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Abstract 

HIV infection is associated with an increased risk of lymphomas, presenting a therapeutic 

challenge due to the complex interplay between immune dysfunction and tumorigenesis. The 

programmed cell death protein 1 (PD-1) pathway has emerged as a pivotal immune checkpoint 

involved in the pathogenesis of HIV-related lymphomas, offering a promising target for 

immunotherapy. In this review, we provide a comprehensive overview of the role of PD-1 and 

immune checkpoint inhibitors in HIV-related lymphomas, exploring their impact on lymphoma 

pathogenesis, treatment strategies, and future directions. We discuss the dysregulation of the PD-

1 pathway in lymphoma microenvironment, immune evasion mechanisms, and the potential of 

PD-1 blockade to restore antitumor immunity. Clinical applications of PD-1 inhibitors, including 

pembrolizumab and nivolumab, in relapsed/refractory HIV-related lymphomas are highlighted, 

along with challenges such as patient selection, biomarker identification, and treatment resistance. 

Finally, we discuss future directions for research, emphasizing the need for biomarker-guided 

approaches, combination therapies, and long-term safety and efficacy data to optimize the 

integration of PD-1-based immunotherapy into the treatment paradigm of HIV-related 

lymphomas. This review provides insights into the current landscape of PD-1-based 

immunotherapy in HIV-related lymphomas and underscores its potential to improve outcomes for 

individuals living with HIV/AIDS and lymphomas. 

Keywords: Programmed Cell Death Protein 1 (PD-1), immune checkpoint inhibitors, HIV-related 

lymphomas, lymphoma pathogenesis, treatment strategies 
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Introduction 

HIV infection significantly increases the risk of developing lymphomas, encompassing a spectrum 

of heterogeneous malignancies with variable clinical presentations and prognoses. Despite 

advances in antiretroviral therapy (ART), the incidence of HIV-related lymphomas remains 

elevated, posing a significant challenge in clinical management. The dysregulation of immune 

checkpoints, such as the programmed cell death protein 1 (PD-1) pathway, plays a critical role in 

the pathogenesis of HIV-related lymphomas, contributing to immune evasion and tumor 

progression.  The PD-1 pathway has garnered considerable attention as a key regulator of immune 

responses in cancer and infectious diseases. In the context of HIV-related lymphomas, aberrant 

PD-1 signaling contributes to T-cell exhaustion and impaired antitumor immunity, creating an 

immunosuppressive microenvironment conducive to lymphoma growth and dissemination. PD-1 

expression is upregulated on tumor-infiltrating lymphocytes (TILs) within the lymphoma 

microenvironment, reflecting the dysfunctional state of T cells and their inability to mount 

effective antitumor responses. Immune checkpoint inhibitors targeting PD-1 have revolutionized 

the treatment landscape of various malignancies, offering durable responses and improved 

outcomes in select patient populations. Clinical trials investigating the efficacy and safety of PD-

1 blockade in HIV-related lymphomas have shown promising results, with pembrolizumab and 

nivolumab demonstrating efficacy in relapsed/refractory cases. However, challenges such as 

patient selection, biomarker identification, and treatment resistance need to be addressed to 

optimize the clinical utility of PD-1-based immunotherapy in this setting.1-30 

PD-1 Pathway in Lymphoma Pathogenesis 

The PD-1 pathway plays a multifaceted role in the pathogenesis of HIV-related lymphomas, 

exerting influence over various aspects of tumor development and immune evasion within the 

lymphoma microenvironment. Tumor-infiltrating lymphocytes (TILs) within the lymphoma 

microenvironment often exhibit elevated expression of PD-1, indicative of a dysfunctional state 

characterized by T-cell exhaustion and impaired antitumor immunity. PD-1-expressing T cells are 

less responsive to activation signals and exhibit diminished effector functions, including cytokine 

production and cytotoxicity, thereby facilitating immune escape and tumor progression. In addition 

to PD-1 expression on T cells, PD-L1 and PD-L2, the ligands for PD-1, are frequently upregulated 

on tumor cells and immune cells within the lymphoma microenvironment. Interaction between 

PD-1-expressing T cells and PD-L1/PD-L2-expressing tumor cells or antigen-presenting cells 

(APCs) delivers inhibitory signals that dampen T-cell activation and effector functions. This 

immune checkpoint-mediated inhibition allows lymphoma cells to evade immune surveillance and 

promote tumor growth and dissemination.31-60 

Dysregulated PD-1 signaling not only impairs antitumor immune responses but also fosters an 

immunosuppressive microenvironment conducive to lymphoma development and progression. 

PD-1 signaling promotes the expansion of regulatory T cells (Tregs) and myeloid-derived 

suppressor cells (MDSCs), which exert immunosuppressive effects and inhibit effector T-cell 
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function. Furthermore, PD-1-expressing T cells exhibit altered cytokine profiles and metabolic 

reprogramming, further contributing to immune dysfunction and tumor immune evasion. The 

immunosuppressive microenvironment created by dysregulated PD-1 signaling fosters a favorable 

milieu for lymphoma growth and dissemination. PD-1-expressing T cells are recruited to lymphoid 

tissues and tumor sites, where they interact with PD-L1/PD-L2-expressing tumor cells and immune 

cells, perpetuating an immunosuppressive cycle that sustains tumor progression. Moreover, 

chronic immune activation and inflammation associated with HIV infection further exacerbate PD-

1-mediated immune dysfunction, fueling lymphomagenesis and disease progression.61-80 

Clinical Applications of PD-1 Blockade in HIV-Related Lymphomas 

Clinical applications of PD-1 blockade in HIV-related lymphomas have shown promising results, 

offering new avenues for the treatment of these malignancies. Immunotherapy targeting the PD-1 

pathway has emerged as a novel therapeutic approach, particularly in relapsed/refractory cases 

where traditional treatment options have been exhausted or ineffective. Pembrolizumab and 

nivolumab, two FDA-approved PD-1 inhibitors, have demonstrated efficacy and safety profiles in 

various lymphoma subtypes, including classical Hodgkin lymphoma (cHL) and certain non-

Hodgkin lymphomas (NHLs), providing a rationale for their evaluation in HIV-infected 

individuals with lymphomas. In clinical trials, PD-1 blockade has shown encouraging outcomes 

in HIV-related lymphomas, with objective response rates (ORRs) and durable responses observed 

in a subset of patients. Pembrolizumab demonstrated efficacy in heavily pretreated HIV-infected 

individuals with relapsed/refractory cHL, leading to meaningful responses and durable disease 

control. Similarly, nivolumab showed promising results in relapsed/refractory cHL and NHLs, 

including diffuse large B-cell lymphoma (DLBCL) and primary mediastinal B-cell lymphoma 

(PMBCL), with manageable safety profiles and durable responses observed in some cases.81-110 

Combination therapies incorporating PD-1 blockade with standard chemotherapy or other 

immunotherapeutic agents are being explored in clinical trials for HIV-related lymphomas. The 

rationale for combination approaches lies in the potential synergistic effects of targeting multiple 

pathways involved in lymphoma pathogenesis and immune evasion. Preliminary data from early-

phase trials suggest that combination regimens may enhance treatment efficacy and overcome 

resistance mechanisms, offering new treatment options for patients with HIV-related lymphomas. 

Despite the promise of PD-1-based immunotherapy in HIV-related lymphomas, several challenges 

remain, including patient selection, biomarker identification, and treatment resistance. Biomarkers 

predictive of treatment response to PD-1 blockade are needed to guide patient selection and 

optimize treatment outcomes. Additionally, the management of immune-related adverse events 

(irAEs) associated with PD-1 inhibitors requires careful monitoring and intervention to minimize 

treatment-related toxicity and optimize patient outcomes.111-130 

Challenges and Future Directions 
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Identifying predictive biomarkers of response to PD-1 blockade is essential for optimizing patient 

selection and treatment outcomes. Current biomarkers, such as PD-L1 expression and tumor 

mutational burden, have shown variable predictive value across different cancer types. In the 

context of HIV-related lymphomas, additional biomarkers specific to the immunological and 

virological milieu need to be identified to guide patient selection and personalize treatment 

strategies. Resistance to PD-1 blockade remains a significant challenge in the management of HIV-

related lymphomas. Mechanisms of resistance may involve tumor-intrinsic factors, such as loss of 

antigen presentation or alterations in signaling pathways, as well as immune-related factors, such 

as upregulation of alternative immune checkpoints or recruitment of immunosuppressive cells. 

Elucidating the mechanisms of resistance and developing strategies to overcome resistance are 

critical for improving treatment outcomes and prolonging responses to PD-1 blockade.131-141 

Combination therapies incorporating PD-1 blockade with other therapeutic modalities, such as 

chemotherapy, targeted therapy, or other immune checkpoint inhibitors, are being explored to 

enhance treatment efficacy and overcome resistance mechanisms. Rational combinations based on 

complementary mechanisms of action and preclinical evidence of synergistic effects hold promise 

for improving outcomes in HIV-related lymphomas. However, careful consideration of potential 

toxicities and optimal sequencing of therapies is necessary to maximize therapeutic benefit. 

Immune-related adverse events (irAEs) associated with PD-1 blockade can occur in a subset of 

patients and may require prompt recognition and management to prevent treatment-related 

toxicity. Close monitoring and early intervention are essential for mitigating irAEs and optimizing 

treatment outcomes. Strategies for managing irAEs in the context of HIV-related lymphomas, 

including the use of immunosuppressive agents or temporary treatment interruptions, need to be 

further elucidated and tailored to the unique needs of HIV-infected individuals. Long-term safety 

and efficacy data are needed to assess the durability of responses and the impact of PD-1 blockade 

on overall survival in HIV-related lymphomas. Continued follow-up of patients enrolled in clinical 

trials, as well as real-world evidence from routine clinical practice, will provide valuable insights 

into the long-term outcomes of PD-1-based immunotherapy in this population. Furthermore, 

studies evaluating the impact of PD-1 blockade on HIV-specific immune responses, viral reservoir 

size, and HIV disease progression are warranted to fully understand the immunological 

consequences of treatment.142-168 

Conclusion 

PD-1 blockade represents a transformative approach in the management of HIV-related 

lymphomas, offering new hope for patients with relapsed/refractory disease. Continued research 

efforts and collaboration between researchers, clinicians, and patients are essential for addressing 

remaining challenges, advancing the field, and realizing the full potential of PD-1 inhibitors in 

HIV-related lymphoma treatment. With ongoing dedication and innovation, PD-1 blockade has 

the potential to revolutionize the therapeutic landscape for individuals living with HIV/AIDS and 

lymphomas, ultimately improving outcomes and quality of life for affected individuals. 
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