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Classic Hodgkin lymphoma (cHL) treatment paradigms are undergoing a shift with the integration of immune checkpoint inhibitors (ICIs) into both first-line and relapsed/refractory (R/R) regimens. In first-line therapy, the synergy between ICIs and chemotherapy may surpass the previous standards of ABVD and BV-AVD established by landmark trials including RATHL and ECHELON-1. In R/R disease, the combination of ICIs with chemotherapy has begun to challenge the paradigm of chemotherapy as a bridge to consolidative autologous stem cell transplantation. The clinical advances heralded by ICI offer unique challenges to management. ICI treatment and the associated inflammatory response can make the traditional timing and modalities of treatment response assessment difficult to interpret. In contrast to ABVD and BV-AVD, pembrolizumab-AVD results in PET2 positivity rates that are higher and less predictive of treatment response even when ultimate outcomes may be superior. This suggests that the predictive value of PET2 may be less reliable in the ICI era, prompting a reevaluation of response assessment strategies. Looking forward, circulating tumor DNA (ctDNA) may be a promising tool in response-adapted therapy. Its potential to complement or even supersede PET scans in predicting response to ICIs represents a critical advancement. The integration of ctDNA analysis holds the promise of refining response-adapted approaches and enhancing precision in therapeutic decision-making for patients with cHL. This review navigates the evolving landscape of cHL therapy, emphasizing the paradigmatic shift brought about by ICIs. This article explores the impact of combining ICIs with chemotherapy in both relapsed/refractory and first-line settings, scrutinizes the challenges posed to response-adapted therapy by ICIs, and highlights the potential role of ctDNA as an adjunct in refining response-adapted strategies for cHL.
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Introduction

Classic Hodgkin lymphoma (cHL) stands apart within the landscape of hematological malignancies because of its distinctive histopathological hallmark, the Reed-Sternberg cell, and the intricate interplay between these cells and the tumor microenvironment. This unique interaction fosters an immunosuppressive milieu that underpins immune evasion, treatment resistance, and the pursuit of innovative therapeutic avenues (1–3). Major advances, from basic and translational science to phase 3 studies, have demonstrated the strong efficacy of immune checkpoint inhibitors (ICIs) in the management of cHL.

Across diverse malignancies, ICIs have remodeled treatment paradigms by disrupting immune checkpoints and reinvigorating T cell-mediated antitumor responses (4). Particularly intriguing is the application of these agents in the realm of cHL, where the high expression of programmed death-ligand 1 (PD-L1) on Reed-Sternberg cells, acting as a crucial modulator of immune suppression, beckons toward a tailored therapeutic strategy involving ICIs (5).

In the first-line advanced setting, the addition of ICIs to a chemotherapy backbone is showing improved progression-free survival compared with the current standard-of-care therapies (6). In the relapsed or refractory setting, the synergy between ICIs and established cytotoxic chemotherapy regimens has demonstrated high response rates and durable responses when used with consolidative autologous hematopoietic stem cell transplantation (autoHSCT) (7–10). Newer regimens are exploring transplant-free options with ICI maintenance therapy, suggesting a potential avenue for shifting the therapeutic landscape away from the conventional standard involving autoHSCT (10).

However, the paradigm of response-adapted therapy, which relies on positron emission tomography (PET) scans for response assessment after cycle 2 (PET2), presents challenges in the context of ICIs. Multiple trials combining ICIs with chemotherapy have indicated that PET2 does not predict treatment response as well as cytotoxic chemotherapy & targeted therapy alone (11). This discrepancy has been attributed to the higher PET2 positive rate observed in the presence of ICIs, which has not been associated with lower progression-free survival (PFS). As an alternative, circulating tumor DNA (ctDNA) analysis has emerged as a more reliable predictor of response, suggesting the potential for integrating ctDNA into risk stratification models (11).

This comprehensive review aims to highlight the contributory pathophysiology of cHL, delve into clinical trials conducted in both first-line advanced and relapsed/refractory settings, and navigate the complexities surrounding the incorporation of ICIs into existing treatment paradigms. By probing the cellular and molecular underpinnings, assessing the evolving therapeutic strategies, and addressing the challenges of response assessment, this review aspires to provide a comprehensive perspective on the revolutionary impact of ICIs in reshaping the landscape of cHL management.





The role of checkpoint surface molecules in the pathophysiology of cHL

In 1832, Thomas Hodgkin penned a seminal letter entitled “On some Morbid Appearances of the Absorbent Glands and Spleen,” detailing a case series of seven patients (12). This letter is widely regarded as the first recognition and documentation of lymphoma as a distinct disease. Impressively, the cases he described were preserved and later exhibited in museums. In a remarkable testament to their preservation, three of these original samples underwent re-evaluation in 1999 (13). This analysis revealed that one sample was diffuse large B-cell lymphoma, while the remaining two were identified as Hodgkin lymphoma. Although Thomas Hodgkin didn’t claim to have delineated this specific subtype of lymphoma, the eponymous term ‘Hodgkin lymphoma’ was later attributed to him. At the time of his initial description, the differentiation between lymphoma subtypes, particularly the identification of the characteristic Reed-Sternberg cells, was beyond the scope of available medical knowledge and technology.

Reed-Sternberg cells exhibit characteristic cytogenetic alterations in the 9p24.1 locus, resulting in increased expression of PD-L1/2 downstream (5, 14). These alterations include copy gain, amplification, and polysomy, with copy gain being the most common alteration affecting up to 60% of patients with cHL, followed by amplification and polysomy. Notably, amplification is associated with a higher PD-L1/2 score than copy gain and polysomy. Higher levels of PD-L1 correlate with better treatment responses in advanced and relapsed/refractory settings. Furthermore, specific alterations in the 9p24.1 locus, such as amplification, copy gain, and polysomy, have shown distinct associations with treatment outcomes following immune checkpoint inhibitor therapy. After treatment with nivolumab, patients with 9p24.1 amplification had the highest proportion of complete response, followed by copy gain and polysomy (15).

While ICIs are thought to work through CD8+ T-cell activation in solid tumors, Reed-Sternberg cells frequently do not express both major histocompatibility complex (MHC) class I and B-2-microglobulin, which interact with the T cell receptor of cytotoxic CD8+ T cells (16). Therefore, positive treatment outcomes may involve mechanisms of action beyond CD8+ cytotoxic T cell-mediated activity (17, 18).

Reed-Sternberg cells represent about 1-10% of the tumor immune microenvironment, with the other 90-99% of cells being other immune cells. Within the myeloid component of the tumor microenvironment, enrichment of classic dendritic cells, monocytes, and macrophages has been associated with early relapse after treatment (19). In the lymphoid component, CD4+ T cells are often colocalized with Reed-Sternberg cells and PD-L1-expressing macrophages. This has significant clinical implications as higher expression of MHC class II, the receptor for CD4, was associated with longer progression-free survival in patients who relapsed after autoHSCT (16). Furthermore, response to ICI was associated with expansion of CD4, but not CD8, T cell receptor clonal diversity (20). A notable subset of CD4+ T cells, immunosuppressive T-regulatory cells, is present in higher proportions in cHL than in reactive lymph nodes, and these T-regulatory cells strongly express LAG3, a marker of T cell exhaustion (21).

To understand the significance of T cell exhaustion in cHL, insights can be drawn from research conducted on other malignancies. In head and neck cancer, individuals who respond to ICIs tend to have a higher proportion of exhausted T cells before treatment, suggesting that pre-treatment immune features play a fundamental role in treatment response. This phenomenon may be due to ICIs decreasing the expression of exhaustion-related genes, such as TIGIT and TOX, and increasing the expression of cytotoxic genes, including HLA class 2, GZMB, GZMH, and GNLY (Figure 1) (22, 23).




Figure 1 | (A) Reed-Sternberg cells express high levels of PD-L1/2, which contributes to the increased expression of genes associated with T cell exhaustion. (B) Immune checkpoint inhibitors decrease the expression of genes associated with exhaustion and increase the expression of genes associated with activation.



In the early untreated cHL setting, similar T cell exhaustion and immunosuppressive tumor microenvironment characteristics were observed. Correlative trials from a German Hodgkin Study Group phase II trial, which randomized participants with early-stage unfavorable Hodgkin lymphoma to receive nivolumab-AVD with or without radiation therapy, demonstrated a rapid reversion of an initially exhausted peripheral blood mononuclear cell phenotype upon treatment (24–26). However, there was no association between disease response and CD8+ cytotoxicity (18, 19). This supports the hypothesis that response to ICI is mediated by reversion of the CD4+ T cell-mediated exhaustion phenotype rather than a CD8+ cytotoxic mechanism.





Trials in the first-line setting for advanced cHL

In the first-line setting for advanced cHL, ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) and escalated BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone) have been the standard of care for cHL since the 1990s (27, 28). Studies have shown that eBEACOPP has superior PFS without significant overall survival (OS) benefit at 5-year follow-up, at the expense of increased toxicities (29, 30). However, this PFS advantage diminishes with longer observation time (31, 32). By substituting bleomycin with brentuximab vedotin (BV), BV-AVD and BrECADD (BV, etoposide, cyclophosphamide, doxorubicin, dacarbazine, and dexamethasone) have improved PFS and OS compared with ABVD and eBEACOPP, respectively, and have emerged as an alternative standard of care (33, 34).

Further expanding upon the success of substituting bleomycin with alternative therapies, the SWOG S1826 trial is the first phase 3 trial to investigate ICIs in the first-line setting. This phase 3 trial compared nivolumab-AVD with BV-AVD. The interim analysis demonstrated a 2-year PFS benefit with a hazard ratio of 0.48 (99% CI 0.27-0.87) (6). The OS has not yet been analyzed. Subgroup analysis in older patients shows improved PFS and better tolerability (35). Alternative regimens incorporating ICIs in the first-line setting include the phase 2 trial of pembrolizumab plus AVD, which showed a durable response with a 2-year PFS of 97% (Table 1) (11).


Table 1 | Select trials of recent standard-of-care regimens for untreated advanced cHL.



For patients who are ineligible for ABVD or BV-AVD because of frailty or age, the Niviniho and ACCRU trials investigated alternative ICI-based regimens. Both studies had non-durable responses with median PFS of 9 months with nivolumab plus vinblastine augmentation and 18 months with BV-nivolumab, respectively (Table 2) (40, 41). These responses were similar to those seen with nivolumab and pembrolizumab monotherapy (42, 43). This may be due to the included participants being recruited from a more frail population, but also highlights the challenges in current treatment approaches for those who cannot receive chemotherapy.


Table 2 | Select trials of ICI-based regimens for untreated advanced cHL.







Trials in the relapsed/refractory setting

ICIs were initially explored as potential treatments for cHL in the refractory/relapsed setting. Trials of pembrolizumab (Keynote 087) and nivolumab (Checkmate 205) monotherapy enrolled heavily pre-treated participants, with a median number of four previous therapies (42, 43). These trials demonstrated an overall response rate of 71.4% and 71.2%, complete response rates of 9% and 27.6%, and a median duration of response of 16.6 and 17 months, respectively. Pembrolizumab was further explored in a phase 3 trial (Keynote 204), with similar results (Table 3) (44).


Table 3 | Select trials of single-agent ICIs for R/R cHL.



An alternative ICI, tislelizumab, was designed to overcome one of the mechanisms behind PD-PD-L1 pathway blockade resistance, antibody-dependent cellular phagocytosis, by minimizing binding to the cellular receptor on macrophages (46–48). In the phase 2 trial of tislelizumab monotherapy, the results were notable for an overall response rate of 87.1%, complete response rate of 62.9%, and median duration of response of 31.3 months, as detailed in Table 1 (45). This divergence in outcomes may be due to tislelizumab itself, but alternative reasons include differences in patient characteristics or the criteria employed for tumor assessment. Notably, the trial participants represented a group that had received less prior treatment, with a majority being ineligible for autologous hematopoietic stem cell transplantation (autoHSCT) rather than having experienced progression after autoHSCT. Additionally, it is worth noting that tumor assessment in this trial followed the Lugano criteria, a departure from the 2007 International Working Group Revised Response Criteria for Malignant Lymphomas (IWG 2007) employed in Keynote 087, Keynote 204, and Checkmate 205 (42–45).

In addition to the high rates of response for ICI monotherapy, their low rate of adverse effects and potential chemotherapy-sensitizing properties make them ideal agents for combination regimens (49). The current treatment paradigm for refractory/relapsed cHL involves a combination of cytotoxic chemotherapy with or without ICI, followed by curative-intent autoHSCT (50). Pembrolizumab-GVD and nivolumab-ICE therapy are response-adapted, with 2 additional cycles of Pembro-GVD or NICE given if not in CR at response assessment, and have an excellent 2-year PFS estimates of 100% and 94% (7, 8). There is growing evidence that ICIs sensitize cHL to further therapy, including autoHSCT. In a multicenter retrospective cohort study, patients treated with ICI-based salvage regimens prior to autoHSCT exhibited significantly improved 2-year PFS rates of 98%, compared to 68.8% for those receiving non-ICI-based salvage regimens (51). Other significant clinical outcomes include improved overall response rate and duration of response to subsequent chemotherapy, targeted therapy, transplant conditioning, and chimeric antigen receptor T cell therapy (52).

For those not eligible for autoHSCT, there are alternative regimens. Tislelizumab plus gemcitabine and oxaliplatin (T-GemOx), uses 2 years of maintenance tislelizumab instead of consolidation with autoHSCT. Although further investigation is needed, the trial reported a 100% overall response rate, with only 2 out of 36 participants experiencing progressive disease at the 2-year follow-up, whereas the rest achieved and maintained complete responses (10). Before this trial, durable responses in the relapsed/refractory setting have not been seen in regimens that were not intended as a bridge to autoHSCT (Table 4). Brentuximab vedotin plus nivolumab is a chemotherapy-free option that is not response adapted for four cycles and ends with a consolidation autoHSCT. The final analysis of this trial compared all participants versus those who ultimately underwent autoHSCT and demonstrated a 36-month PFS estimate of 77% and 91% respectively (9).


Table 4 | Select phase 2 trials of ICI-based regimens for R/R cHL.



Alternative non-chemotherapy backbones explored in combination with ICIs include the HDAC inhibitor vorinostat. While only having modest activity in R/R cHL as monotherapy, vorinostat is an epigenetic modifying agent that enhances MHC class 1 expression, increases antigen presentation, and increases T cell infiltration to the tumor microenvironment (54). The first trial to investigate pembrolizumab and vorinostat demonstrated an overall response rate of 73% and a complete response rate of 33%. Notably, 56% of PD-1-inhibitor refractory patients responded (53).





Assessment of response to ICI-based therapy

Patient stratification and outcome prediction play critical roles in guiding decisions regarding treatment duration, intensity, and selection of cancer-directed therapy. Initially, the international prognostic score (IPS) was the foremost predictor of PFS in cHL. This was achieved by considering factors such as white blood cell count, acute phase reactants, patient characteristics, and disease staging (55). However, over time, a more powerful predictor of treatment outcomes has emerged in the form of interim PET scans for response assessment after cycle 2 (PET2) (56, 57). The advent of PET2 response-adapted therapy has led to a diminished predictive value of IPS for treatment response. To enhance prognostication, new variables, including age and absolute lymphocyte count, have been incorporated into the clinical prediction model known as A-HIPI (57–59). Much like the IPS before it, the relevance of PET2 response-adapted therapy requires re-evaluation in the context of evolving treatment paradigms.

Multiple trials combining ICIs with chemotherapy have shown that PET2 may underestimate the treatment response. This discrepancy has been attributed to the higher PET2 positive rate observed in the presence of ICIs, which has not been associated with lower PFS. In the phase 2 trial of pembrolizumab-AVD, participants received 4 to 6 cycles of therapy based on the results of a PET scan after cycle two (PET2). The PET2 positive rate in this trial was approximately 43%, which is higher than previous trials without ICIs, with rates ranging from 16% to 20% (11, 33, 60–63). Among those with PET2 positive disease, the PFS for participants treated with pembro-AVD was significantly higher than those treated with ABVD and BV-AVD in the RATHL and ECHELON-1 trials, respectively (Table 5) (11, 33, 64). The potential for falsely high Deauville scores in early PET2 evaluations during ICI treatments calls for a reexamination of the use of PET2 in response-adapted therapeutic strategies.


Table 5 | PET-response rates across select trials.



Circulating tumor DNA (ctDNA) analysis has recently emerged as a promising tool for predicting treatment response. Interestingly, despite the typically low abundance of Reed-Sternberg cells in tissue-based pathology, ctDNA levels in peripheral blood are relatively high, even exceeding those found in tumor tissue (65–68). Historically, the accuracy and effectiveness of ctDNA assessment were hindered by high error rates and challenges in genome recovery. However, these limitations have been mitigated with the advent of PhasED-Seq technology (69). This approach enhances accuracy by detecting multiple single nucleotide variants on the same DNA strand, thereby reducing the error rate compared to methods that identify single nucleotide variants individually. Furthermore, PhasED-Seq requires only one strand of DNA for detection, unlike previous techniques that necessitated both strands, significantly improving the efficiency of genome recovery and making ctDNA analysis a more viable and reliable method for assessing treatment response. In clinical practice, ctDNA was a better predictor of response in the trial investigating pembro-AVD, as the one patient who relapsed had a negative PET at cycle two but did not clear circulating tumor DNA. Importantly, no patient who cleared circulating tumor DNA has relapsed in this trial (11).





Conclusion

The decision to utilize ICIs, both in first-line and R/R settings, necessitates a nuanced understanding of patient-specific factors and the broader implications of introducing these therapies into standard practice. This includes considerations of potential autoimmune conditions, treatment history, candidacy for aggressive chemotherapy, and the evolving landscape of biomarker-driven therapy selection. Furthermore, as ICIs redefine treatment benchmarks, there’s a pressing need to recalibrate our response assessment tools, moving beyond traditional metrics like PET2 to more predictive measures such as ctDNA, which may offer a more accurate gauge of treatment efficacy in the era of immunotherapy.

In light of the data presented from the SWOG S1826 trial and other pivotal studies, the incorporation of Nivo-AVD in the first-line treatment of advanced cHL signifies a potential paradigm shift. The trial’s demonstration of a significant improvement in PFS over recently defined benchmark regimen BV-AVD positions Nivo-AVD as an appealing option for upfront therapy. However, the consensus to broadly adopt Nivo-AVD as a standard practice should hinge on the forthcoming OS data. If OS benefits align with the PFS improvements observed, Nivo-AVD should be strongly considered as the new standard for first-line therapy in advanced cHL for most patients.

In the context of R/R cHL, the compelling efficacy of ICIs underscores their fundamental role in this setting. Given their capacity to induce durable responses, especially when integrated with strategies like autoHSCT for eligible patients, ICIs should be regarded as a cornerstone of therapy for R/R cHL. For patients ineligible for transplantation, emerging treatments like T-GemOx, followed by maintenance ICI therapy, offer promising alternatives that may be obviate the need for autoHSCT. This approach not only broadens the therapeutic landscape and potential for cure in less fit or older patients, but also emphasizes the need to revisit the dogma of consolidative autoHSCT in this new treatment era. Unexplored areas of research include the role of ICIs in the R/R after first-line ICI exposure.

The integration of ICIs into cHL treatment signifies more than just an advancement in therapeutic options; it serves as a call to action for the hematological community. It compels us to become proficient in managing a therapeutic agent that, while commonplace among our colleagues treating solid tumors, has seldom been used in hematology. This transition not only necessitates a reevaluation of our standard response assessments but also holds promises to enhance patient outcomes. Moreover, it challenges us to deepen our understanding of cHL biology, optimize treatment strategies, and elevate the standard of care. This evolution marks a significant shift, emphasizing the need for continuous education and adaptation in hematology.
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