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Waldenström Macroglobulinemia (WM) is a rare, indolent B-cell lymphoma that primarily affects elderly individuals. Although frontline chemoimmunotherapy and Bruton’s tyrosine kinase inhibitors (BTKi) can provide durable responses, most patients eventually relapse, posing ongoing clinical challenges. This review outlines the current therapeutic landscape for relapsed and refractory (R/R) WM, with a focus on emerging treatment strategies. While the efficacy of chemoimmunotherapy and targeted agents in the frontline setting is well established, the management of relapsed disease largely relies on early-phase clinical trials, often involving heterogeneous populations. Covalent BTKi (cBTKi), including ibrutinib, zanubrutinib, and acalabrutinib, remain the cornerstone of R/R WM therapy, with varying safety and efficacy profiles. Resistance to cBTKi, frequently associated with the BTK C481 mutation, confers poor survival outcomes. The development of non-covalent BTKi (ncBTKi) and BTK degraders as promising alternatives. In this setting, the molecular profile-particularly mutations in MYD88, CXCR4, and TP53-plays a pivotal role in predicting treatment response and prognosis. BCL-2 inhibitors, such as venetoclax, are also under investigation. A phase II trial of venetoclax monotherapy demonstrated encouraging response rates in heavily pretreated patients, underscoring its potential in BTKi-resistant or intolerant cases. Additional novel therapies under evaluation include proteasome inhibitors, PI3K inhibitors, and immunotherapeutic approaches like CAR-T cells and bispecific antibodies. While early results are promising, larger studies are needed to validate these strategies. In addition, consolidation or salvage with hematopoietic stem cell transplantation could be considered in young heavily pretreated patients, especially in the context of BTKi refractoriness. It is therefore important to underline that given the chronic, relapsing course of WM, personalized treatment sequencing-accounting for comorbidities and prior therapies-is essential for optimizing outcomes. In conclusion, although significant advancements have been made in the management of R/R WM, continued research through randomized trials and biomarker-driven approaches is critical for refining the treatment strategies and improving long-term survival in this challenging disease.
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1 Introduction

Waldenstrom Macroglobulinemia (WM) is a subtype of Non-Hodgkin Lymphoma that primarily affects elderly individuals and typically follows an indolent course (1). These features allow to carefully plan the sequencing of therapies, considering each patient’s distinctive factors, such as tolerability, comorbidities and age. However, a small subset of patients affected by lymphoplasmacytic lymphoma (LPL)/WM experiences a more severe disease course, characterized by lower response rates and inferior tolerability to standard frontline therapies (2). These cases are usually, but not always, associated with advanced age at diagnosis, extranodal involvement and adverse molecular or cytogenetic features (3–6).

For the first-line treatment, both chemoimmunotherapy regimens and Bruton’s Tyrosine Kinase (BTK) inhibitors are well tolerated and widely used, demonstrating high response rates and favorable long-term outcomes, as demonstrated by phase II trials and indirect comparisons (7, 8). In contrast, current evidence concerning second-line and later therapies comes primarily from Phase I/II clinical trials, which often include heterogeneous patient populations in terms of clinical, molecular, and prior treatment characteristics. In this evolving landscape, multiple agents have been tested both in frontline and subsequent lines however there is still a lack of prospective randomized studies validating clinical decisions. Nevertheless, it has been demonstrated that targeted therapies may contribute to a chemo-free treatment approach particularly beneficial for patients who are intolerant or refractory to conventional chemotherapy (9).

This review aims at providing a comprehensive overview of WM management, with a particular focus on advanced-line treatment strategies. Given the efficacy of frontline therapies and the aging WM population, the need for a well-planned treatment sequencing is becoming increasingly relevant. Thus, it is emphasized that a modern WM management must consider to balance patient-tailored approaches with a wise usage of novel agents.




2 Disease characteristics

LPL is a malignant clonal disorder of memory B cells, characterized by a distinctive bone marrow infiltration pattern that differentiates it from monoclonal gammopathy of undetermined significance. In the majority of cases, a circulating serum monoclonal IgM component is detectable, fulfilling the diagnostic criteria for WM. However, in a small subset of patients (5–10%), the monoclonal component is of non-IgM type (LPL non-IgM) (10). Additionally, current classifications recognize other rare LPL subtypes, including cases without a detectable monoclonal component or those presenting as exclusively extramedullary disease (11).

Most patients harbors the L265P mutation in the MYD88 gene, while nearly half of WM cases exhibit mutations in the CXCR4 gene. To date, over 40 different CXCR4 mutations have been identified, with the S338X mutation being the most common (12, 13).

Both MYD88 and CXCR4 play crucial roles in the Toll-like receptor (TLR) signaling pathway, ultimately influencing NF-κB activation. It is well established that the mutational status of these genes significantly impacts treatment response, particularly to Bruton’s tyrosine kinase inhibitors (BTKi).

Additionally, TP53 mutations and/or 17p deletions have been associated with adverse outcomes and increased chemoresistance, consistent with findings in other hematologic malignancies (14).

No cytogenetic aberrations have been definitively established as disease-defining in WM. However, 6q deletion has been associated with the inflammatory subtype of WM and has been linked to adverse clinical outcomes (15, 16). The complexity of the karyotype appears to increase with advancing age at diagnosis (4). Recently, novel subtypes of WM have been identified through integrative data studies, describing distinct molecular and clinical subtypes of the disease (17).

In line with this, multi-omics approaches are being explored across different referral centers.

The signs and symptoms of WM are often related to the presence of the paraprotein, leading to autoimmune hemolytic anemia, neuropathy, or cryoglobulinemia, or to bone marrow infiltration, resulting in cytopenias (2). In a minority of cases splenomegaly and lymphadenopathy may be present. Life expectancy in symptomatic WM ranges from 5 to 15 years, depending on the IPSSWM risk score, with a median age at diagnosis of approximately 70 years (2).




3 Frontline therapy

Historically, frontline treatment for WM has been based on the combination of a chemotherapy agent and an anti-CD20 monoclonal antibody. The choice to use Bendamustine-Rituximab (BR) or Rituximab-Cyclophosphamide-Dexamethasone (DRC) largely depends on local policies and patient tolerability (18, 19). While no direct comparison between these regimens has been conducted, real-world data suggest better outcomes with the BR regimen, despite its lower feasibility and more frequent need for dose adjustments (8). These regimens appear unaffected by the mutational status of MYD88 and CXCR4 (7). However, recent studies indicate that WM patients with TP53 mutations are less responsive to conventional chemoimmunotherapy. In such cases, a BTKi until disease progression is the preferred approach. Similarly, BTKi therapy is recommended for WM patients who are ineligible for chemoimmunotherapy (14, 20). Fitness to chemotherapy, albeit it has not been precisely defined and therefore validated in prospective studies in WM, generally is defined by an age < 80 years and no significant comorbidities and organ dysfunction (21). Given these insights, an accurate diagnostic workup, including assessment of MYD88, CXCR4 and TP53 mutational status, is highly recommended, as recently outlined in a guideline paper (9).

Currently, the most promising approaches under consideration in clinical trials are focused on the combination of BTKi with chemoimmunotherapy, IMIDs, or targeted agents. One such study, led by the Canadian group for WM, investigates the role of 6 cycles of BR, followed by 1 year of Acalabrutinib in WM patients (22, 23).

Similarly, Xiong et al. designed a Phase II clinical trial to investigate the effect of 6 cycles of BR combined with 12 months of Zanubrutinib (24).

Along the same line, Buske et al. included Bortezomib, Ibrutinib and Rituximab for 6 cycles, followed by 24 months of maintenance with Rituximab plus Ibrutinib. This regimen led to rapid, deep responses, though it was associated with a high mortality rate, likely due to COVID-19 infections during pandemic era (25).

A randomized ongoing trial comparing Carfilzomib in combination with Ibrutinib until disease progression, versus Ibrutinib monotherapy in both frontline and relapsed settings is currently recruiting (26).

Lastly, Castillo et al. conducted a Phase II prospective trial to evaluate the combination of Ibrutinib and the BCL2 inhibitor (BCL2i) Venetoclax in previously untreated WM. This trial excluded MYD88 wild-type patients. Preliminary results were promising in terms of response rates but the study was prematurely closed due to a 9% incidence of ventricular arrhythmias, including two grade 5 AEs whose cause is still to be determined (27, 28).




4 Current evidence for the management of relapsed/refractory WM cases



4.1 BTKi and BCL2i based clinical trials



4.1.1 Bruton kinase inhibitors

BTKi have demonstrated a favorable safety, tolerability, and efficacy profile. These inhibitors are now considered the standard of care for relapsed/refractory (R/R) WM, as well as in the frontline setting for patients who are not fit for standard chemoimmunotherapy (29, 30). Covalent BTK inhibitors such as Ibrutinib, Zanubrutinib, Acalabrutinib, and Orelabrutinib, bind to Cys481 (C481), which is the active site of BTK. This binding blocks the activation of BTK and suppresses its downstream signaling. Although this class of BTKi is effective in WM and other B cell malignancies, both primary and acquired resistance to these compounds is not uncommon. Progression of WM during BTKi therapy due to mutations in the binding site has been described and is one of the main mechanisms of acquired resistance (31, 32). It is known that BTKi-refractory WM cases represent a subgroup of patients with unfavorable prognosis and limited treatment options, as shown in several real-world studies. These patients, therefore, are the one that might benefit the most by the use of novel compounds, such as non-covalent BTKi, Bcl2 inhibitors or BTK degraders (33).

In the relapsed setting, the efficacy of Zanubrutinib was tested in the ASPEN trial (30) (Table 1).


Table 1 | Ongoing and concluded trials with novel treatment approaches in WM.



In cohort 1 of the ASPEN trial, 201 patients with treatment-naïve and relapsed/refractory MYD88L265P WM were randomized to receive either Zanubrutinib or Ibrutinib. The CXCR4 mutational status was comparable between the two groups. The results showed that the overall response rate (ORR) was 94% for Zanubrutinib and 95% for Ibrutinib, while the major response rate (MRR) was 80% and 81%, respectively, showing similar efficacy between the two agents. However, Zanubrutinib demonstrated a higher proportion of very good partial responses (VGPRs) (36%) compared to Ibrutinib (25%). Regarding safety, Grade 3/4 hypertension was more common in patients on Ibrutinib (11% vs. 6%), as well as infections (9% vs. 1%). On the other hand, neutropenia occurred more frequently in patients treated with Zanubrutinib (20% vs. 9%). No other significant safety differences were observed between the two agents. These findings suggest that both Zanubrutinib and Ibrutinib are highly effective in treating WM cases harboring MYD88 mutation, with Zanubrutinib offering a higher rate of VGPRs and a potentially better safety profile overall.

In cohort 2 of the ASPEN trial, Zanubrutinib demonstrated significant activity in patients with MYD88WT (wild-type) WM. The overall response rate (ORR) was 81%, and the major response rate (MRR) was 65%. Notably, 30% of patients with MYD88WT achieved a very good partial response (VGPR). These results highlight that Zanubrutinib is also effective in MYD88WT WM patients, providing meaningful clinical responses similar to those seen in MYD88MUT cases (9, 30). Furthermore, a subsequent biomarker analysis demonstrated superior efficacy in terms of PFS and MRR, in the TP53MUT R/R WM cohort treated with Zanubrutinib vs Ibrutinib (14).

Moving beyond the first generation of BTKi, acalabrutinib was tested in 92 relapsed/refractory (R/R) WM patients, with a median of 2 prior lines of therapy. The treatment demonstrated a 2-year progression-free survival (PFS) rate of 82%. The most frequent adverse events observed were infections of grade 3 or higher (25%), G3 neutropenia (16%), bleeding and cardiovascular events (5%) (37).

The significantly high rate of adverse events associated with first generation BTKi have led Shadman et al. to explore the potential role of Zanubrutinib after Ibrutinib as alternative BTKi, so that the treatment with a BTKi could continue while minimizing toxicities. The study highlighted the main reasons for Ibrutinib treatment discontinuation, including fatigue, arthralgia, hypertension, rash, and atrial fibrillation, which were the most commonly reported adverse events. Remarkably, these issues did not recur after patients switched to Zanubrutinib. Furthermore, Zanubrutinib therapy was able to maintain disease control in 93.8% of the cohort, suggesting that it could serve as a viable alternative treatment for those patients who are intolerant to Ibrutinib or Acalabrutinib, thus allowing to continue efficacious BTK-targeting with fewer side effects (43).

Orelabrutinib, another covalent BTKi, has demonstrated very promising results in a study after a median 1-year follow-up, with an Overall Response Rate (ORR) of 90.3% and a Major Response Rate (MRR) of 81.5%. The median duration of major response has not yet been reached but sustained responses were observed in 91.6% of patients at 12 months. Regarding the safety profile, the most frequent Grade 3 adverse events (AEs) were hematological toxicities, occurring in 17% of patients, mainly thrombocytopenia and neutropenia. Additionally, cataracts and pneumonia were reported, each in 4.3% of patients. The trial involved adult patients with relapsed/refractory WM who had adequate organ function and blood counts. Patients who had previously received BTKi, PI3K inhibitors, Syk inhibitors, or BCL2 inhibitors were excluded from the study. The median number of prior lines of therapy for these patients was 1 (30/47 patients) (38).

Tirabrutinib, a second-generation covalent BTKi, offers greater selectivity compared to Ibrutinib. Sekiguchi et al. conducted a multicenter, phase II study to evaluate its efficacy in treatment-naïve or relapsed/refractory WM patients. Patients were excluded if they had previously received another BTKi with a median of 2 prior lines reported. The study demonstrated impressive results with an ORR of 96.3% and MRR of 88.9%, meeting the primary endpoint despite the relatively short follow-up period of 30–35 weeks. Grade 3 adverse events (AEs) were primarily hematological, with neutropenia and leucopenia being the most commonly observed. Notably, 12 out of 27 patients in the cohort discontinued treatment due to AEs, most of which were skin-related (though not exceeding Grade 3 severity) (39).

The role of these latter two compounds in the current therapeutic algorithm is still under investigation. Since they were not tested in patients previously exposed to BTKi, and the follow-up is relatively short, it’s difficult to draw definitive conclusions regarding their long-term efficacy and safety. Further studies and extended follow-up are needed to better understand their place in treatment strategies for WM patients especially when BTKi exposed.




4.1.2 Future perspectives in BTK inhibition

Non-covalent BTKi bind to their target independently from the C481 site, offering a potential alternative for patients who become resistant to covalent BTKi due to C481 mutations. The Phase 1/2 BRUIN trial evaluated the efficacy of Pirtobrutinib, a non-covalent BTKi, in previously treated B-cell malignancies, including 26 patients with WM. The eligibility criteria required patients exposed at least two prior lines of therapy, with 18 out of the 26 having previously been treated with a covalent BTKi. The overall response rate (ORR) in the WM sub-population was 68% and the response seemed to be influenced by a prior exposure to BTKi. Pirtrobrutinib demonstrated a very favorable safety profile, with a lower rates of class-specific toxicities, particularly atrial arrhythmias and major bleeding as compared to covalent BTKi. This makes Pirtobrutinib a promising option for patients with covalent BTKi resistance, especially those harboring mutations at C481 site (44).

Ongoing trials are exploring the potential of novel BTKi compounds, including Nemtabrutinib, an orally bioavailable, non-covalent BTKi. A first-in-human Phase I study, conducted by Woyach et al. (NCT03162536), has demonstrated its favorable safety profile and preliminary efficacy in relapse/refractory B-cell malignancies (45). Further studies are needed to define its role in WM, particularly in patients with prior BTKi exposure or resistance to covalent BTKi. A Phase II trial (NCT04728893) is currently ongoing to evaluate the efficacy and safety on Nemtabrutinib in B-cell malignancies, including relapsed/refractory WM, in patients previously exposed to chemoimmunotherapy and BTKi (46). The results of this study will help clarify Nemtabrutinib’s role in BTKi-resistant WM cases and its potential as an alternative therapeutic option. Table 2.


Table 2 | Ongoing trials.



BGB-16673 is a novel molecule designed to degrade BTK by binding both BTK and E3 ligase, leading to BTK degradation through ubiquitination. In preclinical models it has demonstrated activity against both wild-type BTK and BTKi resistant mutant proteins, including those resistant to covalent and non-covalent BTKi. A first-in-human phase I/II trial, CaDAnCe-101, is currently ongoing to evaluate its safety, tolerability and optimal dosing in patients with relapsed/refractory B-cell malignancies, including WM. Eligible patients must have relapsed WM with at least 2 prior lines of therapy, including an anti-CD20 antibody and a covalent BTKi. Preliminary data, presented at the 2024 ASH meeting and, more recently, at EHA 2025 and 18-ICML meetings (47), included a cohort of 22 patients with a median age of 73 (range: 56–81 years) and a median number of prior therapy lines of 3.5 (range: 2-11) (48). In terms of safety and tolerability, 95% of patients experienced any-grade treatment-emergent adverse events (TEAEs). The most frequent grade 3 or higher AE was neutropenia (23%), while bruises and diarrhea were common but of lesser severity. Severe but rare AEs included three cases of grade 3 or higher infections and two deaths related to disease progression. Notably, no patients experienced atrial fibrillation, hypertension, febrile neutropenia or major hemorrhage, which are commonly associated with BTKi. Regarding efficacy, 21 patients received enough therapy to be response-evaluable, achieving an ORR of 90% and a MRR of 81%, suggesting strong antitumor activity with an acceptable safety profile. These early findings suggest promising activity, and further results will determine its potential role in the WM treatment landscape.




4.1.3 BCL2 inhibitors

Venetoclax, an oral BCL2i, is a well-established therapeutic option for chronic lymphocytic leukemia (CLL) and acute myeloid leukemia (AML). However, its role in other B-cell malignancies, including WM, remains to be fully defined. Castillo et al. conducted a multicenter, prospective phase II trial (NCT02677324) to evaluate the safety and the efficacy of Venetoclax monotherapy in relapsed/refractory WM (41). The study included 32 patients, 16 of whom had prior exposure to BTKis. All patients in the study had MYD88MUT and 17 were also CXCR4MUT. Venetoclax was administered orally at a daily dose of 800 mg for 2 years, with an initial ramp-up phase. The ORR and MRR were 84% and 81%, respectively, with lower response rates observed in refractory patients compared to those who had relapsed, as well as in individuals who had undergone extensive prior treatment (≥ 3 lines of therapy). Prior exposure to covalent BTKi was associated with a longer time to response (4.5 vs 1.4 months). The most common G3 or higher AE was neutropenia, occurring in 45% of patients.

Sonrotoclax is a second-generation BCL2i that has demonstrated the ability to overcome the G101V mutation in BCL2, showing higher selectivity in patients with chronic lymphocytic leukemia (49). This agent has demonstrated a favorable safety profile across all dose levels and strong antitumor efficacy in preliminary data from a phase 1 study conducted by Soumerai et al. (54) Currently, a phase 2 study (NCT05952037) is underway to evaluate the safety and efficacy of Sonrotoclax monotherapy in relapsed/refractory WM (55). Notably, patients with prior exposure to BCL2i were excluded from this study.





4.2 Combination therapies

Unlike in CLL, the combination of BTKi and BCL2i is not yet approved for use in WM. A Phase II trial (NCT05734495) led by Castillo et al. is currently enrolling patients to evaluate the efficacy and safety of a fixed-duration therapy combining Pirtobrutinib and Venetoclax in previously treated WM (40). The treatment schedule includes one cycle of Pirtobrutinib monotherapy, followed by a ramp-up phase of Venetoclax starting in cycle 2, with full-dose combination therapy administered from cycle 3 to 24. Preliminary data presented at the 2024 ASH meeting showed promising results in a cohort of 16 patients, with a median age of 67 years and a median of one prior line of treatment. Regarding disease characteristics, 14 patients were MYD88MUT, 6 were CXCR4MUT and 1 was TP53MUT. With a median follow-up of 6 months (range: 3-12), the ORR was 100%, including 9 VGPR, 5 PR and 2 mR. Lower VGPR rates were observed in patients with CXCR4MUT or prior BTKi exposure. Disease progression occurred in two patients within the first 6 months, both with MYD88WT WM. Regarding safety, no arrhythmias have been reported to date, and no severe cardiac events have been described. While the combination of targeted therapies represents a promising approach in WM, the overall safety profile remains to be fully characterized.




4.3 Proteasome and PI3K inhibitors

Another approach under investigation is related to the usage of alternative proteasome inhibitors instead of bortezomib with the aim to spare neurotoxicity such as the combination of Ixazomib, Rituximab, Dexamethasone.

This regimen was evaluated in a relapsed WM setting between 2015 and 2019, involving 59 patients with a median of two prior lines of therapy. Ixazomib was administered for eight cycles, while Rituximab was maintained for two years. At one-year follow up, the ORR was 85%, while at two years, the PFS and OS rates were 56% and 88%, respectively. The toxicity profile was generally acceptable, with grade 3 infections occurring in 5% of patients and grade 3 neuropathy in 7% of them. Overall, only 25 patients concluded the full treatment course (35).

PI3K/Akt/mTOR pathway and its role in the lymphomagenesis has led to the conceiving of a trial using Idealalisib in combination with the anti-CD20 monoclonal antibody Obinutuzumab. This phase II clinical trial enrolled 49 patients between 2017 and 2018, with Obinutuzumab administered for six cycles and Idelilasib given twice daily for up to two years. Most patients had received only one prior line of treatment, with limited prior exposure to cBTKI (only three patients). The cohort had unfavorable genetic features, with 56% of cases harboring CXCR4MUT and 24% TP53MUT. At six months, the ORR was 71%, while the two-year PFS rate and OS rates were 55% and 90%, respectively. However, only 9 patients completed maintenance therapy, primarily due to grade 3–4 toxicities including hematologic adverse events (21%), and non-hematologic toxicities (24%), notably diarrhea and hepatic cytolysis (36).




4.4 Immunotherapy based clinical trials



4.4.1 Checkpoint inhibitors

Ansell, Jalali and colleagues studied the PD-1/PD-L1 axis in WM highlighting its regulatory role in the tumor microenvironment and its potential as a therapeutic target (56).

In this regard the UK group recently conducted a Phase II clinical trial evaluating a combination of Pembrolizumab and Rituximab in heavily pretreated WM patients (median of three prior lines), including 71% who were refractory to cBTKi. The treatment followed a 3-week cycle, allowing up to 18 cycles. Among the 17 enrolled patients, 12 discontinued therapies, primarily due to disease progression (6/12) and adverse events (3/12). The median follow up was of 27 months. At six months, the ORR was 47%, but the PFS rate dropped significantly to 19.4% by the second year. Adverse events occurred in 94% of patients, with 77% experiencing grade 3 events—most commonly infections (29%)—though no autoimmune complications were reported (34).




4.4.2 T-cell engagers: CAR-T and bispecific antibodies

Regarding CD19-directed CAR-T cell therapies which have shown strong efficacy in other NHL subtypes are now being tested also in WM; specifically a phase II study (ZUMA-25) evaluates the efficacy of Brexucabtagene Autoleucel in rare B-cell malignancies including WM but results are not available yet (52). In addition, at the 2023 ASH meeting, Shadman et al. presented preliminary data on MB-106, a third-generation CD20-directed CAR-T therapy, for the treatment of R/R indolent NHL. At the time of abstract presentation, the study had enrolled only one patient with WM and two with follicular lymphoma (FL), all of whom were heavily pretreated, with a median of 5.5 prior lines of therapy. Given the limited sample size, it is too early to draw conclusions regarding safety and efficacy. However, dose escalation is ongoing to establish the recommended phase 2 dose for a planned pivotal trial in WM (53).

Finally, as for other T-cell engagers, Epcoritamab is now being tested in a prospective phase II trial to determine its efficacy in previously treated WM (51).





4.5 Antibody drug conjugates

Preliminary results on the role of Loncastuximab Tesirine, an anti-CD19 antibody drug-conjugate, in the treatment of R/R WM were presented at the 2024 ASH meeting. A phase II trial (NCT05190705) conducted by Castillo et al. is currently enrolling patients with R/R WM who have undergone at least two prior lines of therapy, including rituximab and a BTKi. At the time of data presentation, 7 patients had been enrolled, with a median age of 70 years (range: 53-77) and a median of four prior lines of therapy (range: 2-5). All patients carried the MYD88MUT, while 6 out of 7 also had CXCR4MUT and 4 out of 7 had TP53MUT. The treatment regimen consists of six cycles, administered every 28 days. Thus far, four patients have completed all six cycles, two remain on therapy and one experienced disease progression after the first cycle. Among the six patients who did not progress, all achieved a response (3 VGPR, 3 PR), translating in an ORR of 86%. The safety profile was consistent with findings in other settings in which Loncastuximab Tesirine has been tested, with skin toxicity being the most common adverse event, followed by edema (including one G3 case), transient cytopenias and asymptomatic gGT elevation. Despite the short follow up period, these early results suggest promising efficacy in a small cohort of heavily pretreated patients with high-risk molecular features (50).




4.6 New compounds with novel mechanism of action

The relapsing nature of indolent lymphoproliferatives disorders, such as Waldenstrom Macroglobulinemia, underscores the need for novel therapeutic strategies—either through the development of next-generation agents targeting established pathways or the identification of new mechanisms to enhance treatment efficacy.

Iopofosine I-131 is a radiopharmaceutical consisting of a lipid raft-targeting phospholipid ether covalently bound to 131I, a beta-emitting radioisotope. A phase 2 trial conducted by Ailawadhi et al. evaluated its safety and efficacy in patients with previously treated WM (≥ 2 prior lines of therapy). The study enrolled 65 patients, with a median age of 70 years, and a median of four prior lines of therapy, 56% of whom were BTKi refractory. MYD88 and CXRC4 gene mutations were identified in 71% and 9% of cases, respectively. Preliminary results demonstrated an MRR of 56.4% and an ORR of 80%, with the median DOR not yet reached at a median follow-up of 8.8 months. The estimated 18-month PFS was 72%. Regarding safety, grade ≥3 adverse events were predominantly hematologic, with thrombocytopenia being the most frequent (80%), followed by neutropenia (including 10.8% febrile neutropenia) and anemia (42).




4.7 The role of stem cell transplantation in the era of novel drugs

A comprehensive analysis by Kyriakou et al. using data from the EBMT registry was conducted to assess the role of stem cell transplantation in WM management. From 2000 to 2021, a total of 772 patients with WM underwent autologous hematopoietic stem cell transplantation (HSCT), while 330 received allogeneic HSCT. The study highlighted the efficacy and safety of both approaches, with notably better outcomes observed in the autologous HSCT group. For patients receiving autologous HSCT, estimated overall survival (OS) rates at 2, 5, and 10 years were 89.4%, 70.4%, and 55.3%, respectively, with corresponding progression-free survival (PFS) rates of 68.2%, 46.9%, and 31.2%. In contrast, allogeneic HSCT resulted in lower OS rates of 62.9%, 54.0%, and 47.3%, and PFS rates of 58.7%, 44.6%, and 34.7% over the same time periods.

It is important to note that patients undergoing allogeneic HSCT were typically more heavily pretreated, with 68% having received three or more prior lines of therapy, including 21% who had previously failed auto-HSCT. The safety profile of the two approaches also differed significantly, with allogeneic HSCT being associated with complications such as acute and chronic graft-versus-host disease, which are absent in the autologous setting. Additionally, non-relapse mortality was considerably lower in the autologous HSCT cohort compared to the allogeneic group (7.1% versus 27.98% at 10 years, respectively) (57).

In conclusion, these findings sustain the role of autologous HSCT as a consolidative strategy only in very selected WM cases, highlighting the need for a precise patient choice followed by an appropriate risk stratification.





5 Conclusions: future perspectives for the management of relapsed/refractory WM

In this review, we provided an overview of novel therapeutic combinations in WM, with a focus on second-line and advanced treatment settings and emphasizing the evolving role of targeted therapies.

The growing body of evidence supports the efficacy and safety of next-generation covalent BTKi, along with the potential to transition from covalent to non-covalent BTKi to circumvent resistance mechanisms. These regimens not only offer durable disease control but also reduce hospitalization rates, despite requiring continuous administration until progression. As a result, long-term follow-up data on BTKi use in WM continue to yield promising and consistent outcomes. Similarly, BCL2i have demonstrated strong efficacy in relapsed/refractory WM, with a median follow-up of three years and an overall manageable safety profile. Given their complementary mechanisms of action, the combination of BTKi and BCL2i is now being explored, offering a synergistic therapeutic approach that may further improve treatment outcomes in this setting. On the other hand, the combination of targeted agents, for which the mechanisms of the synergistic/cooperative effects are not fully understood, may render difficult to unravel potential ways of resistance adopted by LPL/WM cells against the individual drugs.

A chemotherapy-free approach is generally preferred in the second line setting, as WM patients often experience relapse years after their initial treatment. With time, they may develop additional comorbidities and decreased fitness, making them less suitable for another exposure to chemotherapy. Also, it is recommended to reassess disease’s molecular status, especially seeking for TP53 mutations, as they may confer to the disease an intrinsic therapy-resistance. Nevertheless, in selected cases, chemoimmunotherapy may still be considered, particularly after a first-line BTKi-based regimen, depending on patients’ characteristics and specific disease manifestations (i.e. WM-related amyloidosis, renal involvement and/or need for rapid debulking). Unfortunately, there is limited data available on the sequencing of therapies in such cases, and real-world studies exploring this issue are needed. Furthermore, the new categorization of WM subtypes using multiomics approaches should be incorporated into clinical practice to better stratify patients based on their disease subtype and responsiveness to different therapies. In this regard, clinical trials or reanalysis of existing studies to assess drug responsiveness according to disease subtype are warranted.

In this complex landscape, the role and significance of monitoring minimal residual disease (MRD) remain controversial. Impressive MRD negativity rates have been observed in recent trials like ECWM-1, suggesting its potential utility in assessing responses in WM patients treated with therapies that do not follow a fixed-duration protocol. However, whether achieving MRD negativity early in the course of a typically indolent disease is clinically meaningful remains an open question. A clear standardization of MRD testing and interpretation needs to be completed, especially in the relapsed/refractory setting.

As previously mentioned, new target agents such as Iopofosine-131 and Loncastuximab Tesirine are showing promising efficacy, although follow-up times are not yet long enough to draw definitive conclusions. In this context, it remains uncertain whether targeting the microenvironment is a viable approach, given the poor tolerability and response outcomes associated with anti-PD1 therapies. Additionally, there is a paucity of data on T-cell engagement therapies and the results of ongoing clinical trials are eagerly awaited.

In this complex scenario, the EBMT registry data on ASCT in WM span a broad time frame (since 2000) and do not account for prior treatments with targeted therapies or immunotherapies. Stem cell transplantation should not be entirely excluded from the treatment options in WM but should be reserved for carefully selected, fit patients with multi-refractory and BTKi-exposed disease, particularly in centers with significant experience in HSCT, and only after achieving a satisfactory disease response.

In conclusion, while chemotherapy has not completely disappeared in the second line setting, the emerging combinations of second-generation inhibitors and/or non-covalent BTKi with targeted agents have the potential to significantly modify the treatment algorithm. Oral BCL2i represent a valid option in advanced lines, especially in patients with unfavorable molecular profiles or prior BTKi exposure. The role of MRD needs further exploration, with promising activity for the future, particularly with the widespread use of continuous therapies. In this setting, TP53 gene status reassessment and the search for BTK resistance mutations should be integrated, not only at the initial diagnosis but also at the time of first relapse focusing in BTKi-refractory patients (58).
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Hematological: 17%
Non hematologicl: 8.6% (masty cataracts

and preumonia)

29.6% (mosty neutropeniaand lecopeni)

No arhythmic cvents
Noother daa avaiabe

Hematologel 15%, mostly newtropenia

Newtropenia 69%
Thrombocytopenia 80%
nfections 126

TKi, Bruton yosine s nhibitors BCL2, BCL2 inhibiors ORR,avcll rsponse ot MRR,msor espose s FU, ol p: VGPR sy god sl resporses PR, partl responsc:

MR ki e
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BT, Bruton yrosine Kinase nhibiors; BCL2i, BCL2 inhiitors; ORR, overallrsponse rate.
MR, major response racs FU, folos ups VGPR, ery good parial responses PR, par
sespoase: MR, minr response.





