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Abstract: Novel cellular immunotherapies such as T-cell engaging antibodies (TCEAbs) are chang-
ing the landscape of treatment for diffuse large B cell lymphoma (DLBCL), especially in the re-
lapsed/refractory (R/R) setting. TCEAbs harness the power of the host immune system to induce
killing of tumor cells by binding to both the tumor antigen and the T-cell receptor. Since the approval
of blinatumomab for R/R acute lymphoblastic leukemia, there has been significant development in
novel TCEAbs. Many of these novel TCEAbs have shown promising effectiveness in R/R DLBCL,
with favorable response rates including complete remissions, even in heavily pretreated patients.
There are unique therapy-related toxicities with TCEAbs, namely cytokine release syndrome (CRS)
and immune effector cell-associated neurotoxicity (ICANS), and it is important to both recognize
and manage these side effects appropriately. This review examines the development and mechanism
of action of these TCEAbs, and the available published data from clinical trials. Their role in the
treatment of DLBCL, the management of therapy-related adverse events, and the mechanisms of
resistance will also be discussed.
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1. Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin lym-
phoma (NHL) subtype [1,2]. Frontline chemoimmunotherapy results in a cure rate of
approximately 60%, and for patients with relapsed/refractory DLBCL the standard treat-
ment has been salvage chemotherapy, followed by autologous stem cell transplantation
(ASCT) in transplant eligible patients. Due to patient factors, treatment intensity or chemo-
refractoriness, only a small minority of patients are cured by this approach and the majority
of patients with R/R DLBCL have a poor prognosis, especially those with primary refrac-
tory disease or those that are not ASCT candidates [3–5]. This represents an area of unmet
medical need.

The introduction of T cell directed immune effector cell therapies has revolutionized
the treatment paradigms for R/R DLBCL, demonstrating durable efficacy with a tolerable
safety profile in this heavily pretreated patient cohort [6–12]. Both autologous chimeric
antigen receptor (CAR) T therapy and T-cell engaging antibodies (TCEAbs) harness the
patients’ own T cells to eliminate the malignant cells. Recent published data has shown
the significant superiority of both axicabtagene ciloleucel and lisocabtagene maraleucel
compared to standard salvage treatments. While CAR T has now been embedded as
an accepted salvage option in R/R DLBCL, there are shortcomings such as accessibility,
treatment related toxicities, and the time needed for manufacturing. High risk features
such as a rapid tempo of disease progression would often preclude patients from receiving
autologous CAR T. TCEAbs are “off the shelf” antibody-based treatments that do not require
manufacturing, bridging therapy, or lymphodepleting chemotherapy. The promising
effectiveness so far with the TCEAbs in R/R DLBCL, in addition to the apparent lower
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rates of toxicities compared to CAR T, has seen the TCEAbs being studied in the frontline
DLBCL setting, often combined with chemoimmunotherapy. Patients being treated with
either CAR T or TCEAbs can develop cytokine release syndrome (CRS) and/or immune
effector cell-associated neurotoxicity syndrome (ICANS). As more patients are treated with
these immunotherapies, it has become necessary to recognise and manage these unique
toxicities optimally.

This review will focus on the main TCEAbs currently under development in R/R
DLBCL, including their structures, mechanisms of action, efficacy, and safety data. This
review will also discuss the role TCEAbs will have in the overall DLBCL management
landscape and how to best manage toxicities associated with them.

2. Basic Scientific Mechanism

TCEAbs harness the power of the immune system to induce killing of tumour cells.
In general, TCEAbs bind to both the tumour antigen and T-cell receptor to form an im-
munologic synapse and promote cell-mediated cytotoxicity in a major histocompatibility
complex (MHC)-independent fashion. This is particularly important in DLBCL, as fifty
percent of cases lack MHC class I cell-surface expression secondary to genetic aberrations,
resulting in immune evasion. The specific mechanism of action can vary depending on the
design of the antibody, which is discussed in further detail below [13–15] (Figure 1).
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Figure 1. Bispecific antibody mechanism of action. The BsAb simultaneously binds the tumour
antigen and CD3 epsilon on the surface of a T-cell, resulting in tumour cell killing.

3. Structure: TCEAbs Can Be Divided into Bispecific (BsAbs) and Trispecific
Products (TsAbs)
3.1. Bispecific Antibodies

As the name implies, BsAbs are designed to bind two different targets simultaneously.
A BsAb may bind to either CD19 or CD20, antigens expressed on the surface of B-cells, and
CD3, an antigen expressed on T-cells. By binding to CD19 or CD20 and CD3, the BsAb
can bring the T-cells in close proximity to the DLBCL cells, resulting in the activation of
T-cells, release of perforin/granzymes, and lysis of the target CD20-expressing cell. BsAbs
can be constructed using two different formats, fragment based BsAb (“non-IgG-like”) and
fragment crystallizable (Fc) BsAb (“IgG-like”) [16].

3.1.1. Non-IgG-like BsAbs

This subclass includes bispecific T-cell engagers, dual-affinity re-targeting antibodies
(DARTs), and tetravalent tandem diabodies (TandAb) [17].
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Currently, the most used BsAb in this subclass are bispecific T-cell engagers (e.g.,
blinatumomab). The structure consists of two single-chain variable fragments (scFvs) that
are fused with one polypetide linker. Each scFV has heavy (VH) and light (VL) chains.
DARTs similarly contain two VL-VH pairs but have two distinct polypetide chains, which
are stabilized by an interchain disulphide bridge. TandAbs are manufactured as a single
polypeptide chain, requiring chain dimerization to link four antibody VH and VL chains.
This produces a tetravalent bispecific molecule (four antigen-recognition sites) for two
different antigens [18,19]. These antibodies lack the constant Fc region and consequently
have a short half-life due to the high rate of renal clearance. However, they have better
tumour penetration secondary to their small size and are easier to manufacture when
compared to IgG-like antibodies [20]. Additionally, they do not exhibit antibody-dependent
cell-mediated cytotoxicity (ADCC), antibody-dependent cellular phagocytosis (ADCP), or
complement fixation due to absence of the Fc-portion [17].

3.1.2. IgG-like BsAbs

The majority of BsAbs under investigation in DLBCL clinical trials have full-length,
IgG-like configurations with Fc domains, resembling native immunoglobulins. There are
various technologies used to manufacture them, such as knobs-into holes heterodimeriza-
tion, head-to-tail fusion, and controlled fragment antigen-binding (Fab)-arm exchange [16].
The presence of an Fc region prevents IgG catabolism and is responsible for the longer
half-life of these BsAbs. Thus, continuous infusion is not required. While long lasting
anti-tumour effect is clearly advantageous, the potential downside is Fc-mediated toxicity,
specifically CRS via antibody-dependent FcγR-mediated crossbinding of CD3 and T cells.
In order to counteract this effect, the Fc domain is mutated during the engineering process
to reduce toxicity but maintain drug half-life in vivo [21].

3.2. Trispecific Antibodies (TsAbs)

Novel T-cell redirecting TsAbs are postulated to be superior to BsAbs due to the
presence of three different antigen binding sites on cytotoxic T lymphocytes (CTLs) and
malignant B-cells. Only two clinical drug trials currently exist in DLBCL, and both are first-
in-human, phase I studies with no results available yet. Both TsAbs under investigation are
IgG-like in structure [22,23].

4. Clinical Efficacy
4.1. CD19-Directed BsAb
Blinatumomab

Blinatumomab is an anti-CD3 x anti-CD19 bispecific T-cell engager and was the first
BsAb approved for B-cell malignancies. It is administered as a continuous intravenous
infusion due to its reduced half-life (2 h) and was initially approved in R/R Ph-B-ALL.
The evidence supporting this indication was primarily derived from the TOWER study,
which compared blinatumomab monotherapy with ‘standard-of-care chemotherapy’ [24].
Pivotal results seen in the 2018 BLAST trial resulted in expansion of FDA approval to
include treatment of minimal residual disease positive B-ALL in patients in complete
haematological remission [25].

Following unprecedented success in B-ALL, blinatumomab was subsequently trialed
as salvage therapy in R/R NHL [26]. A phase 2 study by Coyle et al. evaluated single
agent blinatumomab as second salvage therapy in R/R NHL. The trial enrolled 41 patients,
including 34 patients with DLBCL, treated with stepwise blinatumomab (9–28–112 µg/day).
Following 12 weeks of treatment, the ORR was 37% with a CR of 22%. However, there
was a high rate of treatment discontinuation, with only 59% receiving 80% of the intended
dose, largely due to disease progression. Grade 3 neurological events occurred in 24%, all
of which resolved [27]. Another phase 2 study conducted by Viardot et al. investigated
stepwise blinatumomab (9–28–112 µg/day; n = 23) or flat dosing (112 µg/day; n = 2)
exclusively in R/R DLBCL. Similar findings were demonstrated with an ORR in 43% and
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CR in 19% of the 21 evaluable patients. Grade 3 neurotoxicity occurred in 22% in the
stepwise cohort and in both patients in the flat dose cohort [28].

More recent trials have studied blinatumomab in combination with lenalidomide
(NCT02568553), and as consolidation treatment post-autologous stem cell transplant (ASCT)
in patients with DLBCL (NCT03072771). In patients receiving blinatumomab and lenalido-
mide (n = 12), the ORR was 83% (50% CR) at a median follow-up time of 14.3 months [29].
Blinatumomab consolidation therapy post-ASCT (n = 10), showed 60% of patients remained
in remission at a median follow-up of 14.5 months [30].

The emergence of IgG-like BsAbs with easier administration and less neurotoxicity
have overshadowed further development of blinatumomab in the setting of DLBCL.

4.2. CD20-Directed BsAb

At the time of writing, ten CD20/CD3 BsAbs are under clinical trial investigation in
DLBCL. Agents that are in phase 1/2 include odronextamab (REGN1979), plamotamab
(XmAb13676), imvotamab (IgM-2323), GB261, TQB2825, CM355, and EX103. Mosune-
tuzumab (RG7828), epcoritamab (GEN3013), and glofitamab (RO7082859) are entering
phase 3 for treatment of R/R DLBCL

4.2.1. Mosunetuzumab

Mosunetuzumab is a fully humanised IgG1, CD20 × CD3 BsAb, which was developed
using knobs-into-holes technology. It has been produced in both IV and SC formulations
with an estimated half-life of 6–11 days. It was the first IgG-like BsAb engineered and
has been evaluated in both indolent (iNHL) and aggressive B-cell NHL (aNHL) as a
monotherapy or combined with other agents.

Initial results of single-agent mosunetuzumab were obtained in the phase 1 dose
escalation GO29871 trial in R/R B-NHL. The BsAb was administered for up to 8 cycles
in patients who achieved CR and up to 17 cycles in those with partial response or stable
disease. In total, 197 patients were included; 68 patients with iNHL and 129 patients
with aNHL. High response rates were seen in iNHL with an ORR of 62.7% (CR 43.3%),
whereas results were less impressive in aNHL with an ORR of 37.4% (CR 19.5%). AEs
were predominantly reported in the first cycle and the majority were related to neutropenia
(28.4%), CRS (27.4%), or hypophosphataemia (23.4%). All CRS events resolved and were
mostly low-grade (1% grade 3) [31].

Clinical efficacy of mosunetuzumab has been more noteworthy in indolent lymphoma.
As a result, it is unlikely that it will be developed as a single agent for aggressive lymphomas.

4.2.2. Epcoritamab

Epcoritamab is a subcutaneously (SC) administered IgG1, CD20 × CD3 BsAb. It is
manufactured by controlled Fab-arm exchange technology and has a half-life of 8.7 days.

The EPCORE NHL-1 study phase 1/2 study tested single-agent epcoritamab in sub-
jects with R/R B-NHL. SC epcoritamab was administered in 28-day cycles until disease
progression or unacceptable toxicity. The recommended phase 2 dose was 48 mg, and
the maximum tolerated dose was not reached [32]. The dose-expansion cohort evaluated
157 patients who were heavily pre-treated; 71% had at least three prior lines of therapy
and 39% had previous CAR T therapy. The dataset demonstrated high ORR (63%) and
CR rate (39%). Amongst the 157 patients enrolled in the study, 51 remained on treatment.
The main reason for discontinuation was secondary to progressive disease rather than
adverse events (AEs). Most treatment-emergent AEs were low grade and occurred early
in treatment (cycle 1–3). The most common AE was CRS in 49.7% of patients, of which
only 2.5% were grade 3. Immune effector cell-associated neurotoxicity syndrome (ICANS)
was not a frequent event and occurred in ten patients (6.4%); nine were grade 1–2 and
resolved [33]. Durable complete remissions in DLBCL have been reaffirmed in longer
follow-up from the EPCORE NHL-1 trial. Median duration of CR was 20.8 months and
median time to CR was 2.7 months [34].
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Phase 3 studies investigating epcoritamab in R/R and newly diagnosed DLBCL are
currently underway. EPCORE DLBCL-1 is an ongoing multicentre, randomized trial evalu-
ating the efficacy of SC epcoritamab versus either rituximab, gemcitabine, and oxaliplatin
(R-GemOx) or bendamustine and rituximab (BR). Patients must have failed or be ineligible
for ASCT in the setting of R/R DLBCL. In subjects with newly diagnosed, high-risk (IPI
3–5) DLBCL, the EPCORE DLBCL-2 study evaluates the safety and preliminary efficacy of
epcoritamab in combination with R-CHOP compared to R-CHOP alone. Approximately
900 patients will be randomized 2:1 to either combination treatment or R-CHOP alone,
including double-hit and triple-hit patients.

4.2.3. Glofitamab

Glofitamab is an intravenous IgG1 BsAb that binds bivalently to CD20 on B cells and
monovalently to CD3 on T cells. It has a novel 2:1 format that is engineered by head-to-tail
fusion technology and has a half-life of 10 days [35].

A phase 1/2 trial conducted by Hutchings et al. studied glofitamab monotherapy
in 171 patients with R/R B-cell NHL. Before commencing glofitamab, patients received
a single dose of obinutuzumab pretreatment (1 × 1000 mg) to mitigate CRS. Fixed dose
(0.6–25 mg) or step-up glofitamab dosing (target dose: 16 mg or 30 mg) was subsequently
administered every 2–3 weeks. Encouraging response rates were observed, with an ORR of
48% and CR of 33.1% in aggressive NHL patients.

In the phase 2 part of the clinical trial (dose-expansion), Dickinson et al. enrolled
154 patients with R/R DLBCL who had received at least two lines of previous therapy. A
fixed treatment duration, 12 cycles of glofitamab monotherapy, was administered every
three weeks. Step-up glofitamab dosing involved 2.5 mg on day 8 cycle 1, 10 mg on day
15 cycle 1, and 30 mg on day 1 of cycle 2 to cycle 12. ORR and CR rates were 59% and
38%, respectively, similar to phase 2 epcoritamab data. CR was achieved early, reported
as a median time of 43 days. In patients with a complete remission, 66% were in ongoing
CR after a median follow-up of 18.3 months. Additionally, a high proportion of patients
remained progression free at 12 months post-end of treatment (PFS rate: 80%, OS rate:
94%). Glofitamab was well tolerated with a low rate of discontinuation secondary to AEs,
occurring in only 9% of patients. CRS was the most frequent AE (64%); however, it was
generally low-grade. The most common grade 3/4 AE was neutropenia [36].

Several other trials are ongoing, assessing glofitamab monotherapy and combination
therapy in DLBCL. A phase 1b/2 trial is investigating glofitamab and polatuzumab vedotin
in R/R NHL. Polatuzumab is an antibody drug conjugate, composed of anti-CD79b mono-
clonal antibody conjugated to monomethyl auristatin E (microtubule inhibitor). CD79b is
located on normal B-cells and most mature B-cell malignancies, hence it is a good target
for patients’ refractory to standard chemotherapy. All study patients received a single
dose of obinutuzumab on day 1, followed by polatuzumab (1.8 mg/kg) on day 2, and
step-up glofitamab from day 8. Glofitamab was combined with polatuzumab for 6 cycles
and administered as a single agent from cycle 7–12. A 13 month follow up (data cutoff
25 January 2023) reported high response rates (ORR of 78% and CR of 56%). Duration
of complete response at 12 months was 73.1% [37]. Combinations with platinum-based
chemoimmunotherapy are also being explored, including a randomized phase 3 study of
gemcitabine-oxaliplatin +/− glofitamab.

4.2.4. Odronextamab

Odronextamab is a fully human IgG4-based, CD20 × CD3, hinge-stabilised BsAb. It is
administered by either SC or IV and has a half-life of 14 days in cynomolgus monkeys [38].

In the ELM-1 trial, a multicentre phase 1 study, IV odronextamab monotherapy was
administered to 145 patients with R/R B-NHL. As with other BsAbs, odronextamab was
dosed in a step-up schedule with steroid premedication in cycle 1, followed by once per
week in cycles 2–4, and then every two weeks until disease progression. Patients were
heavily pre-treated (median of three previous therapies) and 29% of patients had received
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previous CAR T therapy. In patients with FL who received ≥ 5 mg, the ORR was 91%
and CR was 72%. Among patients with DLBCL without prior CAR T-cell therapy who
received ≥ 80 mg, the ORR was 53% (all responses were CR) and 33% (CR 27%) in those
who had previous CAR T-cell therapy. While treatment-emergent AEs were common (93%),
odronextamab had a manageable safety profile. Grade ≥3 CRS occurred in 6% of patients
and grade ≥3 neurological events in 3%. The dose-expansion portion of this study is
ongoing [39].

The phase 2 trial (ELM-2) of odronextamab monotherapy in R/R DLBCL studied
140 DLBCL patients with a minimum of two prior treatment lines. As of 15 September 2022,
ORR and CR rates were 49% and 31%, respectively. Similar responses were seen in patients
who had prior CART therapy. Interestingly, the duration of CR at 18 months was 48%,
which appears to be less promising than results observed in glofitamab and epcoritamab.
Further follow-up will be required [40].

4.2.5. Plamotamab

Plamotamab is an intravenous IgG1 bispecific anti-CD20/CD3 antibody, produced
through an XmAb protein engineering platform [19].

The phase 1 dose-escalation study investigating plamotamab monotherapy in patients
with R/R NHL is ongoing. The recommended dose safety/efficacy update and escalation
exposure-response analysis by Patel et al. included 36 patients enrolled before April 2022.
The median number of prior lines of therapy was four and 50% of patients had previously
received CAR-T. At the recommended dose, 19 patients with DLBCL had an ORR of 47.4%
and CR rate of 26.3%. The most common AE was CRS, occurring in 72.2% of patients, and
usually occurred in C1. No grade ≥3 CRS was reported [41].

A phase 2 multicentre study is in progress evaluating plamotamab combined with taf-
asitamab and lenalidomide vs. tafasitamab and lenalidomide doublet in R/R DLBCL [42].

4.3. Trispecific Antibodies
4.3.1. JNJ-80948543

JNJ-80948543 is a trispecific monoclonal antibody that promises to be the next break-
through in the treatment of B-NHL due to two separate B-cell binding sites. The SC
TsAb binds the CD3 antigen on T-cells, and both CD79b and CD20 on B-cells, resulting in
cytolysis of malignant B-cells.

A global phase 1 study of the TsAb in patients with NHL and CLL is ongoing to
determine the recommended phase 2 dose and optimal dosing schedule [22].

4.3.2. PIT565

PIT565 is an anti-CD19, anti-CD3, and anti-CD2 TsAb. Targeting CD2 on T cells is
postulated to overcome T-cell exhaustion, which may contribute to treatment failures seen
in CAR-T therapies or BsAbs. A first-in-human multicentre trial of PIT565 is in progress in
patients with R/R B-NHL and R/R B-ALL [23].

5. Role in DLBCL Management

As a class, TCEAbs have been studied both as initial DLBCL treatment, as well as
in the R/R setting. They have been used as monotherapy and in combination with other
therapeutics, such as chemotherapy or immunomodulatory agents. Based on positive
trial results, single agent glofitamab and epcoritamab have recently been granted FDA
approval for the treatment of R/R DLBCL and high-grade B-cell lymphoma (≥2 prior lines
of systemic therapy). Glofitamab has also received approval from the European Medicines
Agency (EMA) for the same patient cohort. Consequently, the current role of these TCEAbs
appears to be in the R/R setting. Nonetheless, due to the likelihood of TCEAbs having
increased efficacy when used earlier in the treatment algorithm, there are ongoing trials
examining their utility in the upfront setting. If positive signals are observed, TCEAbs will
potentially be integrated in the first line setting in the future.
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In the combination studies, so far, the data suggest that the addition of TCEAbs to
the chemotherapy backbone has not resulted in significant treatment interruption or new
toxicities. Despite encouraging data with these TCEAbs, long-term efficacy and safety
results are required to inform their role in DLBCL management, especially in terms of
treatment sequencing with the other therapeutic agents. Patient selection, optimal timing
of treatment, and combination regimens are areas of uncertainty that will need to be
addressed. Given the efficacy of RCHOP in newly diagnosed DLBCL, and more recent
data showing improved PFS with polatuzumab-RCHP [43], TCEAbs are likely to have
more utility in high risk patients in the upfront setting (e.g., high IPI scores), or as bridging
therapy in chemorefractory patients prior to CAR T. In the R/R setting, it will be vital to
clarify sequencing of ASCT, CAR T, and TCEAbs, and their potential combination. With
recent data suggesting the superiority of CAR T versus ASCT, it has been preferenced
in many countries [9,44]. The available data of CAR T failure “rescue” by TCEAbs is
fascinating; however, the inverse is uncertain. Furthermore, until the data on durability of
response are known (apart from glofitamab), CAR T would appear to be ahead in terms
of curative potential. It would also be imperative to elucidate the optimal duration of
TCEAbs to maximize the DOR, but also to minimize treatment related toxicities. Future
study designs should ideally include fixed duration of treatment as well as retreatment
strategy on relapse.

6. Management of TCEAb Mediated Toxicities

The search for biomarkers that predict TCEAb efficacy, toxicity, and resistance is
ongoing, and will likely guide future decision making. The most unique side effects
of TCEAbs, such as CAR T therapy, are CRS and ICANS. CRS is an immunotherapy-
induced systemic inflammatory syndrome that occurs due to the hyperactivation of the
immune system that results in the release of multiple cytokines, including TNFα, IL6, IL10,
and IFN. Although CRS is often the most prominent TCEAb related toxicity, it appears
to occur less frequently and to be of lesser severity when compared to CAR T. Fever,
hypotension, and hypoxia are the hallmarks of CRS, as per the American Society for
Transplantation and Cellular Therapy (ASTCT) guidelines, but other symptoms may occur
such as myalgias, skin rash, arthralgias, and headache. It is important to recognize CRS
early on and manage accordingly as progression to more severe CRS can occur rapidly, with
deterioration resulting in multiorgan failure and the need for circulatory and respiratory
support in the intensive care setting [45,46]. Due to the immunocompromised nature of
the patients receiving TCEAbs, concurrent infections can complicate the CRS management,
and patients should be treated for both empirically without delay. Other conditions that
could mimic CRS include infusion related reaction, haemophagocytic lymphohistiocytosis,
and macrophage activation syndrome [47]. Features of high disease burden have been
found to be correlative to the occurrence of higher-grade CRS, including advanced stage
disease, circulating lymphoma cells, bulky disease, and bone marrow involvement [48–50].
Many different mitigation approaches have been designed apart from premedications with
acetaminophen, antihistamine, and steroid, such as tumor bulk reduction prior to TCEAb,
step up dosing in the first cycle, and the use of dexamethasone. Due to the structure of
glofitamab with its two antiCD20 domains, it is possible to administer obinutuzumab seven
days prior to the first dose in order to reduce CRS [51]. As an antiCD20 monoclonal antibody,
obinutuzumab can reduce peripheral circulating B cells and lower T cell hyperactivation,
cytokine release, and endothelial cell activation. The management of CRS depends on the
ASTCT grading. Milder grade CRS is usually initially managed by supportive treatment
with TCEAb interruption, IV hydration, steroid, and acetaminophen. More severe grade
CRS despite initial therapy will require treatment with tocilizumab, an anti-IL6 antibody,
as well as intensive care unit intervention for inotropic and respiratory support.

ICANS can occur as manifestation of central nervous system (CNS) deficits. It is
frequently coupled with CRS, and again is the result of T cell hyperactivation. Patients
can present with a range of symptoms from headache, delirium, dysgraphia, dysphasia,
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tremor, and concentration difficulty to seizures or even encephalopathy [46,52,53]. Al-
though relatively common with blinatumomab (G3 or higher in 24% in a phase 2 trial of
aggressive NHL), it is much less frequent with the newer TCEAbs. As a therapeutic class,
TCEAbs have a much lower incidence of significant ICANS when compared to CAR T. The
ASTCT guidelines for ICANS use an Immune Effector Cell-Associated Encephalopathy
(ICE) screening score to assess the extent of encephalopathy, which is added to the other
neurological features of ICANS (e.g., seizure, motor findings) in the final grading. It is
vital to recognize ICANS early as sometimes the signs can be subtle, and to provide ap-
propriate management to avoid complications. Specific investigations for ICANS would
include neuroimaging, EEG, fundoscopy, and lumbar puncture, and it might be necessary
to repeat these. Supportive strategies are pivotal, including antiepileptic medications for
seizures, neurological monitoring, aspiration preventions, and intensive care unit sup-
port for ventilation if needed. The mainstay of treatment is steroid e.g., dexamethasone
or methylprednisolone, which is given at high doses and tapered when there is clinical
improvement. Tocilizumab is only used if CRS occurs concurrently with ICANS; otherwise,
it is not used for ICANS alone as its access to the CNS is limited.

The data on the management of refractory/resistant immunotherapy related toxicities
are scant, and consist of preclinical data, case series, or institutional reports. The pharmaco-
logical interventions being studied include siltuximab (an IL6 antagonist), anakinra (an IL1
receptor antagonist), cyclophosphamide, ruxolitinib (JAK inhibitor), and IVIG. Currently
there are no standardized strategies for the management of tocilizumab and/or steroid
resistant CRS/ICANS, and more research is required in this space to provide evidence-
based guidelines. Furthermore, with the administration of further immunosuppressants,
increased risk of sepsis should be considered, and appropriate surveillance and prophylaxis
utilized.

7. Mechanisms of Resistance

Therapy failure due to resistance remains an important issue. Several potential mecha-
nisms of resistance have been proposed, such as tumor surface antigen loss, acquisition
of new oncogenic mutations, or T cell exhaustion or dysfunction via persistent TCR acti-
vation [32,51,54–60]. Different approaches have been designed to attempt to prevent or
overcome these mechanisms, such as targeting multiple tumor antigens simultaneously
to avoid antigen loss or combination with other immunomodulatory agents to enhance T
cell activity. Another strategy is to utilize the TCEAbs early in the treatment course, in an
attempt to avoid T cell exhaustion or new oncogenic mutations. More research is needed to
study and overcome these potential pathways of resistance.

8. Conclusions

Novel immunotherapies such as TCEAbs have revolutionized the treatment landscape
in DLBCL. There have been rapid and substantial breakthroughs in their development
since the advent of blinatumomab. Currently, there is an impressive number of TCEAbs
demonstrating promising efficacy and safety data, leading to the recent approval of certain
TCEAbs by the registration authorities in R/R DLBCL. The lower rates of CRS and ICANS of
TCEAbs, together with the lack of manufacture time and potential effectiveness in rescuing
CAR T failures, mean that they should have an important role in the future alongside
CAR T therapy. Furthermore, if significant efficacy is observed in the first line studies then
TCEAbs can potentially improve the cure rate of DLBCL as part of upfront treatment.

This review examined the various TCEAbs in DLBCL, from their mechanisms of action
to the published clinical trial data. There are still many unanswered questions, including
the optimal treatment sequencing of these TCEAbs, the best mode of administration,
monotherapy vs. combination therapy, and prevention of resistance. This will undoubtedly
become clearer with more experience and future clinical trials (Table 1).
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