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Bispecific antibodies (bsAbs) are an emerging class of directed immunotherapies with established uses in certain hematological malignancies as well as an emerging role in the treatment of solid organ malignancy. These molecules are able to juxtapose T cells (in most cases) with target tumor cells, forming an immunological synapse. bsAbs are under extensive investigation in the treatment of B-cell non-Hodgkin lymphomas, with encouraging results in both the monotherapy and combination therapy settings. In this review we summarize the key toxicities associated with the use of lymphoma-targeting bsAbs: cytokine release syndrome, immune effector cell associated neurotoxicity syndrome, cytopenias, infections and immunosuppression as well as tumor lysis syndrome. While the toxicities are not insignificant, they are typically manageable and justifiable given the unmet medical need, especially in the case of relapsed or refractory disease.
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Introduction

The treatment of relapsed or refractory B-cell non-Hodgkin lymphoma (NHL) is a challenging but evolving field. The emergence of therapies which harness the immunological response, such as bispecific T- and NK-cell engagers as well as chimeric antigen receptor (CAR) T cells, has opened a new therapeutic frontier in the management of NHL. Nevertheless, the use of CAR-T cells has been limited by practical considerations such as availability, cost and toxicities.

Bispecific antibodies (bsAbs) are an emerging class of directed immunotherapies with established uses in certain hematological malignancies as well as an emerging role in the treatment of solid organ malignancy. Since the initial FDA approval of blinatumomab for use in acute lymphoblastic leukemia in 2014 (1), a number of agents have shown promise in clinical trials for the treatment of B-cell NHLs.

bsAbs are manufactured antibodies with dual specificity: for a target antigen on the tumor cell (e.g., CD19 or CD20) and for a target antigen on an effector cell (e.g., CD3 for T cells). These molecules are able to juxtapose T cells (in most cases) with target tumor cells, forming an immunological synapse while bypassing the need for the major histocompatibility complex (MHC)—T-cell receptor (TCR) interaction (2).

While the efficacy of these agents is outside the scope of this review, a number of safety concerns have been raised as class effects. In particular, the adverse effects of cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS) are seen with both bsAb and CAR-T cell therapies. Further safety concerns include cytopenias and infectious complications.

This review will aim to summarize and characterize the adverse effects associated with bsAb therapy in the treatment of lymphomas.



bsAbs approved for use in B-cell lymphoma

Modifications to the structure of bsAbs have advanced their safety, efficacy, and pharmacokinetic properties. Blinatumomab is composed of single chain variable fragments (scFVs) joined by a linking domain (3). The structure of blinatumomab results in rapid renal clearance, requiring it to be administered as a continuous IV infusion. Other bsAbs currently used in NHL (glofitamab, mosunetuzumab, epcoritamab, and odronextamab) have structures more similar to that of IgG and so have half-lives closer to that of endogenous IgG (4–7). Odronextamab is different amongst these for being of IgG4 subtype, while the remainder are IgG1.

The challenge of ensuring correct heterodimerisation during the manufacturing process has led to the use of several strategies. The use of the knobs-into-holes method (glofitamab, mosunetuzumab) (8), matched CH3 mutations (epcoritamab) (8) and point mutations ablating protein A binding (odronextamab) (9) allow for purification and pairing. All CD3xCD20 bsAbs in use have non-functional Fc regions. While there are insufficient data to draw definitive conclusions about the clinical implications of bsAb Fc domain functionality, a functional Fc receptor should be capable of signaling to antigen-presenting cells and so may induce antibody-dependent cellular cytotoxicity, however, this may also increase the potential for toxicity (10).

A further modification has been the incorporation of an additional anti-CD20 Fab moiety. This is designed to enhance avidity for B cells, and differentiates glofitamab from other bsAbs in use. A comparison of structural differences between CD3xCD20 bsAbs is provided in Table 1.


TABLE 1 Structural comparison of CD3xCD20 bsAbs.


	Drug
	Glofitamab
	Mosunetuzumab
	Epcoritamab
	Odronextamab





	Structure
	2:1 humanized IgG1
	Humanized IgG1
	IgG1-like
	Humanized IgG4
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	Fc segment
	Non-functional
	Non-functional
	Non-functional
	Non-functional



	Heavy chain pairing method
	Knob-into-hole
	Knob-into-hole
	Matched point mutations in CH3 domains
	Point mutations ablating protein A binding



	Administration
	IV
	IV
	Subcutaneous
	IV



	Target dose (RP2D)
	30 mg 3-weekly (11)
	60 mg 3-weekly (12)
	48 mg weekly (13)
	80–160 mg weekly (14)







Efficacy outcomes from major monotherapy studies of bsAbs are summarized in Table 2.


TABLE 2 Efficacy outcomes of CD3xCD20 bsAb monotherapy studies.


	Drug
	Study
	Disease
	n =
	ORR
	CR
	Median OS
	Median PFS
	Median follow-up (range)





	Glofitamab
	Rentsch et al. (15)
	DLBCL
	9
	67%
	44%
	N.R. (ND)
	161 d (ND)
	246 d (15-482)



	Birtas Atesoglu et al. (16)
	DLBCL
	46
	37%
	21%
	8.8 m (95% CI 4.85–12.89)
	3.3 m (95% CI 2.34–4.35)
	5.7 m (0.3–14.19)



	Sesques et al. (17)
	B-NHL
	63
	ND
	DLBCL: 36.4%
Other*: 52.6%
	DLBCL: 17.6 m (90% CI 8.3–19.7)
Other*: NR
(90% CI 4.6–NR)
	DLBCL: 4.9 m (95% CI 2.6–19.7)
Other*: 4.1m
(95% CI 1.4–NR)
	DLBCL: 9.7 m (95% CI 8.1–11.8)
Other*: ND



	Hutchings et al.† (18)
	B-NHL
	35
	65.7%
	57.1%
	ND
	ND
	ND



	Dickinson et al. (19)
	DLBCL
	154
	52%
	39%
	ND
	4.9 m (95% CI 3.4–8.1)
	12.6 m (0.1–22.1)



	Phillips et al. (20)
	MCL
	60
	85%
	78.3%
	29.9 m (95% CI 17.0–NE)
	16.8 m (95% CI 8.9–21.6)
	19.6 m (0–39)



	Haynes et al. (21)
	NHL
	142
	61%
	27%
	ND
	ND
	6.1 m (IQR 2.5–9.1)



	Brooks et al. (22)
	LBCL
	70
	53%
	25%
	7.2 m (95% CI 6.1–NR)
	2.7 m (95% CI 2.0–3.9)
	5 m (ND)



	Tong et al. (23)
	DLBCL/HGBL
	28
	62.5%
	25%
	NR (ND)
	NR (ND)
	3 m (ND)



	Mosunetuzumab
	Budde et al. (12)
	FL
	90
	80%
	60%
	NR (NR – NR)
	17.9 m (95% CI 10.1–NR)
	18.3 m (IQR 13.9–23.3)



	Bartlett et al. (24)
	DLBCL
	88
	42%
	23.9%
	11.5 m (95% CI 9.0–16.4)
	3.2 m (95% CI 2.2–5.3)
	10.1 m (ND)



	Epcoritamab
	Thieblemont et al. (25)
	LBCL
	157
	63.1%
	38.9%
	18.5 m (95% CI 11.7–27.7)
	4.4 m (95% CI 3.0–8.8)
	25.1 m (95% CI 24.0–26.0)



	Izutsu et al. (26)
	B-NHL
	9
	55.6%
	44.4%
	ND
	ND
	14.9 (ND)



	Izutsu et al. (26)
	DLBCL
	36
	55.6%
	44.4%
	NR (95% CI 8.1–NR)
	4.1 m (95% CI 0.5–NR)
	8.4 m (95% CI 6.5–11.2)



	Haynes et al. (21)
	NHL
	38
	ND
	26%
	ND
	ND
	6.5 m (IQR 1.5 – 8.5)



	Brooks et al. (22)
	LBCL
	139
	49%
	23%
	7.2 m (95% CI 6.1–NR)
	2.7 m (95% CI 2.0–3.9)
	5 m (ND)



	Odronextamab
	Bannerji et al. (14)
	B-NHL
	145
	51%
	37%
	ND
	FL: 17.1 m (95% CI 7.5–NE)
DLBCL, no prior CAR-T:
11.5 m (95% CI 0.5–NE)
DLBCL, prior CAR-T:
2 m (95% CI 0.9–5.3)

	4.2 m (IQR 1.5–11.5)



	Ayyappan et al. (27)
	DLBCL
	141
	52%
	31%
	ND
	ND
	26.2 m (ND)



	Kim et al. (28)
	FL
	128
	80%
	73%
	NR (ND)
	20.7 m (ND)
	20.1 (ND)






ND, no data. NR, not reached. *Other, follicular lymphoma, mantle cell lymphoma, transformed follicular lymphoma, transformed marginal zone lymphoma, primary mediastinal B cell lymphoma, transformed Waldenstrom macroglobulinaemia.

†Safety-evaluable (RP2D) cohort.





Cytokine release syndrome

CRS has been a long-recognized complication of immune effector cell engaging therapies (bsAbs and CAR-T cells) in which unintended, hyperinflammatory responses result from exposure to therapy. CRS may occur soon after drug administration but may also be delayed by hours or even days to weeks (29). The clinical presentation is primarily characterized by fever, with or without other features such as hypoxia, and hypotension. CRS can progress to multiorgan failure and can range in severity from mild to life-threatening (30). The CRS associated with bsAbs typically occurs relatively shortly after the time of infusion, as opposed to with CAR-T cells where this may present later, at the time of CAR-T cell expansion (31).

CRS is caused by the excessive release of inflammatory cytokines from hyperactivation of both lymphoid and myeloid cellular components of the immune system. Key mediators include interleukins (IL)-1 and -6, tumor necrosis factor (TNF)-α, and interferon (IFN)-γ, however, numerous other cytokines have also been implicated (32). IL-1 and IL-6 are the targets of therapeutic intervention with treatments such as anakinra and tocilizumab, respectively.

CRS is also a recognized complication of a number of immunotherapies that do not directly engage the immune effector cell such as the monoclonal antibodies e.g., rituximab (33) and alemtuzumab (34), as well as with checkpoint inhibitors (35). There is significant overlap in clinical presentation and pathophysiology between CRS and other hyperinflammatory conditions such as haemophagocytic lymphohistiocytosis (36), engraftment syndrome (37), and immune reconstitution inflammatory syndrome (38) as well as certain infections including SARS-CoV-19 (39).

Several clinicopathological scores have been developed for the assessment and grading of CRS (30, 40, 41). Earlier scoring systems, including previous editions of the Common Terminology Criteria for Adverse Events (CTCAE), used criteria incorporating cessation of infusion, however, the 2017 CTCAE update removed this criterion due to an increased appreciation of delayed CRS. While this grading system is commonly used for CRS associated with bsAbs, a separate system proposed by the American Society for Transplantation and Cellular Therapies is used for grading CAR-T-associated CRS (41).

Management of CRS associated with bsAbs depends on severity. Supportive measures are utilized to some degree in all cases, depending on grade, and may include antipyretics, intravenous fluids, supplemental oxygen and vasopressor support. In cases of grade 2 or higher CRS or prolonged fevers, treatment with tocilizumab (IL-6 blockade) with or without dexamethasone is warranted. Refractory cases can be treated with alternative IL-6 blockade (siltuximab) or IL-1 blockade (anakinra) (42). Furthermore, given the undifferentiated nature of fever, concurrent empiric management for sepsis is usually warranted.

In order to reduce the incidence and severity of CRS, the practice of “step-up dosing” whereby increasing doses are administered over time has become ubiquitous in the administration of bsAbs (43). The risk of developing CRS varies between cycles, with odronextamab and glofitamab studies demonstrating the highest incidence of CRS with initial dosing, while epcoritamab and mosunetuzumab having higher incidence following full-dose treatment (14, 44).

While comparative studies are lacking, the use of subcutaneous dosing of mosunetuzumab has shown promisingly low rates of CRS in a recent study, suggesting that the route of administration may be of relevance (45). In addition, it has been demonstrated that premedication with dexamethasone may reduce the risk of CRS when compared with other corticosteroids such as prednisolone or methylprednisolone (46).

Nine studies have investigated the use of glofitamab as monotherapy to date, with a total of 607 patients included (15–23). All of these studies investigated relapsed or refractory lymphoma, either diffuse large B-cell lymphoma, mantle cell lymphoma, or B-cell non-Hodgkin lymphoma more broadly. All studies used pre-treatment obinutuzumab, and used a “step-up dosing” schedule for glofitamab. Of note, Phillips et al. (20) compared two fixed doses of obinutuzumab before glofitamab. The 2,000 mg obinutuzumab dose resulted in a lower incidence and severity of CRS compared with the 1,000 mg dose (20).

Rates of CRS varied between studies, ranging from 14.3 (17) to 70% (20), noting some heterogeneity in the definition of CRS. In all studies grade 1–2 CRS made up the majority of overall CRS. In comparison to other studies, Birtas Atesoglu et al. (16) demonstrated low overall rates of CRS (27.9%), but higher proportions of higher grade CRS (Gr 1–2 16.6%, Gr 3–4 9.3% and Gr 5 2%). This real-world study was also notable for higher prior lines of therapy (median 4 vs. median 3 in other studies), and younger median age (54 yrs vs. 60–68 yrs) suggesting that patient selection differences may be of relevance.

Notably, two glofitamab studies investigated only patients who had received prior CAR-T cell therapy (15, 17), while one did not report this data (16) and in three studies, 60, 33 and 2.9% of patients had received prior CAR-T cells (18, 19, 21). In those with prior CAR-T exposure, CRS was seen in 22% (15) and 14.3% (17), while in Dickinson et al. (19) (33% prior exposure), CRS was seen in 63% of patients. In comparison, in Hutchings et al. (18) (2.9% prior exposure), CRS occurred in 57.9% of patients.

Mosunetuzumab has been studied in two monotherapy trials (12, 24) involving a total of 178 patients. These studies differed significantly by disease type studied, with Budde et al. (12) limited to follicular lymphoma and Bartlett et al. (24) limited to DLBCL. Nevertheless, both studies used comparable methodologies including corticosteroid pre-treatment and step-up dosing. Both studies were of relapsed disease with median 3 prior lines of therapy for both. CRS was reported in 44% in the FL study and 26.1% in the DLBCL study, with comparable rates of grades 1–2 CRS. A total of 29.5% of DLBCL patients, compared with 3% of FL patients had received prior CAR-T cell therapy.

Of note, Budde et al. (12) reported a single death due to haemophagocytic lymphohistiocytosis (HLH) on day 8 of treatment. While immune effector cell associated haemophagocytic syndrome (IEC-HS) is a recognized risk of CAR-T cell therapy, the risks of a similar syndrome with T cell-engaging bsAb therapy has not been established (47).

Four studies have investigated epcoritamab monotherapy (21, 22, 25, 26) in 179 patients. Thieblemont et al. (25) investigated R/R LBCL and demonstrated CRS in 51%, with 3.2% experiencing CRS grades 3–5. Izutsu et al. (26) incorporated a small (n = 9) dose escalation cohort involving patients with B-NHL, followed by a DLBCL-only expansion cohort, in which 83.3% experienced CRS overall, with 8.4% grades 3–5. Prior CAR-T had been used in 38.9% in Thieblemont et al. (25), and in 0% of the DLBCL-only cohort of Izutsu et al. (26).

Trials of odronextamab as monotherapy are ongoing, with encouraging and comparable results to other bsAbs. Preliminary analysis of the ELM-1 study by Bannerji et al. (14), which included 145 patients with mixed histology B-NHL, demonstrated 61% overall CRS rates (7% grades 3–5). Analysis of the DLBCL cohort of the ELM-2 study had similar results, with 55% CRS overall, and 1% grade 3–5 (27). Analysis of the FL cohort demonstrated 56% CRS overall, with 1.7% grade 3–5 (28).



Immune effector cell associated neurotoxicity syndrome

Immune effector cell associated neurotoxicity syndrome (ICANS) is another complication of immune effector cell engaging therapies which is being increasingly encountered with the more widespread use of CAR-T cell therapies. While neurological toxicities have been reported in association with other immunotherapies (48–50), ICANS itself is a specific complication of immune effector cell engaging therapies, i.e., bsAbs and CAR-T cell therapies. ICANS that occurs in the setting of CAR T-cell therapies is in general more frequent and severe than that related to bsAbs (51).

Understanding the pathophysiology of ICANS in the specific context of CD3xCD20 bsAb use is an evolving field. One proposed mechanism is that IL-1 mediates disruption of the blood-brain-barrier (BBB) through bystander monocyte activation, and that subsequent translocation of T cells across the BBB leads to inflammation within the central nervous system (CNS) (52). Additional mechanisms of neurotoxicity have been proposed, implicating other myeloid cells and cytokines, as well as endothelial activation (53). It is likely that a class effect is present, as all CD3xCD20 bsAb monotherapy studies have reported neurotoxicity, albeit at much lower rates and severities than with CAR-T cells and CD3xCD19 bsAbs (54). It has been hypothesized that this difference is at least in part due to CD19 expression on pericytes in the BBB which do not express CD20 (55).

The clinical features of ICANS are varied and range from dysgraphia, inattention and expressive aphasia to seizures, elevated intracranial pressure, reduced conscious state and focal motor findings. The initial onset of ICANS can be subtle, thus frequent monitoring and a high index of clinical suspicion is required. Grading of ICANS is based on the American Society for Transplantation and Cellular Therapy (ASTCT) consensus grading score, which incorporates the Immune Effector Cell-Associated Encephalopathy (ICE) score (41) that was developed in the context of CAR-T cell therapy but that is commonly applied in the context of bsAbs. The ICE score is a 10-point scoring system which assesses patients for features of encephalopathy including orientation, naming of objects, ability to follow commands, writing, and attention. Other features assessed in the ASTCT grading include overall level of consciousness, seizures, motor findings and elevated intracranial pressure/cerebral oedema.

Treatment of ICANS is dependent on severity. In the case of bsAbs, pausing or discontinuing the infusion when possible (guided by severity) to allow for the resolution of ICANS features is an important aspect of management. The mainstay of treatment for ICANS is with glucocorticoids that penetrate the CNS such as dexamethasone and methylprednisolone. Due to tocilizumab’s limited CNS penetration it does not have a role in ICANS treatment, excepting when there is concurrent CRS (56). IL-1 blockade with anakinra has shown activity in severe, steroid-refractory ICANS in CAR-T trials and can be used in similar circumstances on a case-by-case basis in the context of bsAbs (57).

The incidence of ICANS-like events in CD3xCD20 bsAb trials has been difficult to establish given the significant heterogeneity in reporting. Nevertheless, ICANS appears to be a rare phenomenon in the setting of bsAbs, and overall appears to be predominantly of grade 1–2 severity.

Glofitamab monotherapy studies have all reported on neurological toxicity, rates of which have ranged from 0 to 8% overall, with grade 3–5 toxicity of 3% in the largest study (19). ICANS/neurological toxicity in mosunetuzumab has been reported as 2.2–3%, without any reported Gr > 2 toxicity. Epcoritamab monotherapy studies show ICANS of 0–10%, with one study (25) reporting one case of fatal ICANS. The three studies investigating odronextamab demonstrated ICANS/ICANS-like events in 0, 1.7, and 12% of cases, with Bannerji et al. (14) reporting 3% rate of Gr 3–5 ICANS-like events. It is important to note that the definition of neurotoxicity is heterogeneous between studies, with a minority of studies referring to the ASTCT definition.

Overall, there appears to be a modest correlation between the reported rates of CRS and ICANS. This is consistent with CAR-T data in which the development of ICANS is typically preceded by CRS (58). Despite it being challenging to establish the rate of ICANS-like features in the setting of different bsAbs, these appear to be low. There is also significant overlap between the treatment of CRS (which is more common) and ICANS, which may further obscure the true rate of neurological toxicity. Rates of CRS and ICANS are summarised in Table 3.


TABLE 3 CRS and ICANS incidence.


	Drug
	Study
	Disease
	n =
	Prior CAR-T
	CRS, all grade
	CRS, Gr 1–2
	CRS, Gr 3–5
	ICANS, all grade
	ICANS, Gr 1–2
	ICANS, Gr 3–5





	Glofitamab
	Rentsch et al. (15)
	DLBCL
	9
	100%
	22%
	22%
	0%
	0%#
	0%
	0%



	Birtas Atesoglu et al. (16)
	DLBCL
	46
	ND
	27.9%
	16.6%
	11.3%
	3%#
	3%
	0%



	Sesques et al. (17)
	B-NHL
	63
	100%
	14.3%
	14.3%
	0%
	3.2%#
	3.2%
	0%



	Hutchings et al.† (18)
	B-NHL
	35
	2.9%
	37.1%
	31.4%
	5.7%
	5.7%*
	5.7%
	0%



	Dickinson et al. (19)
	DLBCL
	154
	33%
	63%
	59%
	4%
	8%*
	5%
	3%



	Phillips et al. (20)
	MCL
	60
	3.3%
	70%
	58.4%
	11.6%
	11.7%∧
	11.6%
	0%



	Haynes et al. (21)
	NHL
	142
	60%
	33%
	29%
	4%
	4%
	3%
	1%



	Brooks et al. (22)
	LBCL
	70
	ND
	28.6%
	28.6%
	0%
	7.1%
	5.7%
	1.4%



	Tong et al. (23)
	DLBCL/HGBL
	28
	21.4%
	39.3%
	32.2&
	7.1%
	ND
	ND
	3.6%



	Mosunetuzumab
	Budde et al. (12)
	FL
	90
	3%
	44%
	42%
	2%
	3%∧
	3%
	0%



	Bartlett et al. (24)
	DLBCL
	88
	29.5%
	26.1%
	23.8%
	2.3%
	2.2%*
	2.2%
	0%



	Epcoritamab
	Thieblemont et al. (25)
	LBCL
	157
	38.9%
	51%
	47.8%
	3.2%
	6.4%∧
	5.8%
	0.6%



	Izutsu et al. (26)
	B-NHL
	9
	22.2%
	88.9%
	77.8%
	11.1%
	0%∧
	0%
	0%



	Izutsu et al. (26)
	DLBCL
	36
	0%
	83.3%
	75%
	8.4%
	2.8%∧
	2.8%
	0%



	Haynes et al. (21)
	NHL
	38
	ND
	33%
	33%
	0%
	10%
	7%
	3%



	Brooks et al. (22)
	LBCL
	139
	ND
	51.1%
	44.6%
	6.5%
	13.7%
	10.1%
	3.6%



	Odronextamab
	Bannerji et al. (14)
	B-NHL
	145
	29%
	61%
	54%
	7%
	12%*
	9%
	3%



	Ayyappan et al. (27)
	DLBCL
	141
	ND
	55%
	54%
	1%
	0%∧
	0%
	0%



	Kim et al. (28)
	FL
	128
	ND
	56%
	54.3%
	1.7%
	0.8%
	0.8%
	0%






ND, no data.

†Safety-evaluable (RP2D) cohort. ∧ASTCT or investigator defined as ICANS. #Neurotoxicity, unknown grading system. *CTCAE terms consistent with ICANS/ICANS-like events/potentially consistent with ICANS.






Cytopenias

Cytopenias are frequently observed complications of bsAb therapy. The mechanisms by which these emerge are not well-established. Incidence is summarised in Table 4.


TABLE 4 Incidence of cytopenias.


	Drug
	Study
	Disease
	n =
	Anemia, all grade
	Anemia, Gr 3–5
	Thromboc-ytopenia, all grade
	Thromboc-ytopenia, Gr 3–5
	Neutro-penia, all grade
	Neutro-penia, Gr 3–5





	Glofitamab
	Rentsch et al. (15)
	DLBCL
	9
	11%
	11%
	11%
	11%
	33%
	22%



	Birtas Atesoglu et al. (16)
	DLBCL
	46
	38.1%
	19%
	28.6%
	19%
	41.5%
	23%



	Sesques et al. (17)
	B-NHL
	63
	ND
	11.1%
	ND
	11.1%
	ND
	33.3%



	Hutchings et al.† (18)
	B-NHL
	35
	0%
	0%
	ND
	8.6%
	ND
	25.7%



	Dickinson et al. (19)
	DLBCL
	154
	31%
	6%
	25%
	8%
	38%
	27%



	Phillips et al. (20)
	MCL
	60
	26.7%
	11.7%
	16.7%
	10%
	38.3%
	23.3%



	Haynes et al. (21)
	NHL
	142
	ND
	ND
	ND
	ND
	ND
	22%



	Brooks et al. (22)
	LBCL
	70
	ND
	ND
	ND
	ND
	ND
	ND



	Tong et al. (23)
	DLBCL/HGBL
	28
	ND
	ND
	ND
	ND
	ND
	ND



	Mosunetuzumab
	Budde et al. (12)
	FL
	90
	13%
	8%
	10%
	4%
	29%
	26%



	Bartlett et al. (24)
	DLBCL
	88
	17%
	9.1%
	ND
	ND
	27.3%
	21.6%



	Epcoritamab
	Thieblemont et al. (25)
	LBCL
	157
	21%
	21.1%
	12.1%
	5.1%
	23.6%
	16.6%



	Izutsu et al. (26)
	B-NHL
	9
	ND
	ND
	ND
	ND
	ND
	ND



	Izutsu et al. (26)
	DLBCL
	36
	11.1%
	8.3%
	22.2%
	13.9%
	38.9%
	38.9%



	Haynes et al. (21)
	NHL
	38
	ND
	ND
	ND
	ND
	ND
	ND



	Brooks et al. (22)
	LBCL
	139
	ND
	ND
	ND
	ND
	ND
	ND



	Odronextamab
	Bannerji et al. (14)
	B-NHL
	145
	28%
	25%
	28%
	14%
	25%
	19%



	Ayyappan et al. (27)
	DLBCL
	141
	43%
	ND
	ND
	ND
	ND
	ND



	Kim et al. (28)
	FL
	128
	33.6%
	12%
	ND
	ND
	39.1%
	32%






†Safety-evaluable (RP2D) cohort. ND, no data.




The management of cytopenias is supportive and may include the use of transfusions, granulocyte colony stimulating factors, and thrombopoietin mimetics. The use of stored, autologous haematopoietic stem cell infusions has shown promise in patients with prolonged cytopenias following CAR-T cell therapy and may represent a viable option in selected patients following bsAb treatment (47). Temporarily withholding therapy can be considered, however, this risks losing disease control. It is also important to exclude other causes of cytopenias such as progressive disease.



Infections and immunosuppression

Infectious complications have been variably noted across bsAb monotherapy studies. Ten studies reported overall infection rates, including all the CD3xCD20 bsAbs discussed above (11–15, 19–21, 26, 28). Budde et al. (12) study of mosunetuzumab in follicular lymphoma demonstrated the lowest rates of infection overall (20%), with higher rates (38–79.7%) in the other trials. Of note, febrile neutropenia was relatively rare, with rates of 0–5.7% in the 5 trials which reported this complication. Due to the non-uniform nature of reporting amongst studies, comparisons between different types of infections are challenging to interpret. COVID-19 was the most frequently reported individual infection, noting that these studies were primarily recruiting during the global pandemic. Furthermore, the use of immunosuppressive medications such as tocilizumab and corticosteroids in the treatment of CRS and/or ICANS are likely to increase infection risk. Given the overlapping clinical features of infection and CRS, establishing the contribution of immunosuppressive medications to infectious risk is difficult, however, in the context of other inflammatory disorders this relationship is well-established (59, 60).

Other indicators of immunosuppression are less well documented. In particular, the rates of acquired hypogammaglobulinemia have not been reported in the relevant trials, although this is an increasingly recognized consequence of CD3xBCMA bsAbs used in multiple myeloma (61). While no guidelines currently exist for replacement of immunoglobulins in this context, we suggest using intravenous immunoglobulin as primary or secondary prophylaxis as per institutional policies for the treatment of secondary hypogammaglobulinaemia.

In addition, continuous bsAb therapy has been suggested to result in T-cell exhaustion. One study has demonstrating decreased T cell cytotoxicity, decreased production of proinflammatory cytokines and increased expression of T-cell exhaustion markers following continuous blinatumomab (CD3xCD19 bsAb) administration in B-ALL using an in vitro model (62). The impact of fixed-duration versus continuous therapy with bsAbs on long-term infection risk is uncertain but remains an area for future study.



Tumor lysis syndrome

Tumor lysis syndrome (TLS) is a recognized complication of bsAb therapy. TLS rates of 0–11% have been reported in the few studies that have published this outcome. In the studies which published the grading of TLS, all events were grades 3–5 (14, 19, 25, 26, 28). It is possible that the low rates of TLS are related to step-up dosing, or that pre-treatment with steroids and/or anti-CD20 monoclonal antibodies reduce the rate of TLS by debulking the tumor prior to bsAb exposure. As with other complications of bsAb use, factors which influence the development of TLS are likely to become clearer as larger studies are published. Clinicians should be aware that TLS is a possible complication and a risk-adapted approach to prevention, monitoring and management is recommended. TLS and infection rates are summarised in Table 5.


TABLE 5 Infection and TLS incidence.


	Drug
	Study
	Disease
	n =
	Median follow-up
	Infection, all grade
	Infection, Gr 3–5
	Febrile neutropenia, all grade
	Tumor lysis syndrome, all grade





	Glofitamab
	Rentsch et al. (15)
	DLBCL
	9
	246 d (15–482)
	44%
	ND
	ND
	11%



	Birtas Atesoglu et al. (16)
	DLBCL
	46
	5.7 m (0.3–14.19)
	ND
	ND
	ND
	ND



	Sesques et al. (17)
	B-NHL
	63
	DLBCL: 9.7 m (95% CI 8.1-11.8)
Other*: ND
	ND
	27%
	ND
	ND



	Hutchings et al.† (18)
	B-NHL
	35
	ND
	42.9%
	ND
	5.7%
	ND



	Dickinson et al. (19)
	DLBCL
	154
	12.6 m (0.1–22.1)
	38%
	ND
	ND
	1%



	Phillips et al. (20)
	MCL
	60
	19.6 m (0–39)
	73.3%
	35%
	ND
	ND



	Haynes et al. (21)
	NHL
	142
	6.1 m (IQR 2.5–9.1)
	45%
	ND
	ND
	ND



	Brooks et al. (22)
	LBCL
	70
	5 m (ND)
	ND
	ND
	ND
	ND



	Tong et al. (23)
	DLBCL/HGBL
	28
	3 m (ND)
	ND
	ND
	ND
	ND



	Mosunetuzumab
	Budde et al. (12)
	FL
	90
	18.3 m (IQR 13.9–23.3)
	20%
	14%
	0%
	ND



	Bartlett et al. (24)
	DLBCL
	88
	10.1 m (ND)
	ND
	12.5%
	5.7%
	0%



	Epcoritamab
	Thieblemont et al.* (13, 25)
	LBCL
	157
	25.1 m (95% CI 24.0–26.0)
	45.2%
	14.6%
	2.5%
	1.3%



	Izutsu et al. (26)
	B-NHL
	9
	14.9 (ND)
	ND
	ND
	ND
	11%



	Izutsu et al. (26)
	DLBCL
	36
	8.4 m (95% CI 6.5–11.2)
	44.4%
	19.4%
	2.8%
	ND



	Haynes et al. (21)
	NHL
	38
	6.5 m (IQR 1.5–8.5)
	ND
	ND
	ND
	ND



	Brooks et al. (22)
	LBCL
	139
	5 m (ND)
	ND
	ND
	ND
	ND



	Odronextamab
	Bannerji et al. (14)
	B-NHL
	145
	4.2 m (IQR 1.5–11.5)
	49%
	23%
	ND
	1%



	Ayyappan et al. (27)
	DLBCL
	141
	26.2 m (ND)
	ND
	37%
	ND
	ND



	Kim et al. (28)
	FL
	128
	20.1 (ND)
	79.7%
	42.2%
	ND
	0.8%






†Safety-evaluable (RP2D) cohort. *Data from initial dose expansion study and 2-year follow-up, published separately. ND, no data.







Discussion

The use of bsAb therapy represents a major step forward in the management of B-cell NHL, with promising efficacy reported for both high-grade and low-grade lymphomas. Of note, real-world studies are emerging, and at this time only those for glofitamab and epcoritamab are available for review. In addition to their efficacy, they are readily available as an off-the-shelf product. While the toxicities are not insignificant, they are typically manageable and justifiable given the often unmet medical need, especially in the case of relapsed or refractory disease. Physicians utilizing these therapies should be well-versed in the management of toxicities, in particular the toxicities of CRS and ICANS unique to immune effector cell-engaging immunotherapies. Although both autologous and allogeneic CAR-T therapies are becoming more widespread, bsAbs will likely play an important part in the therapeutic landscape into the future.

In addition to understanding the management of established toxicities of T cell-engaging bsAbs, there are numerous strategies to prevent or minimize complications. Currently, bsAb therapy is predominantly initiated in the inpatient setting, although outpatient administration is under investigation (63). While patients with lower metabolic tumor volume (MTV) experienced lower rates of CRS and ICANS in several CAR-T studies, it is not known if this is also the case in bsAb therapy (64, 65). Nevertheless, patient factors including MTV as well as age, performance status, and prior lines of therapy, may impact outcomes. The use of step-up dosing, as well as pre-treatment debulking therapies, were established to mitigate CRS risk (18) but likely also reduce TLS risk. As experience with T cell-engaging bsAb therapies grows, it is probable that further optimisation of step-up dosing schedules will be possible, including adaptive strategies for patients experiencing toxicities. The use of appropriate infection prevention strategies is vital, including the use of prophylactic antibiotics and antivirals as per institutional policies. Clinicians should ensure that patients are up-to-date with age-appropriate vaccinations, and practice effective environmental risk mitigation strategies.

The choice of time-limited versus continuous therapy is likely to affect the toxicity profile. Glofitamab and mosunetuzumab have been studied with time-limited schedules, while odronextamab and epcoritamab have used continuous dosing until disease progression or unacceptable toxicity. While both methods show encouraging efficacy, the choice between time-limited and continuous treatment would ideally be investigated in a randomized control trial of the same agent. The evaluation of response-adapted strategies, such as ctDNA MRD, warrants additional study.

Further investigation into the pathogenesis and optimal treatment of CRS and ICANS when using bsAbs is warranted. An understanding of the risk factors for these toxicities may assist in developing individualized treatment strategies for patients. The observation that CRS was less frequently seen in patients who had received prior CAR-T cell therapy raises several questions worthy of further study. Possible explanations could be the development of resistance mechanisms within lymphoma cells, exhaustion of host T cells, prior exposure to lymphodepleting chemotherapy, or the induction of immunological tolerance to certain off-target effects. This was investigated by Crochet et al. (66) who found that response to prior bsAb therapy did not predict response to CAR-T. In addition, a history of CRS with a bsAb did not predict CRS with subsequent CAR-T.

Furthermore, in our experience, hypogammaglobulinaemia can occur following bsAb therapy. It is unclear to what extent this is due to the effect of the treatment itself versus being reflective of a heavily pre-treated, immunosuppressed patient population. This has not been sufficiently investigated as of yet and so the measurement and reporting of hypogammaglobulinaemia and the use of intravenous immunoglobulin would be of value in future studies.

The focus of this review has been on describing the toxicities of bsAbs in the setting of lymphoma monotherapy studies. Importantly, bsAbs are currently being evaluated in combination with other anti-lymphoma therapies both in the frontline (e.g., NCT04914741) and relapsed/refractory settings (e.g., NCT06508658), as well as in different lymphoma subtypes such as mantle cell lymphoma (e.g., NCT06084936). Safety and efficacy data from such studies, as well as from the use of these therapies in other clinical contexts such as post-CAR-T cell therapy and as maintenance therapies, is currently still awaited.



Author contributions

CD: Writing – original draft, Writing – review & editing. CY: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

	1. FDA. FDA approves blinatumomab as consolidation for CD19-positive Philadelphia chromosome-negative B-cell precursor acute lymphoblastic leukemia. Silver Spring, MD: U.S. Food and Drug Administration (2014).

	2. Huehls A, Coupet T, Sentman C. Bispecific T-cell engagers for cancer immunotherapy. Immunol Cell Biol. (2015) 93:290–6. doi: 10.1038/icb.2014.93

	3. Mocquot P, Mossazadeh Y, Lapierre L, Pineau F, Despas F. The pharmacology of blinatumomab: State of the art on pharmacodynamics, pharmacokinetics, adverse drug reactions and evaluation in clinical trials. J Clin Pharm Ther. (2022) 47:1337–51. doi: 10.1111/jcpt.13741

	4. FDA. FDA accepts supplemental biologics license application for Genentech’s Columvi combination for people with relapsed or refractory diffuse large B-cell lymphoma: Genentech. Silver Spring, MD: U.S. Food and Drug Administration (2024).

	5. Nierengarten MB. FDA grants accelerated approval of mosunetuzumab for relapsed, refractory follicular lymphoma. Cancer. (2023) 129:1465–6. doi: 10.1002/cncr.34810

	6. FDA. FDA grants accelerated approval to epcoritamab-BYSP for relapsed or refractory follicular lymphoma. Silver Spring, MD: U.S. Food and Drug Administration (2024).

	7. Blair H. Odronextamab: First approval. Drugs. (2024) 84:1651–8. doi: 10.1007/s40265-024-02112-6

	8. Ridgway J, Presta L, Carter P. ‘Knobs-into-holes’ engineering of antibody CH3 domains for heavy chain heterodimerization. Protein Eng. (1996) 9:617–21. doi: 10.1093/protein/9.7.617

	9. Zwolak A, Leettola C, Tam S, Goulet D, Derebe M, Pardinas J, et al. Rapid purification of human bispecific antibodies via selective modulation of protein a binding. Sci Rep. (2017) 7:15521. doi: 10.1038/s41598-017-15748-0

	10. Schlothauer T, Herter S, Koller C, Grau-Richards S, Steinhart V, Spick C, et al. Novel human IgG1 and IgG4 Fc-engineered antibodies with completely abolished immune effector functions. Protein Eng Des Sel. (2016) 29:457–66. doi: 10.1093/protein/gzw040

	11. Hutchings M, Carlo-Stella C, Bachy E, Offner FC, Morschhauser F, Crump M, et al. Glofitamab step-up dosing induces high response rates in patients with hard-to-treat refractory or relapsed non-hodgkin lymphoma. Blood. (2020) 136:46–8. doi: 10.1182/blood-2020-136044

	12. Budde L, Sehn L, Matasar M, Schuster S, Assouline S, Giri P, et al. Safety and efficacy of mosunetuzumab, a bispecific antibody, in patients with relapsed or refractory follicular lymphoma: A single-arm, multicentre, phase 2 study. Lancet Oncol. (2022) 23:1055–65. doi: 10.1016/S1470-204500335-7

	13. Thieblemont C, Phillips T, Ghesquieres H, Cheah C, Clausen M, Cunningham D, et al. Epcoritamab, a novel, subcutaneous CD3xCD20 bispecific T-cell-engaging antibody, in relapsed or refractory large b-cell lymphoma: Dose expansion in a phase I/Ii trial. J Clin Oncol. (2023) 41:2238–47. doi: 10.1200/JCO.22.01725

	14. Bannerji R, Arnason J, Advani R, Brown J, Allan J, Ansell S, et al. Odronextamab, a human CD20×CD3 bispecific antibody in patients with CD20-positive B-cell malignancies (ELM-1): Results from the relapsed or refractory non-Hodgkin lymphoma cohort in a single-arm, multicentre, phase 1 trial. Lancet Haematol. (2022) 9:e327–39. doi: 10.1016/S2352-302600072-2

	15. Rentsch V, Seipel K, Banz Y, Wiedemann G, Porret N, Bacher U, et al. Glofitamab treatment in relapsed or refractory DLBCL after CAR T-cell therapy. Cancers (Basel). (2022) 14:2516. doi: 10.3390/cancers14102516

	16. Birtas Atesoglu E, Gulbas Z, Uzay A, Ozcan M, Ozkalemkas F, Dal M, et al. Glofitamab in relapsed/refractory diffuse large B-cell lymphoma: Real-world data. Hematol Oncol. (2023) 41:663–73. doi: 10.1002/hon.3174

	17. Sesques P, Houot R, Al Tabaa Y, Le Bras F, Ysebaert L, Jardin F, et al. Glofitamab monotherapy in patients with non-Hodgkin B-cell lymphoma after failing CAR T-cell infusion: Primary analysis of the Bicar study, a phase II Lysa study. Blood. (2023) 142:893–893. doi: 10.1182/blood-2023-177703

	18. Hutchings M, Morschhauser F, Iacoboni G, Carlo-Stella C, Offner F, Sureda A, et al. Glofitamab, a novel, bivalent CD20-targeting T-cell-engaging bispecific antibody, induces durable complete remissions in relapsed or refractory B-cell lymphoma: A phase I trial. J Clin Oncol. (2021) 39:1959–70. doi: 10.1200/JCO.20.03175

	19. Dickinson M, Carlo-Stella C, Morschhauser F, Bachy E, Corradini P, Iacoboni G, et al. Glofitamab for relapsed or refractory diffuse large B-cell lymphoma. N Engl J Med. (2022) 387:2220–31. doi: 10.1056/NEJMoa2206913

	20. Phillips T, Carlo-Stella C, Morschhauser F, Bachy E, Crump M, Trněný M, et al. Glofitamab in relapsed/refractory mantle cell lymphoma: Results from a phase I/II study. J Clin Oncol. (2025) 43:318–28. doi: 10.1200/JCO.23.02470

	21. Haynes E, Ediriwickrema K, Lawless S, Joyce K, Wells M, Smith J, et al. Glofitamab and epcoritamab in the real world: A UK multicentre retrospective analysis of efficacy, tolerability and practical implications. Blood. (2024) 144:3100–3100. doi: 10.1182/blood-2024-203781

	22. Brooks T, Zabor E, Bedelu Y, Dave N, Landsburg D, Nedved A, et al. Real-world outcomes with bispecific T-cell engagers (REALBiTE) for relapsed or refractory large B-cell lymphoma: A multi-center, retrospective cohort study. Blood. (2024) 144:111. doi: 10.1182/blood-2024-199330

	23. Tong J, Jiang S, Luo Q. Real-world study of glofitamab for the treatment of relapse or refractory diffuse large B-cell lymphoma in East China. Blood. (2024) 144:7762–7762. doi: 10.1182/blood-2024-204522

	24. Bartlett N, Assouline S, Giri P, Schuster S, Cheah C, Matasar M, et al. Mosunetuzumab monotherapy is active and tolerable in patients with relapsed/refractory diffuse large B-cell lymphoma. Blood Adv. (2023) 7:4926–35. doi: 10.1182/bloodadvances.2022009260

	25. Thieblemont C, Karimi Y, Ghesquieres H, Cheah C, Clausen M, Cunningham D, et al. Epcoritamab in relapsed/refractory large B-cell lymphoma: 2-year follow-up from the pivotal EPCORE NHL-1 trial. Leukemia. (2024) 38:2653–62. doi: 10.1038/s41375-024-02410-8

	26. Izutsu K, Kumode T, Yuda J, Nagai H, Mishima Y, Suehiro Y, et al. Subcutaneous epcoritamab monotherapy in Japanese adults with relapsed/refractory diffuse large B-cell lymphoma. Cancer Sci. (2023) 114:4643–53. doi: 10.1111/cas.15996

	27. Ayyappan S, Kim W, Kim T, Walewski J, Cho S, Jarque I, et al. Final analysis of the phase 2 ELM-2 study: Odronextamab in patients with relapsed/refractory (R/R) diffuse large B-cell lymphoma (DLBCL). Blood. (2023) 142:436–436. doi: 10.1182/blood-2023-179818

	28. Kim T, Taszner M, Novelli S, Cho S, Villasboas J, Merli M, et al. Safety and efficacy of odronextamab in patients with relapsed or refractory follicular lymphoma. Ann Oncol. (2024) 35:1039–47. doi: 10.1016/j.annonc.2024.08.2239

	29. Cosenza M, Sacchi S, Pozzi S. Cytokine release syndrome associated with T-Cell-based therapies for hematological malignancies: Pathophysiology, clinical presentation, and treatment. Int J Mol Sci. (2021) 22:7652. doi: 10.3390/ijms22147652

	30. Lee D, Gardner R, Porter D, Louis C, Ahmed N, Jensen M, et al. Current concepts in the diagnosis and management of cytokine release syndrome. Blood. (2014) 124:188–95. doi: 10.1182/blood-2014-05-552729

	31. Murthy H, Iqbal M, Chavez J, Kharfan-Dabaja M. Cytokine release syndrome: Current perspectives. Immunotargets Ther. (2019) 8:43–52. doi: 10.2147/ITT.S202015

	32. Li X, Shao M, Zeng X, Qian P, Huang H. Signaling pathways in the regulation of cytokine release syndrome in human diseases and intervention therapy. Signal Transduct Target Ther. (2021) 6:367. doi: 10.1038/s41392-021-00764-4

	33. Kulkarni H, Kasi P. Rituximab and cytokine release syndrome. Case Rep Oncol. (2012) 5:134–41. doi: 10.1159/000337577

	34. Wing M, Moreau T, Greenwood J, Smith R, Hale G, Isaacs J, et al. Mechanism of first-dose cytokine-release syndrome by CAMPATH 1-H: Involvement of CD16 (FcgammaRIII) and CD11a/CD18 (LFA-1) on NK cells. J Clin Invest. (1996) 98:2819–26. doi: 10.1172/JCI119110

	35. Ceschi A, Noseda R, Palin K, Verhamme K. Immune checkpoint inhibitor-related cytokine release syndrome: Analysis of WHO global pharmacovigilance database. Front Pharmacol. (2020) 11:557. doi: 10.3389/fphar.2020.00557

	36. Hines M, Knight T, McNerney K, Leick M, Jain T, Ahmed S, et al. Immune effector cell-associated hemophagocytic lymphohistiocytosis-like syndrome. Transplant Cell Ther. (2023) 29:438.e1–438.e16. doi: 10.1016/j.jtct.2023.03.006

	37. Maqbool S, Nadeem M, Shahroz A, Naimat K, Khan I, Tahir H, et al. Engraftment syndrome following Hematopoietic stem cell transplantation: A systematic approach toward diagnosis and management. Med Oncol. (2022) 40:36. doi: 10.1007/s12032-022-01894-7

	38. Gopal R, Rapaka R, Kolls J. Immune reconstitution inflammatory syndrome associated with pulmonary pathogens. Eur Respir Rev. (2017) 26:160042. doi: 10.1183/16000617.0042-2016

	39. Moore J, June C. Cytokine release syndrome in severe COVID-19. Science. (2020) 368:473–4. doi: 10.1126/science.abb8925

	40. National Cancer Institute. Common terminology criteria for adverse events (CTCAE) version 5. Bethesda, MD: National Cancer Institute, National Institutes of Health, U.S. Department of Health and Human Services (2022).

	41. Lee D, Santomasso B, Locke F, Ghobadi A, Turtle C, Brudno J, et al. ASTCT consensus grading for cytokine release syndrome and neurologic toxicity associated with immune effector cells. Biol Blood Marrow Transplant. (2019) 25:625–38. doi: 10.1016/j.bbmt.2018.12.758

	42. Crombie J, Graff T, Falchi L, Karimi Y, Bannerji R, Nastoupil L, et al. Consensus recommendations on the management of toxicity associated with CD3×CD20 bispecific antibody therapy. Blood. (2024) 143:1565–75. doi: 10.1182/blood.2023022432

	43. Salvaris R, Ong J, Gregory G. Bispecific antibodies: A review of development, clinical efficacy and toxicity in B-cell lymphomas. J Pers Med. (2021) 11:355. doi: 10.3390/jpm11050355

	44. Radtke K, Bender B, Li Z, Turner D, Roy S, Belousov A, et al. Clinical pharmacology of cytokine release syndrome with T-cell-engaging bispecific antibodies: Current insights and drug development strategies. Clin Cancer Res. (2025) 31:245–57. doi: 10.1158/1078-0432.CCR-24-2247

	45. Bartlett N, Sehn L, Assouline S, Giri P, Kuruvilla J, Schuster S, et al. Subcutaneous mosunetuzumab leads to high rates of durable responses, low rates of cytokine release syndrome, and non-inferior exposure compared with intravenous administration in patients with relapsed/refractory follicular lymphoma: Primary analysis of a pivotal phase II. Blood. (2024) 144:1645–1645. doi: 10.1182/blood-2024-194612

	46. Falchi L, Carlo-Stella C, Morschhauser F, Dickinson M, Bachy E, Cartron G, et al. Dexamethasone is associated with a lower incidence and severity of cytokine release syndrome compared with other corticosteroid regimens when given as premedication for glofitamab monotherapy in patients with relapsed/refractory (R/R) large B-cell lymphoma (LBCL). Blood. (2023) 142:3130. doi: 10.1182/blood-2023-173949

	47. Rejeski K, Subklewe M, Aljurf M, Bachy E, Balduzzi A, Barba P, et al. Immune effector cell-associated hematotoxicity: EHA/EBMT consensus grading and best practice recommendations. Blood. (2023) 142:865–77. doi: 10.1182/blood.2023020578

	48. Nikolaenko L, Nademanee A. Brentuximab vedotin and its use in the treatment of advanced Hodgkin’s lymphoma. Future Oncol. (2020) 16:2273–82. doi: 10.2217/fon-2020-0026

	49. Lopez J, Yarlagadda N, Gheith Z, Mohan M, Sasapu A. Nivolumab-induced immune-mediated neurotoxicity in Hodgkin lymphoma. Proc (Bayl Univ Med Cent). (2020) 33:59–61. doi: 10.1080/08998280.2019.1668719

	50. Sala E, Robert-Varvat F, Paul S, Camdessanché J, Antoine J. Acute neurological worsening after Rituximab treatment in patients with anti-MAG neuropathy. J Neurol Sci. (2014) 345:224–7. doi: 10.1016/j.jns.2014.07.055

	51. Mauget M, Lemercier S, Quelven Q, Maamar A, Lhomme F, De Guibert S, et al. Impact of diagnostic investigations in the management of CAR T-cell-associated neurotoxicity. Blood Adv. (2024) 8:2491–8. doi: 10.1182/bloodadvances.2023011669

	52. Garcia Borrega J, Gödel P, Rüger M, Onur ÖA, Shimabukuro-Vornhagen A, Kochanek M, et al. In the eye of the storm: Immune-mediated toxicities associated with CAR-T cell therapy. Hemasphere. (2019) 3:e191. doi: 10.1097/HS9.0000000000000191

	53. Gust J, Hay K, Hanafi L, Li D, Myerson D, Gonzalez-Cuyar L, et al. Endothelial activation and blood-brain barrier disruption in neurotoxicity after adoptive immunotherapy with CD19 CAR-T cells. Cancer Discov. (2017) 7:1404–19. doi: 10.1158/2159-8290.CD-17-0698

	54. Goebeler M, Knop S, Viardot A, Kufer P, Topp M, Einsele H, et al. Bispecific T-cell engager (BiTE) antibody construct blinatumomab for the treatment of patients with relapsed/refractory non-Hodgkin lymphoma: Final results from a phase I study. J Clin Oncol. (2016) 34:1104–11. doi: 10.1200/JCO.2014.59.1586

	55. Parker K, Migliorini D, Perkey E, Yost K, Bhaduri A, Bagga P, et al. Single-cell analyses identify brain mural cells expressing CD19 as potential off-tumor targets for CAR-T immunotherapies. Cell. (2020) 183:126–142.e17. doi: 10.1016/j.cell.2020.08.022

	56. Nellan A, McCully C, Cruz Garcia R, Jayaprakash N, Widemann B, Lee D, et al. Improved CNS exposure to tocilizumab after cerebrospinal fluid compared to intravenous administration in rhesus macaques. Blood. (2018) 132:662–6. doi: 10.1182/blood-2018-05-846428

	57. Gazeau N, Liang E, Wu Q, Voutsinas J, Barba P, Iacoboni G, et al. Anakinra for refractory cytokine release syndrome or immune effector cell-associated neurotoxicity syndrome after chimeric antigen receptor T cell therapy. Transplant Cell Ther. (2023) 29:430–7. doi: 10.1016/j.jtct.2023.04.001

	58. Morris E, Neelapu S, Giavridis T, Sadelain M. Cytokine release syndrome and associated neurotoxicity in cancer immunotherapy. Nat Rev Immunol. (2022) 22:85–96. doi: 10.1038/s41577-021-00547-6

	59. Pawar A, Desai R, Solomon D, Santiago Ortiz A, Gale S, Bao M, et al. Risk of serious infections in tocilizumab versus other biologic drugs in patients with rheumatoid arthritis: A multidatabase cohort study. Ann Rheum Dis. (2019) 78:456–64. doi: 10.1136/annrheumdis-2018-214367

	60. Youssef J, Novosad S, Winthrop K. Infection risk and safety of corticosteroid use. Rheum Dis Clin North Am. (2016) 42:157–76,ix–x. doi: 10.1016/j.rdc.2015.08.004

	61. Mazahreh F, Mazahreh L, Schinke C, Thanendrarajan S, Zangari M, Shaughnessy J, et al. Risk of infections associated with the use of bispecific antibodies in multiple myeloma: A pooled analysis. Blood Adv. (2023) 7:3069–74. doi: 10.1182/bloodadvances.2022009435

	62. Philipp N, Kazerani M, Nicholls A, Vick B, Wulf J, Straub T, et al. T-cell exhaustion induced by continuous bispecific molecule exposure is ameliorated by treatment-free intervals. Blood. (2022) 140:1104–18. doi: 10.1182/blood.2022015956

	63. Andorsky D, Boccia R, Lash B, Vaidya R, Gandhi M, Patel A, et al. Subcutaneous epcoritamab (SC epcor) administered outpatient (outpt) for relapsed or refractory (R/R) diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL): Results from phase 2 EPCORE NHL-6. J Clin Oncol. (2024) 42:7029–7029. doi: 10.1200/JCO.2024.42.16_suppl.7029

	64. Villanueva R, Hansen D, Tonseth R, Gage K, Wei Z, Avila G, et al. High metabolic tumor volume is associated with higher toxicity and decreased efficacy of BCMA CAR-T cell therapy in multiple myeloma. Blood. (2022) 140:10402–4. doi: 10.1182/blood-2022-167804

	65. Locke F, Oluwole O, Kuruvilla J, Thieblemont C, Morschhauser F, Salles G, et al. Axicabtagene ciloleucel vs standard of care in second-line large B-cell lymphoma: Outcomes by metabolic tumor volume. Blood. (2024) 143:2464–73. doi: 10.1182/blood.2023021620

	66. Crochet G, Iacoboni G, Couturier A, Bachy E, Iraola-Truchuelo J, Gastinne T, et al. Efficacy of CAR T-cell therapy is not impaired by previous bispecific antibody treatment in large B-cell lymphoma. Blood. (2024) 144:334–8. doi: 10.1182/blood.2024024526




Copyright
 © 2025 Doig and Yannakou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1582975-i002.jpg
aCD20

R

CD3

7





OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Toxicities associated with lymphoma-targeting bispecific antibodies—a review



		Introduction



		bsAbs approved for use in B-cell lymphoma



		Cytokine release syndrome



		Immune effector cell associated neurotoxicity syndrome



		Cytopenias



		Infections and immunosuppression



		Tumor lysis syndrome







		Discussion



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fmed-12-1582975-i003.jpg





OPS/images/fmed-12-1582975-i001.jpg





OPS/images/fmed-12-1582975-i004.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Toxicities associated with
lymphoma-targeting bispecific
antibodies—a review












OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine







