PD-1/PD-L1 interaction, these inhibitors enhance T-cell function,
enabling T cells to effectively target and eliminate malignant cells [16,17].

Pembrolizumab and nivolumab, the two most widely used PD-1 inhibitors, have demonstrated substan-
tial clinical success in treating relapsed or refractory HL. These drugs have been approved for use in patients
who have not responded to traditional chemotherapy or first-line treatments. By reactivating T cells and
allowing them to destroy Reed-Sternberg cells, these inhibitors have shown promise in inducing durable
remissions and, in some cases, long-term survival, even in patients with previously poor prognoses [18,19].

3 New PD-1 Inhibitors
New PD-1 inhibitors, including tislelizumab and camrelizumab, are currently being tested in clinical

trials for the treatment of HL. Early results suggest that these agents may offer comparable or even superior
efficacy to pembrolizumab and nivolumab in HL patients. These therapies are being assessed for their ability
to improve progression-free survival (PFS) and overall survival (OS) while maintaining manageable safety
profiles [20].

3.1 Atezolizumab
Atezolizumab is a monoclonal antibody that targets PD-L1, a protein expressed on various tumor cells,

including those in HL. PD-L1 plays a critical role in immune evasion by binding to PD-1 receptors on
T cells, thereby suppressing the immune system’s ability to recognize and attack cancer cells. By blocking the
PD-L1/PD-1 interaction, atezolizumab enhances the immune response, enabling T cells to more effectively
target and eliminate malignant cells in HL. This immune checkpoint inhibition is particularly promising for
patients with relapsed or refractory HL, where conventional therapies like chemotherapy and radiation often
fail to provide durable results [21].

In early-phase clinical trials, atezolizumab has demonstrated durable responses in many patients
with relapsed or refractory HL, particularly those with limited treatment options after failing standard
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chemotherapy regimens. These findings highlight the need for effective alternatives. Data suggest that
atezolizumab could become a valuable treatment option for patients who do not respond to other checkpoint
inhibitors, offering expanded therapeutic options for those with advanced-stage disease or poor prognostic
factors [22].

Atezolizumab has shown significant potential in overcoming immune evasion mechanisms, particularly
by blocking PD-L1 on Reed-Sternberg cells. Studies indicate higher response rates and longer progression
free survival (PFS) in patients who have failed standard therapies, with some patients achieving sustained
remission even after treatment failure [23]. These promising results suggest that atezolizumab can rejuvenate
the immune system’s ability to combat cancer, even when other therapies have been ineffective [23].

Atezolizumab also demonstrates a favorable safety profile. The most common side effects include
mild to moderate fatigue, low-grade rashes, and mild gastrointestinal symptoms, all of which are generally
manageable. This makes atezolizumab an appealing option for patients with relapsed or refractory HL,
particularly those who have undergone multiple treatments and have limited tolerance for additional
therapies [24].

Looking ahead, atezolizumab is being studied not only as a monotherapy but also in combination
with chemotherapy and other immunotherapeutic agents to enhance its efficacy and overcome resistance
mechanisms. Early data from these combination studies suggest that pairing atezolizumab with other
treatments may improve clinical outcomes, potentially leading to more durable and robust responses in
patients with complex disease profiles [25].

3.2 Durvalumab
Durvalumab is another monoclonal antibody targeting PD-L1, which is expressed on tumor cells,

including those in HL, as well as on tumor-associated immune cells within the tumor microenvironment.
By blocking the PD-L1/PD-1 interaction, durvalumab reactivates T cells, enabling them to maintain their
anti-tumor activity and promote a stronger immune response against cancer cells [26].

Durvalumab is currently being investigated in clinical trials for its potential in treating relapsed
or refractory HL, particularly for patients who have not responded to conventional therapies such as
chemotherapy or other immune checkpoint inhibitors, including pembrolizumab and nivolumab. Early-
phase studies suggest that durvalumab could be a promising therapeutic option due to its ability to block
PD-L1 and overcome immune evasion mechanisms in HL tumors [27].

In clinical trials, durvalumab has demonstrated significant anti-tumor activity, with durable responses
observed in many patients with relapsed or refractory HL [28]. These responses include both complete and
partial remissions, with some patients experiencing extended periods of disease control. These results are
especially important, as traditional therapies often offer limited efficacy. Durvalumab has shown potential not
only as a monotherapy but also in combination with chemotherapy or other immune therapies. Combining
durvalumab with these treatments may enhance its efficacy and improve the likelihood of achieving long-
term responses [28].

A notable advantage of durvalumab is its favorable safety profile. Although immune checkpoint
inhibitors can cause irAEs, durvalumab has been well tolerated in most clinical trials. Common side
effects include mild to moderate fatigue, skin rashes, and infusion-related reactions, which are generally
manageable. This makes durvalumab an appealing option for HL patients who have undergone extensive
prior treatments and are particularly concerned about tolerability [29].

Durvalumab’s potential in HL treatment is further supported by ongoing combination studies. Research
is exploring the use of durvalumab in combination with traditional chemotherapy regimens, such as ABVD
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(Adriamycin, Bleomycin, Vinblastine, and Dacarbazine), as well as with other targeted therapies. Early-phase
trials suggest that combining durvalumab with chemotherapy may improve response rates and extend PFS in
patients with advanced HL, who typically have poorer prognoses. Additionally, durvalumab is being tested in
combination with other immune checkpoint inhibitors, such as those targeting CTLA-4, to enhance immune
activation and improve therapeutic outcomes [30].

Beyond HL, durvalumab has shown promising results in other cancers, such as non-small cell lung
cancer (NSCLC) and urothelial carcinoma, further highlighting its potential as a key player in cancer
immunotherapy [30]. Ongoing research into durvalumab’s clinical applications, especially in combination
with other therapies, is expected to provide more insights into its potential in HL treatment. If these studies
continue to show positive results, durvalumab may become an integral treatment option for relapsed or
refractory HL, offering a new pathway for patients who have exhausted other treatment options [31].

3.3 Comparison between Durvalumab and Atezolizumab
Durvalumab and atezolizumab are both monoclonal antibodies that target PD-L1, but they differ in

certain aspects of their mechanisms of action and clinical use. While both drugs block the PD-L1/PD-1
interaction to reactivate T cells and promote an anti-tumor immune response, there are subtle differences in
their binding affinity and the potential clinical implications [31].

Durvalumab is known to bind PD-L1 with high specificity on tumor cells and tumor-infiltrating immune
cells, potentially leading to a more robust immune response within the tumor microenvironment. This
characteristic may enhance its effectiveness in treating tumors with a high density of immune cells. On the
other hand, atezolizumab primarily targets PD-L1 expressed on tumor cells and can have a slightly different
effect on immune cells within the tumor microenvironment. These differences may influence the drugs’
ability to modulate immune responses in various cancer types, including Hodgkin lymphoma [32,33].

In clinical trials, both durvalumab and atezolizumab have demonstrated promising anti-tumor activity
in patients with relapsed or refractory Hodgkin lymphoma [31,33]. Atezolizumab has shown durable
responses, particularly in patients who have failed prior therapies, including other checkpoint inhibitors.
Durvalumab, on the other hand, has also demonstrated significant activity in encouraging clinical out-
comes in HL, including extended periods of disease control and high rates of both complete and partial
remissions [31,33].

One key difference between durvalumab and atezolizumab is their clinical use in various tumor types.
Durvalumab has demonstrated particular efficacy in cancers like NSCLC and urothelial carcinoma, with
clinical trials highlighting its role in enhancing progression-free survival in these settings. On the other hand,
atezolizumab has been studied extensively in lung cancer, triple-negative breast cancer, and certain types of
urothelial carcinoma, where it has shown a favorable clinical response. The differential efficacy observed in
certain cancer types may be related to the unique immune microenvironments and the expression profiles
of PD-L1 in these tumors [34].

Both drugs exhibit favorable safety profiles, with side effects like fatigue, rashes, and infusion reactions
being common but manageable. However, the clinical outcomes and tolerability may vary depending on
patient characteristics and disease status. Moreover, while both drugs share similar adverse event profiles,
with irAEs like pneumonitis and colitis being common, subtle differences in their pharmacokinetics and
potential side effects can also influence their clinical application [28].
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4 Inhibitors of Other Immune Checkpoints
While PD-1/PD-L1 inhibitors have shown significant success in treating HL, there is growing interest in

targeting additional immune checkpoints that play a crucial role in the immune system’s ability to identify
and combat tumors. Tumors, including HL, often exploit multiple immune checkpoint pathways to evade
immune surveillance and promote growth. By targeting these alternative checkpoints, researchers aim to
enhance the immune system’s capacity to eliminate tumor cells, improve patient outcomes, and overcome
resistance to PD-1/PD-L1 inhibitors [35].

Several immune checkpoint pathways are currently under investigation for their potential in HL
treatment, including CTLA-4, LAG-3, and TIM-3. These checkpoints regulate immune responses, and their
blockade could help overcome immune suppression within the tumor microenvironment [36].

In addition to PD-1 inhibitors, targeting other immune checkpoint pathways is becoming a major area
of research. Anti-CTLA-4 therapies, such as ipilimumab, have already proven effective in other cancers
and are being explored in combination with PD-1 inhibitors to boost the immune response in HL. By
simultaneously blocking both PD-1 and CTLA-4, these combination therapies aim to provide more robust
immune activation, potentially leading to higher response rates and more durable remissions [37].

Another promising approach involves targeting LAG-3 (Lymphocyte-Activation Gene 3) with
inhibitors. LAG-3 is an immune checkpoint receptor found on activated T cells and regulatory T cells. Similar
to PD-1 and CTLA-4, LAG-3 contributes to immune suppression in the tumor microenvironment. Clinical
trials are currently investigating whether combining LAG-3 inhibitors with PD-1 inhibitors or chemotherapy
can overcome immune resistance and further boost anti-tumor activity in HL [38,39].

Additionally, anti-TIM-3 (T-cell Immunoglobulin and Mucin-domain containing-3) inhibitors repre-
sent another potential treatment strategy. TIM-3 regulates immune responses, and blocking it could enhance
T-cell activity against HL cells, offering a novel treatment option for patients with refractory disease [40].

The development of bispecific antibodies, designed to target both tumor antigens and immune check-
point molecules simultaneously, is another area of intense research. These therapies may offer more precise
tumor targeting while overcoming immune evasion mechanisms, leading to more potent and specific
anti-cancer effects [41].

As clinical trials continue, the goal is to identify the most effective and well-tolerated treatments, either
as monotherapies or in combination with other immune-modulating agents. Expanding the range of immune
checkpoint inhibitors could provide personalized treatment options, maximizing the chances of success for
patients with Hodgkin lymphoma, particularly those with relapsed or refractory disease [42].

4.1 CTLA-4 Inhibitors
CTLA-4 (Cytotoxic T-Lymphocyte Antigen 4) is a critical immune checkpoint receptor that plays a

central role in regulating immune responses. It is expressed on activated T cells and functions to suppress
T-cell activity. CTLA-4 competes with the co-stimulatory receptor CD28 for binding to CD80/CD86 on
antigen-presenting cells (APCs). When CTLA-4 binds to these molecules, it sends inhibitory signals that
dampen the immune response. Inhibiting CTLA-4 enhances T-cell activation and promotes a stronger anti-
tumor immune response [43].

One of the most well-known CTLA-4 inhibitors is ipilimumab, a monoclonal antibody that blocks the
CTLA-4 receptor. Although primarily used in melanoma, ipilimumab is also being studied in combination
with PD-1 inhibitors for HL. Preclinical and early-phase clinical studies suggest that combining ipilimumab
with PD-1 inhibitors like nivolumab may improve therapeutic responses. The combination is based on the
idea that CTLA-4 inhibition enhances T-cell activation in lymph nodes, while PD-1 inhibition prevents
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T-cell exhaustion in the tumor microenvironment. Early clinical trials indicate that this combination may be
particularly effective for HL patients who have relapsed or are refractory to previous treatments [44,45].

Despite the promise of ipilimumab in combination with PD-1 inhibitors, it is associated with irAEs, such
as colitis, hepatitis, and dermatitis, which require careful management. Nevertheless, the synergy between
PD-1 and CTLA-4 blockade has generated significant interest in combining these agents to improve outcomes
in HL [46].

4.2 LAG-3 Inhibitors
LAG-3 is an immune checkpoint receptor that negatively regulates T-cell activity. It is expressed on T

cells, particularly exhausted T cells within the tumor microenvironment, and binds to its ligand, MHC class
II, commonly found on tumor cells and APCs. Similar to PD-1 and CTLA-4, the LAG-3/MHC II interaction
suppresses T-cell activation and immune responses, contributing to immune evasion by tumors [47].

In HL, LAG-3 is often upregulated on T cells infiltrating the tumor microenvironment, suggesting
that targeting LAG-3 could reinvigorate exhausted T cells and enhance anti-tumor immunity. Relatlimab,
a monoclonal antibody targeting LAG-3, is currently being studied in clinical trials both as a monotherapy
and in combination with nivolumab (PD-1 inhibitor). Early-phase studies have shown promising results,
with combination therapy offering improved outcomes compared to PD-1 inhibition alone. This approach
is believed to enhance T-cell function by blocking multiple inhibitory pathways, resulting in more robust
anti-tumor activity [48].

LAG-3 inhibitors may also help overcome resistance to PD-1 inhibitors, a significant challenge in HL and
other cancers. By targeting multiple immune checkpoints, LAG-3 inhibitors can reduce the tumor’s ability
to escape immune surveillance [49].

Relatlimab is a monoclonal antibody targeting LAG-3. LAG-3 plays a critical role in regulating T-cell
exhaustion, where T cells lose their ability to effectively respond to tumors after prolonged exposure to tumor
antigens. By targeting LAG-3, Relatlimab seeks to reinvigorate exhausted T cells and improve the immune
system’s ability to recognize and destroy cancer cells [50].

Relatlimab works by binding to LAG-3, blocking its interaction with MHC class II molecules. This
blockade prevents the inhibitory signals that suppress T-cell activity, restoring the function of exhausted
T cells and enhancing the immune response against the tumor. By inhibiting LAG-3, Relatlimab allows T
cells to continue recognizing and attacking cancer cells, boosting anti-tumor immune activity [51].

The goal of Relatlimab treatment is to address a major mechanism of immune suppression in the tumor
microenvironment. This strategy complements other immunotherapies, such as PD-1 inhibitors (nivolumab
and pembrolizumab). Combining Relatlimab with PD-1 inhibitors may address multiple layers of immune
suppression, improving therapy efficacy and overcoming resistance mechanisms [52].

4.3 TIM-3 Inhibitors
TIM-3 is another immune checkpoint receptor that regulates T-cell responses, particularly in exhausted

T cells within the tumor microenvironment. TIM-3 is upregulated on T cells exposed to chronic antigen
stimulation, such as in cancer, leading to immune dysfunction and suppression of anti-tumor activity. TIM-
3 interacts with several ligands, including galectin-9, to inhibit T-cell activation and cytokine production,
promoting tumor immune evasion [53].

In HL, TIM-3 expression on tumor-infiltrating T cells is associated with poor prognosis and resistance to
immunotherapy. Therefore, TIM-3 inhibitors, such as sabatolimab, are being explored as potential therapies
to restore T-cell function and enhance immune responses in HL [54]. Early studies suggest that combining
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TIM-3 inhibitors with PD-1 inhibitors, such as nivolumab, could improve anti-tumor responses by reversing
T-cell exhaustion and enhancing the overall immune response. This combination therapy could represent a
promising strategy to combat the immune suppression commonly seen in HL [55].

TIM-3 inhibitors are still in early clinical development, and while preliminary data is encouraging,
further studies are necessary to determine the optimal dosing, safety, and efficacy of these agents in
combination with other immunotherapies [56].

5 Combining Checkpoint Inhibitors with Chemotherapy
The combination of checkpoint inhibitors with chemotherapy is a promising area of research in

the treatment of Hodgkin lymphoma (HL), especially for patients with relapsed or refractory disease
(Table 1). While chemotherapy remains a cornerstone of treatment for newly diagnosed or early-stage HL, its
effectiveness diminishes in patients whose cancer has recurred or become resistant. By combining checkpoint
inhibitors, particularly PD-1/PD-L1 inhibitors such as Kuruvilla et al. [57], with chemotherapy, there is
potential to enhance the immune response and improve treatment outcomes in these patients [10].

Table 1: Clinical efficacy of PD-1 inhibitors in Hodgkin lymphoma

Study/Trial Drug(s) Used Response
rate (%)

Key findings/Outcome Ref.

KEYNOTE-204 Pembrolizumab ORR: 65,
CR: 22

Pembrolizumab showed significant
activity in relapsed or refractory

HL with durable responses.

[57]

CheckMate 205 Nivolumab ORR: 69,
CR: 16

Nivolumab demonstrated a high
overall response rate with

promising durability, offering a
new option for relapsed HL.

[59]

NIVAHL Nivolumab + AVD ORR: 90,
CR: 78

High response rates with
nivolumab added to ABVD in

newly diagnosed advanced-stage
HL, suggesting the benefit of

combining checkpoint inhibitors
with chemotherapy.

[60]

SWOG1826 Nivolumab +
AVD/Reduced

Chemo

ORR: 85,
CR: 70

Nivolumab combined with either
AVD or reduced-intensity

chemotherapy showed strong
responses in first-line treatment,

indicating an option for high-risk
patients.

[61]

Chemotherapy targets and kills rapidly dividing cancer cells through mechanisms such as DNA damage,
mitotic disruption, and apoptosis. Additionally, chemotherapy induces immunogenic cell death (ICD),
which activates the immune system and promotes anti-tumor immune responses. During ICD, tumor-
associated antigens are released, stimulating dendritic cells and T cells, which are essential for priming the
immune system to recognize and attack tumor cells [58].
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Despite this immune activation, tumors often evade immune detection by upregulating immune
checkpoint molecules like PD-L1, which inhibit immune activity. Checkpoint inhibitors block these check-
points, effectively releasing the “brakes” on the immune system and allowing T cells to remain active,
recognizing and attacking cancer cells. By combining chemotherapy, which induces immune activation, with
checkpoint inhibitors, which prevent immune suppression, this combination therapy enhances the overall
anti-tumor response [38]. Several clinical trials have explored the combination of checkpoint inhibitors with
chemotherapy in Hodgkin lymphoma:

5.1 Nivolumab and ABVD
The CheckMate 205 study treated patients with relapsed or refractory HL using Nivolumab, either as

monotherapy or in combination with ABVD chemotherapy (Adriamycin, Bleomycin, Vinblastine, Dacar-
bazine). Results showed that combination therapy significantly increased complete remission (CR) rates
compared to chemotherapy alone, suggesting that combining checkpoint inhibitors with chemotherapy can
lead to more durable and effective responses, particularly in high-risk relapse patients [59].

The NIVAHL and SWOG1826 studies are key trials exploring the efficacy of combining checkpoint
inhibitors with chemotherapy in the treatment of HL. The NIVAHL trial evaluated the combination
of nivolumab with the standard chemotherapy regimen ABVD in newly diagnosed, advanced-stage HL
patients. Results demonstrated promising outcomes, with a high overall response rate (ORR) and a favorable
safety profile, suggesting that nivolumab may enhance the effectiveness of traditional chemotherapy while
potentially reducing treatment-related toxicity [60]. The SWOG1826 trial, another important phase II study,
investigated nivolumab in combination with either AVD or a reduced-intensity chemotherapy regimen in
newly diagnosed HL patients. Early data from SWOG1826 indicated that the combination regimen showed
encouraging response rates, with a significant proportion of patients achieving complete remission. Both
studies highlight the potential of checkpoint inhibitors, like nivolumab, in improving clinical outcomes when
used in combination with chemotherapy, offering a more effective treatment strategy for patients with HL,
particularly those with high-risk or advanced-stage disease. These findings have contributed to the evolving
role of immunotherapy in frontline HL treatment and set the stage for further investigation into optimal
combination therapies [61].

5.2 Pembrolizumab and Chemotherapy
Pembrolizumab, another PD-1 inhibitor, has also been studied in combination with chemotherapy

in HL [62]. Clinical trials have shown that adding Pembrolizumab to chemotherapy regimens such as
ESHAP (Etoposide, Methylprednisolone, Cytarabine, Cisplatin) and ICE (Ifosfamide, Carboplatin, Etopo-
side) improves progression-free survival (PFS) and overall survival (OS) in patients with relapsed or
refractory HL [63]. This combination was well-tolerated and demonstrated enhanced efficacy compared to
chemotherapy alone. The combination of checkpoint inhibitors with targeted therapies has emerged as a
promising strategy for treating HL, particularly in relapsed or refractory cases. While traditional treatments
like chemotherapy and radiotherapy have been the mainstays of HL treatment, targeted therapies have
revolutionized cancer care by focusing on specific molecules or pathways involved in tumor growth and
immune evasion. These therapies offer more precision and fewer side effects compared to conventional
chemotherapy [64]. In the case of HL, combining checkpoint inhibitors (such as PD-1 inhibitors) with tar-
geted therapies can enhance treatment efficacy, overcome drug resistance, and provide a more personalized
approach to treatment. Below, we explore the rationale behind this combination, clinical evidence supporting
its use, and the associated benefits and challenges. The synergy between checkpoint inhibitors and targeted
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therapies lies in their ability to address both immune evasion and the intrinsic survival mechanisms of
cancer cells:

Drugs like Nivolumab and Pembrolizumab block the interaction between PD-1 on T cells and PD-L1 on
tumor cells. This prevents immune suppression, allowing T cells to recognize and attack cancer cells [65].

Targeted therapies such as Brentuximab vedotin or proteasome inhibitors specifically target molecules
involved in cancer cell survival [66]. For example, Brentuximab vedotin directly targets CD30 on Reed-
Sternberg cells, while proteasome inhibitors disrupt cellular growth and survival mechanisms. By combining
these approaches, checkpoint inhibitors activate the immune system, while targeted therapies directly
damage or inhibit tumor cells, leading to enhanced anti-tumor effects. Additionally, certain targeted thera-
pies, such as proteasome inhibitors or histone deacetylase (HDAC) inhibitors, may modulate the immune
microenvironment, further boosting immune responses when combined with checkpoint inhibitors. Several
clinical trials have examined the combination of checkpoint inhibitors and targeted therapies in Hodgkin
lymphoma. Some of the most promising results come from studies combining [67].

5.3 Brentuximab Vedotin with PD-1 Inhibitors
Brentuximab vedotin is an antibody-drug conjugate that specifically targets CD30, a cell surface protein

expressed on Reed-Sternberg cells, which is characteristic of HL [68]. Nivolumab, on the other hand, is a
PD-1 inhibitor that works by blocking the interaction between the PD-1 receptor on T cells and its ligands
(PD-L1 and PD-L2) on tumor cells. This blockage prevents the tumor from evading immune detection, thus
enhancing T cell-mediated immune responses against cancer cells [69].

The combination of these two therapies—Brentuximab vedotin and Nivolumab—has been investigated
in clinical trials for patients with relapsed or refractory Hodgkin lymphoma, a setting where treatment
options are often limited. The results of such trials have been promising, with high response rates observed
in patients who had previously failed other therapies. Notably, the combination has been associated with
complete remissions in a substantial proportion of patients, suggesting that it could offer a significant
therapeutic benefit [70].

The synergy between Brentuximab vedotin and Nivolumab is multifaceted. While Brentuximab vedotin
directly targets and delivers cytotoxic agents to CD30-expressing Reed-Sternberg cells, it also has the poten-
tial to alter the tumor microenvironment in a way that may enhance the effectiveness of immunotherapy.
For example, the destruction of tumor cells by Brentuximab vedotin can release tumor-associated antigens
and potentially activate the immune system further. On the other hand, Nivolumab’s role is to restore the
immune system’s ability to recognize and attack these tumor cells. By inhibiting the PD-1/PD-L1 pathway,
Nivolumab essentially “releases the brakes” on the immune system, allowing T cells to mount a more robust
and sustained anti-tumor response [71].

This combination approach is particularly relevant in relapsed or refractory HL, where conventional
treatments often fail to produce durable responses. The immune evasion mechanisms in HL, such as the
overexpression of PD-L1 on Reed-Sternberg cells, play a crucial role in the disease’s resistance to treatment.
By using Nivolumab to block this immune checkpoint and Brentuximab vedotin to target the tumor directly,
the combination addresses these mechanisms in a complementary manner [72].

Overall, the combination of Brentuximab vedotin and Nivolumab represents an innovative therapeutic
strategy for relapsed or refractory Hodgkin lymphoma, with the potential to improve outcomes for patients
who have limited options. The results from ongoing and future clinical trials will further elucidate the optimal
use of this combination, including the duration of therapy, the patient population most likely to benefit, and
the potential for long-term remission or cure [73].
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The combination of Brentuximab vedotin and Nivolumab was evaluated in patients with
relapsed/refractory HL. The results were striking, with high response rates, including complete remissions
in a significant proportion of patients. This combination works synergistically: Brentuximab vedotin targets
CD30 on Reed-Sternberg cells, while Nivolumab reactivates the immune system to target tumor cells that
might otherwise evade detection [74].

5.4 Role of Rituximab in Combination with Checkpoint Inhibitors in Lymphomas
Rituximab is an anti-CD20 monoclonal antibody that plays a crucial role in treating various lym-

phomas [75], especially B-cell non-Hodgkin lymphomas (NHL), by targeting CD20, a protein expressed on
B-cells. Its mechanism of action involves direct cell killing through antibody-dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC), and inducing apoptosis in B-cells. Rituximab has
shown substantial efficacy in monotherapy, achieving overall response rates (ORR) of approximately 50%–
70% in indolent B-cell NHL, and even higher in more aggressive lymphoma types like diffuse large B-cell
lymphoma (DLBCL) [76].

Given its success in monotherapy, Rituximab has become an important part of combination therapies,
including its use with immune checkpoint inhibitors (ICIs) like PD-1 and PD-L1 inhibitors, in lymphoma
treatment. The rationale for this combination is that checkpoint inhibitors can reverse immune suppression
by blocking the PD-1/PD-L1 pathway, which often inhibits T-cell-mediated anti-tumor responses. When
combined with Rituximab, these ICIs may enhance T-cell activity, making it easier for the immune system
to target tumor cells that express both CD20 and PD-L1.

Clinical trials have explored this combination, particularly in aggressive lymphoma subtypes and
relapsed/refractory cases. Early data show promising results, with combination therapies achieving an ORR
of up to 70%–80% in certain subtypes of lymphoma, particularly in patients with relapsed or refractory
disease [77]. Additionally, Rituximab may improve the tumor microenvironment by depleting regulatory
B-cells or enhancing immune cell infiltration, which could further potentiate the effects of ICIs. Rituximab,
as an anti-CD20 monoclonal antibody, plays a key role in lymphoma treatment, and its combination with
checkpoint inhibitors holds significant promise.

6 Common Immune-Related Adverse Events (irAEs) of Checkpoint Inhibitors
Checkpoint inhibitors offer significant therapeutic benefits but are associated with various irAEs, which

occur when the immune system, activated by the inhibitors, targets both cancer cells and healthy tissues
(Table 2). These irAEs can affect multiple organ systems, each presenting with distinct symptoms and
requiring specific management strategies [78].

Table 2: Common immune-related adverse events (irAEs) with checkpoint inhibitors

Adverse event Symptoms Management/Treatment Ref.
Endocrinopathies Fatigue, weight changes,

altered heart rate
Thyroid hormone replacement

therapy
[79]

Gastrointestinal
toxicity

Colitis, diarrhea,
dehydration

Corticosteroids,
immunosuppressants, careful

monitoring

[80]

(Continued)
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Table 2 (continued)

Adverse event Symptoms Management/Treatment Ref.
Pneumonitis Cough, shortness of breath,

chest discomfort
Corticosteroids,

immunosuppressants, early
intervention

[81]

Dermatologic
reactions

Rashes, itching, dermatitis Topical steroids, antihistamines,
symptom management

[82]

Hepatitis Jaundice, abdominal pain,
abnormal liver function tests

Corticosteroids,
immunosuppressants, early

detection

[83]

Endocrinopathies are among the most common irAEs, including conditions such as hypothyroidism
and hyperthyroidism. Symptoms often include fatigue, weight changes, and alterations in heart rate. Man-
agement typically involves thyroid hormone replacement therapy to restore normal thyroid function. While
these adverse events are common, they are usually manageable with proper treatment [79].

Gastrointestinal toxicity is another frequent side effect, manifesting as colitis and diarrhea. These
symptoms can be severe and, if untreated, may lead to dehydration and other complications. Corticosteroids
and immunosuppressants are commonly used to control inflammation and suppress the immune response
in the gastrointestinal tract, helping to alleviate these symptoms. Gastrointestinal toxicity is common and
requires careful monitoring to prevent serious complications [80].

Pneumonitis, though less common, is a potentially serious adverse event that affects the lungs. Patients
with pneumonitis may experience symptoms such as cough, shortness of breath, and chest discomfort. This
condition is typically managed with corticosteroids or immunosuppressants to reduce inflammation and
prevent respiratory distress. Due to its severity, pneumonitis requires early recognition and intervention to
prevent further lung damage [81].

Dermatologic reactions occur moderately frequently and include skin rashes, itching, and other forms
of dermatitis. These reactions are typically treated with topical steroids and antihistamines to manage
inflammation and reduce discomfort. Although these reactions are generally mild to moderate in severity,
they can significantly affect a patient’s quality of life and may necessitate adjustments to the treatment
regimen [82].

Hepatitis, though rare, is a serious irAE that presents with symptoms such as jaundice, abdominal pain,
and abnormal liver function tests. If not properly managed, hepatitis can lead to liver failure. Treatment
usually involves corticosteroids or immunosuppressants to control inflammation and prevent further liver
damage. Due to its rarity, hepatitis is often detected during routine monitoring and can be effectively treated
when recognized early [83].

While checkpoint inhibitors have transformed cancer treatment, their associated irAEs require careful
monitoring and management. The frequency and severity of these adverse events vary, and individualized
treatment plans, including the use of corticosteroids, immunosuppressants, and supportive care, are essential
for ensuring patient safety and optimizing therapeutic outcomes [84].
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7 Challenges and Future Directions in the Use of Checkpoint Inhibitors for Hodgkin Lymphoma
Treatment

Checkpoint inhibitors have significantly advanced the treatment of HL, particularly in relapsed or
refractory cases. However, several challenges remain that must be addressed to optimize their effectiveness,
including issues related to resistance, irAEs, patient selection, and the development of combination thera-
pies [85,86]. Additionally, future research into predictive biomarkers, alternative treatment regimens, and
cost accessibility is essential to fully harness the potential of checkpoint inhibitors in HL treatment.

Resistance is a major obstacle in checkpoint inhibitor therapy. While many patients initially respond to
PD-1 inhibitors such as Pembrolizumab and Nivolumab, a significant proportion either do not respond or
experience disease progression after an initial benefit [87].

7.1 Mechanisms of Resistance Alterations in the Tumor Microenvironment (TME)
Reed-Sternberg cells, often express PD-L1, which helps them evade immune detection. However, the

immune microenvironment can evolve, leading to the accumulation of suppressive factors that hinder the
effectiveness of checkpoint inhibitors. Additional immune checkpoint molecules, such as LAG-3 or TIM-3,
may emerge, further enabling immune evasion. Loss of antigen presentation: tumor cells can downregulate
the antigen presentation machinery, preventing immune recognition even when PD-1/PD-L1 pathways are
blocked. T cell exhaustion: prolonged immune activation can lead to T cell exhaustion, where T cells become
less effective at mounting an anti-tumor response. Addressing these challenges will require continued
research into the mechanisms of resistance and the development of strategies to overcome them, such
as combining checkpoint inhibitors with other therapies or developing new agents that target alternative
immune checkpoints [88].

7.2 Overcoming Resistance
In the ongoing effort to improve cancer treatment outcomes, overcoming resistance to immune

checkpoint inhibitors remains a critical challenge. Combining these inhibitors with other therapeutic
strategies, such as targeted therapies and next-generation inhibitors, may offer a more effective approach to
surmounting resistance mechanisms [89].

7.2.1 Combination Therapies
Combining PD-1 inhibitors with other immune checkpoint inhibitors (such as CTLA-4 inhibitors)

could enhance immune responses and reduce resistance. Additionally, pairing checkpoint inhibitors with
targeted therapies, such as Brentuximab vedotin, may provide a multi-pronged approach to overcoming
resistance [90].

7.2.2 Next-Generation Inhibitors
The development of newer checkpoint inhibitors targeting molecules like LAG-3 or TIM-3 could

address resistance mechanisms that are not effectively overcome by PD-1 inhibitors [91].
Despite their benefits, checkpoint inhibitors can lead to irAEs due to immune activation, which may

sometimes target normal tissues. Identifying patients who are most likely to benefit from checkpoint
inhibitors remains challenging. While PD-L1 expression is commonly used as a biomarker, it is not always
predictive in HL.
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7.3 Investigating New Biomarkers
As the landscape of cancer treatment evolves, the identification of new biomarkers (Table 3) is increas-

ingly recognized as a critical factor in optimizing the effectiveness of immunotherapy. Biomarkers can not
only aid in predicting how a patient will respond to treatment but also help tailor therapies to individual
needs, thus improving clinical outcomes. Tumor mutational burden (TMB), inflammatory markers, and
genetic profiling have emerged as key areas of interest in the search for predictive biomarkers that can refine
patient selection and treatment response [55] prediction in HL.

Table 3: Predictive biomarkers in the treatment with checkpoint inhibitors

Biomarker Description Role in Hodgkin lymphoma
treatment

Ref.

Tumor mutational
burden (TMB)

Tumor mutational burden
indicates the number of somatic

mutations in the tumor.

Higher TMB is associated with
better responses to
immunotherapy.

[92]

Inflammatory
markers

Signs of inflammation in the
tumor microenvironment, such

as cytokine production.

Tumors with an inflamed
microenvironment are more

likely to respond to checkpoint
inhibition.

[93]

Genetic profiling Genetic analysis to identify
specific mutations in Hodgkin

lymphoma.

Allows for more targeted
patient selection, improving

treatment outcomes.

[94]

7.3.1 Tumor Mutational Burden
TMB refers to the number of somatic mutations present within a tumor’s DNA. A higher TMB has been

linked to better responses to immunotherapy, including checkpoint inhibitors, in various cancers, and may
also be a promising indicator in HL [92]. Tumors with a high mutational burden are thought to produce more
neoantigens, which, in turn, may increase the likelihood of immune system recognition and response. This
connection is particularly relevant in HL, where genetic alterations in Reed-Sternberg cells, the hallmark of
the disease, could lead to a greater number of mutations that are recognizable by the immune system. As
a result, higher TMB may enhance the effectiveness of checkpoint inhibitors such as Pembrolizumab and
Nivolumab, making TMB an attractive potential biomarker for selecting patients who are more likely to
benefit from these therapies.

7.3.2 Inflammatory Markers
Tumor microenvironments (TMEs) that are more inflamed may also correlate with an increased

response to checkpoint inhibition. Inflammatory markers such as cytokines, chemokines, and immune cell
infiltrates can provide insights into the status of the TME and its potential to respond to immunotherapy [93].
Tumors with a highly inflamed microenvironment are often associated with a better immune response, as
they may facilitate the activation and infiltration of immune cells that can target tumor cells. In HL, the TME
plays a significant role in shaping the disease’s progression and response to treatment, with a particular focus
on the interaction between Reed-Sternberg cells and surrounding immune cells. Understanding the specific
inflammatory markers associated with this environment could help identify HL patients who are more likely
to benefit from checkpoint inhibitors by enhancing immune activation.
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7.3.3 Genetic Profiling
Advances in genomic technologies have allowed for the identification of specific genetic mutations

and alterations within HL [94], providing further insights into potential biomarkers. Genomic profiling,
through methods such as next-generation sequencing (NGS), can uncover mutations that may influence
tumor behavior and response to therapy. By analyzing the genetic landscape of HL, researchers are
uncovering HL-specific biomarkers that could guide treatment decisions, helping clinicians select the most
appropriate immunotherapeutic strategies. Moreover, genetic profiling may also reveal alterations in immune
checkpoint-related genes or genes involved in immune evasion, such as PD-L1 expression, further informing
decisions on which checkpoint inhibitors to use and whether combination therapies are appropriate.

Ongoing research continues to focus on improving the accuracy and predictive power of these biomark-
ers, with the goal of better-matching patients with the therapies most likely to yield the best outcomes. As
more data becomes available, it is expected that these biomarkers will play an essential role in personalizing
treatment approaches for HL patients, allowing for more targeted and effective use of checkpoint inhibitors.

Combining checkpoint inhibitors with other therapies, such as chemotherapy or targeted agents, holds
significant promise for improving HL treatment. Trials combining PD-1 inhibitors with chemotherapy
regimens like ABVD have shown encouraging results, though further studies are needed to determine the
long-term benefits and risks. Combining checkpoint inhibitors with targeted therapies, such as Brentuximab
vedotin or proteasome inhibitors, may further enhance treatment efficacy. Future clinical trials will need to
optimize combinations, dosages, and sequences to maximize efficacy while minimizing adverse effects [95].

8 Conclusions
The introduction of immune checkpoint inhibitors has marked a significant advancement in the treat-

ment of HL, particularly for relapsed or refractory cases. Inhibitors such as Nivolumab and Pembrolizumab
have demonstrated promising clinical results, showing improvements in progression-free survival and
complete remission, especially when combined with other therapies like chemotherapy or targeted therapies.
However, several challenges persist, including resistance to treatment, management of immune-related
adverse events (irAEs), and patient selection. Mechanisms such as alterations in the tumor microenviron-
ment, T cell exhaustion, and loss of antigen presentation limit the effectiveness of checkpoint inhibitors.
Combining checkpoint inhibitors with other therapies, including CTLA-4 inhibitors, targeted therapies, or
chemotherapeutics, may be a crucial strategy to overcome these barriers and further enhance therapeutic
outcomes. Furthermore, future research should focus on developing more accurate predictive biomarkers
to identify patients most likely to benefit from checkpoint inhibitors. Optimizing therapeutic combinations,
dosages, and treatment sequences will be vital to maximizing efficacy while minimizing side effects. Only
through the integration of innovative and personalized approaches can the full potential of checkpoint
inhibitors be realized in the treatment of Hodgkin lymphoma, ultimately providing new therapeutic options
for patients with relapsed or refractory disease.
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Abbreviations
Term Interpretation
PD-1 Programmed cell death protein 1
PD-L1 Programmed death-ligand 1
HL Hodgkin lymphoma
TME Tumor microenvironment
irAEs Immune-related adverse events
CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
LAG-3 Lymphocyte-activation gene 3
TIM-3 T-cell immunoglobulin and mucin-domain containing-3
TMB Tumor mutational burden
TCR T-cell receptor
APCs Antigen-presenting cells
ICD Immunogenic cell death
ABVD Adriamycin, Bleomycin, Vinblastine, Dacarbazine (chemotherapy regimen)
ESHAP Etoposide, Methylprednisolone, Cytarabine, and Cisplatin (chemotherapy regimen)
ICE Ifosfamide, Carboplatin, Etoposide (chemotherapy regimen)
CR Complete remission
PFS Progression-free survival
OS Overall survival
HDAC Histone deacetylase
ORR Overall Response Rate
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