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Abstract 

Follicular lymphoma (FL) is the second most common form of non-Hodgkin’s lymphoma (NHL) and 
accounts for about 5% of all hematological malignancies. Despite therapeutic advances, FL follicular 
lymphoma remains an incurable disease, with frequent relapses and increasingly shorter disease 
control intervals. Bispecific antibodies (bsAbs) are molecules that target two different epitopes or 
antigens. The mechanism of action is determined by the molecular targets and structure of the bsAbs. 
Several bsAbs have already changed the therapeutic landscape of hematological malignancies and 
some solid tumors. In particular, in this article we review the general principles on follicular 
lymphoma and established and innovative therapies including bsAbs, in particular the bsAb 
mosunetuzumab, a new bispecific antibody that acts on CD3 epitopes of T lymphocytes and CD20 
epitopes of B lymphocytes with the aim of inducing T lymphocyte-mediated elimination of malignant 
B lymphocytes, its safety and efficacy with the analysis of no. 3 patients who completed treatment 
with the drug mosunetuzumab in the A.O. Pia Fondazione di Culto e Religione ‘Card. G. Panico’, Tricase 
(Lecce). 

Keywords: bispecific antibodies; mosunetuzumab; follicular lymphoma; refractory relapsed 
follicular lymphoma; Chemo-Immunotherapy 
 

1. Introduction 

Follicular lymphoma (FL) is an indolent lymphoid neoplasm, derived from germinal center B-
cells, for which recent therapeutic advances have substantially improved patient survival [1]. 

However, FL remains an incurable and heterogeneous disease, with groups of patients 
presenting with early disease, histological transformation or a high risk of treatment-related toxicity 
[1], in particular first- and second-line chemo-immunotherapies, such as bendamustine plus 
rituximab (BR), bendamustine plus obinutuzumab (BO), the combination of cyclophosphamide, 
doxorubicin, vincristine and prednisone (CHOP) or cyclophosphamide, vincristine and prednisone 
with obinutuzumab or rituximab.  

Although not as widely used as chemo-immunotherapy, autologous stem cell transplantation 
(SCT) or allergen transplantation are also a viable treatment option with potential benefit in patients 
with early failure of chemo-immunotherapy treatment [2]. 

Furthermore, FL is a continuously relapsing disease and response rates, and disease control 
intervals decrease with each subsequent line of therapy [1]. 

The current therapeutic landscape for relapsed or refractory FL and promising therapies in 
development offer physicians a wide range of options for the treatment of relapsed or refractory FL 
[1]. 
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Efficacy is an important parameter for treatment success; however, in the real world, several 
patient-specific factors, including treatment burden, are taken into account when deciding on the 
most appropriate treatment strategy [1]. 

Adequate access to new treatments can be a problem for patients with FL.  
Advances in the development of CAR-T cell therapy provide new therapeutic options for 

patients with FL R/R; however, several barriers limit access to this therapy. Patients may not be 
eligible for CAR-T cell therapy, and the cost of CAR-T cell therapy often makes it an unlikely option 
outside of clinical trials [1]. 

Considering logistical barriers, eligibility and methods of administration, more available, 
affordable and well-tolerated treatment options can be chosen.  

BsAbs, in particular mosunetuzumab, are readily available off-the shelf (ready-to-use) agents 
with a growing track record in administering and mitigating reactions to infusion [1]. 

2. Follicular Lymphoma 

Follicular lymphoma (FL) is the second most common subtype of non-Hodgkin’s lymphoma.  
FL is a heterogeneous clinic-pathological entity that has as a common feature the origin from 

germinal center B-cells [3]. 
The molecular pathogenesis of FL is a complex, multi-step process during which a single 

follicular B-cell acquires all the genetic and epigenetic alterations necessary for malignant 
transformation. 

The tumor consists of a variable number of small, cleaved cells (centrocytes) and larger, blastoid 
cells (Centro blasts) that morphologically resemble the cells found in the light and dark areas of 
normal germinal centers, respectively [4]. 

Some common steps in this pathway have been elucidated, in particular chromosomal 
rearrangements involving BCL-2 and some somatic mutations, some of which are also found in other 
non-Hodgkin lymphomas. In the uncommon case where FL evolves into a more aggressive 
lymphoma, usually diffuse large B-cell lymphoma, the molecular lesions found early in the disease 
course persist and are found together with newly acquired mutations that contribute to histological 
transformation [5]. 

Most FL tumors in adults depend on overexpression of BCL-2, an oncogene located on 
chromosome band 18q21 and responsible for B-cell leukemia/lymphoma. BCL-2 is an oncogene that 
inhibits apoptosis, the process of programmed cell death. Its overexpression results in increased cell 
survival. However, overexpression of BCL-2 by itself is not sufficient for FL development and other 
genetic alterations or host factors are required (Figure 1) [5]. 
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Figure 1. The molecular pathogenesis of follicular lymphoma (FL) is a complex process that leads to the 
replication of a malignant B-cell clone of germinal origin. While some steps in this process have been 
elucidated, many remain unknown. Most FL tumors have translocations or mutations that result in increased 
expression of the BCL-2 gene, known to be involved in the tumor transformation process. Approximately 85% 
of cases have a translocation between the long arm of chromosome 18 and the immunoglobulin heavy chain 
gene on chromosome 14, resulting in t(14;18) (q32; q21). BCL-2 is an anti-apoptotic factor that prevents the 
activation of caspases, resulting in prolonged cell survival. Overexpression of BCL-2 is not sufficient to cause 
FL and other factors, such as the tumor microenvironment and other genetic lesions, probably contribute to the 
pathogenesis [5]. 

Since overexpression of BCL-2 is not sufficient for FL development, other genetic lesions or host 
factors must be required [6,7].  

Deep sequencing of FL lymphoma genomes and studies of the FL lymphoma microenvironment 
have led to the identification of mechanisms beyond BCL-2 overexpression that are involved in the 
development of lymphomas [5]. 

The tumor microenvironment, in particular the immunological microenvironment consisting of 
T-cells and dendritic cells, can influence the development and progression of FL [8,9].  

The role of the microenvironment is supported by gene expression profiling and 
immunophenotypic studies that have correlated patient survival with the types of immune cells that 
mingle with the lymphoma, rather than with the gene expression program of the lymphoma itself 
[10,11].  

Communication between tumor cells and the microenvironment appears to be bidirectional and 
probably involves chemokines, chemokine receptors and adhesion molecules, the balance of which 
determines the stimulation or inhibition of tumor cell growth [12,13]. 

2.1. Clinical Manifestations and Pathological Features of Follicular Lymphoma 

FL is one of the most common forms of non-Hodgkin’s lymphoma (NHL). FL occurs in all races 
and in all geographical areas. The worldwide incidence of FL is not known exactly, as epidemiological 
data in some countries are limited by a lack of resources to ascertain cases and for accurate diagnosis. 
Consequently, most epidemiological data come from retrospective analyses of patients treated at 
major centers in the United States and Europe [14]. 

Adults–Most patients with FL present with painless peripheral adenopathy in the cervical, 
axillary, inguinal and/or femoral regions [15,16].  
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Despite the presence of diffuse disease at diagnosis, most patients are asymptomatic and lymph 
node enlargement is the only noticeable abnormality. Only about 20% are present with B symptoms 
(i.e., fever, night sweats or involuntary weight loss) [17].  

Involvement of organs other than lymphatics or bone marrow is uncommon [18,19]. 
Central nervous system involvement is rare, but peripheral nerve compression and epidural 

tumor masses causing cord compression may occur. Other patients present with disease localized to 
the small intestine, most commonly to the second portion of the duodenum, often identified as an 
incidental finding during an endoscopy performed for other reasons [20].  

Children–Rarely, FL occurs in children or adolescents aged 8 to 11 years [21,22].  
Unlike normal reactive follicles, FL nodules are typically tightly packed and vary in size and 

shape.  
Neoplastic follicles may be present throughout the tumor tissue or only in a part of it, with a 

diffuse component occupying the rest of the tumor [15].  
Bone marrow involvement is common and manifests itself mainly in the form of para-trabecular 

lymphoid aggregates [23].  
Low-level peripheral blood involvement is often detected by flow cytometry, but overt blood 

involvement is unusual [24].  
Morphologically, these circulating cells usually present indentations or slits and correspond to 

centrocytes. 
Cytoplasmic BCL2 protein staining is strongly positive in almost all grade 1/2 tumors, in contrast 

to normal hyperplastic germinal center B cells, which are BCL2 negative. However, a high fraction of 
cutaneous FL, infantile FL and grade 3B FL is BCL2 negative [25,26]. 

2.2. Diagnosis 

The diagnosis of FL is preferably made by excisional biopsy of tissue, most commonly a lymph 
node. Histological examination is essential, while immunophenotypic and molecular genetic studies 
can confirm the diagnosis.  

Most patients present with systemic FL. The World Health Organization’s 2016 Classification of 
Tumors of Hematopoietic and Lymphoid Tissues recognize four additional clinical variants of FL: 
Follicular Lymphoma, Intrafollicular Neoplasm/Follicular Neoplasm ‘in situ’, Follicular Lymphoma 
of the Duodenal Type, Predominantly Disseminated Follicular Lymphoma with IRF4 rearrangement 
[14]. 

Follicular lymphoma–The diagnosis of systemic FL is made on the basis of the histological 
examination of a lymph node biopsy, usually in a patient with a history of increasing and decreasing 
lymphadenopathy [15].  

Typically, the tumor shows a distinctly nodular growth pattern and consists o f a  mixture o f 
centrocytes and Centro blasts. 

Mitosis and apoptotic cells, which are common in reactive follicles, are hardly visible. 
The diagnosis can also be made by fine-needle aspiration of the involved lymph nodes, but this 

procedure does not allow the growth pattern to be assessed and classification is problematic. In this 
case, immunophenotypic analysis (generally performed by flow cytometry) plays a central role in 
establishing the diagnosis [14]. 

Follicular neoplasm in situ–Follicular neoplasm in situ (FCI) [27], also known as B-cell neoplasm 
in situ, is a pathological diagnosis used to describe the identification of follicles, usually numerous, 
that have a high B-cell content expressing high levels of BCL2 within a lymph node that otherwise 
lacks the diagnostic features of FL [15,27].  

In some patients with this diagnosis, disseminated FL is found upon further assessment; in these 
cases, the intra-follicular component presumably represents early seeding of FL in a partially 
involved lymph node. Most patients, however, show no signs of FL at further evaluation [28,29].  

Duodenal type FL–Duodenal type FL is recognized as a tumor confined to the intestine (usually 
the duodenum) and typically presents as multiple small polyps [30].  
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This is a rare entity [31,32]. Duodenal type FL is typically confined to the mucosa, shows at least 
a partial follicular growth pattern and has cytological features of grade 1 or 2 [31]. 

2.3. Prognosis 

The course of FL is variable. In some patients, the disease may persist intermittently for five 
years or more without treatment [33]. Other patients, with more disseminated disease and more rapid 
tumor growth, require treatment because massive lymph node or organ enlargement causes pain, 
lymphatic obstruction or organ dysfunction [34]. 

At the time of diagnosis, initial work suggests that the presence of particular pathogenic 
mutations acquired in FL has prognostic value, but further studies are needed to support the 
incorporation of FL genome sequencing into routine care [14].  

Tumor grade–The International Consensus Classification (ICC) classifies FL on a scale of 1 to 3 
[27], while the World Health Organization Classification, compresses FL into two grades, classical 
follicular lymphoma (comprising grades 1 to 3a in the ICC) and follicular large B-cell lymphoma 
(grade 3b in the ICC) [27]. Grade appears to have some prognostic value, particularly grade 3b, which 
is believed to have a more aggressive course than the other FL grades [35,36]. 

2.4. Treatment of FL in Stage I-IV 

Pre-treatment assessment–The pre-treatment assessment allows the extent and aggressiveness 
of the disease to be determined and provides information on the individual’s health status and 
comorbidities that may affect treatment options. 

In addition to the history and physical examination, the preliminary assessment of FL patients 
includes the following elements: review of the pathological evaluation to confirm the appropriateness 
of the histological specimen, laboratory tests [37,38], basic imaging which can be performed by 
computed tomography (CT) with diagnostic quality contrast medium or positron emission 
tomography combined with computed tomography (FDG PET/CT) and fluorodeoxyglucose [39,40].  
The speed at which treatment should be initiated varies depending on the individual patient’s 
condition and available treatment options. 

Initial treatment–The approach to patients with FL depends on the histological grade and 
location of the disease. 

Stage I FL: grades 1, 2 or 3a: treatment with radiotherapy (RT) with curative intent is preferred, 
provided that all involved sites can be contained in a radiation field with minimal toxicity. If RT is 
not feasible, initial observation is preferred [37,38]. 

Stage I FL: grade 3b: Treatment with regimens used for other clinically aggressive lymphomas, 
such as diffuse large B-cell lymphoma, is preferred [37,38]. 

Stage II: grade 1, 2 or 3a: treatment similar to that used for stage III or IV FL is preferred. Other 
physicians offer radiotherapy to a subgroup of these patients [37,38].  

Only about 15-30% of FL patients have stage I or II disease [41,42]. 
Initial management–At the time of diagnosis, the vast majority of patients with FL present with 

stage II (11 to 16%), stage III (22 to 33%) or stage IV (26 to 40%) [43,44].  
The approach to patients with stage III or stage IV FL depends on the histological grade, the 

presence of symptoms or organ dysfunction, and the rhythm of the disease [37,38]. 
Single-agent rituximab–Single-agent rituximab is an alternative to the ‘watch and wait’ strategy 

for patients with asymptomatic, stable, stage II, III or IV FL who want immediate treatment.  
One of the administration schedules used in randomized trials in this context is as follows 

[45,46]: Weekly Rituximab for a total of four doses (days 1, 8 and 22) or weekly Rituximab for four 
weeks, followed by dosing every two months for two years [46].  

Immunotherapy-based treatment–immunotherapy with an anti-CD20 monoclonal antibody 
(e.g., rituximab, obinutuzumab) is a key component of the treatment of patients with symptomatic 
FL [47,48]. 
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Experts differ in their preferred strategy and may choose different approaches depending on the 
patient’s preferences. The three main options, listed in order of increasing intensity, are: rituximab 
administered as a single agent for a defined cycle, rituximab plus chemotherapy administered for six 
to eight cycles, Immunotherapy (rituximab or obinutuzumab) plus chemotherapy, administered for 
six to eight cycles, followed by two years of single agent immunotherapy as maintenance.  

Typically, rituximab plus chemotherapy is administered rather than single-agent rituximab 
because indirect comparisons suggest that this approach produces a more rapid and profound 
response. The single-agent rituximab is an acceptable alternative for patients with comorbid 
conditions that make them poor candidates for chemotherapy and for those with a low tumor burden 
and/or disease that progresses slowly over years [37,38]. 

Chemo-immunotherapy–In prospective studies, many chemotherapy regimens have been 
combined with rituximab or obinutuzumab. 

In general, the BR regimen (bendamustine plus rituximab) is preferred as it has fewer side effects 
and recent studies suggest similar efficacy compared to R-CHOP (cyclophosphamide, doxorubicin, 
vincristine and prednisone plus rituximab) [37,38].  

R-CVP (cyclophosphamide, vincristine and prednisone plus rituximab) is an alternative but is 
expected to result in a lower response rate. 

Obinutuzumab is used in combination with bendamustine, CHOP and CVP, followed by 
maintenance obinutuzumab. In one study, this strategy improved PFS, but was associated with 
increased toxicity and costs [49].  

Fludarabine-based regimens are no longer recommended and are not used due to high toxicity 
in this population [50,51]. 

Although combinations of lenalidomide plus rituximab and lenalidomide plus obinutuzumab 
are emerging as treatment options for patients with FL, they are generally reserved for patients with 
relapsed or refractory FL [37,38]. 

2.5. Treatment of Relapsed or Refractory Follicular Lymphoma 

Evaluation of suspected relapses or resistance–A biopsy is performed prior to treatment with a 
low threshold in order to confirm relapse and assess histological transformation. Imaging with a 
combined positron emission tomography/computed tomography (PET/CT) scan provides a new 
baseline of disease activity, allowing information to be obtained on anatomical areas of involvement 
and their metabolic activity. The biopsy must be performed on a lymph node with the highest PET 
activity. Biopsy is crucial to identify patients with histological transformation, as treatment and 
prognosis differ from those with relapsed FL [52]. 

Indications for treatment–Patients with asymptomatic recurrent FL do not necessarily need 
immediate treatment but should be closely monitored for signs of symptomatic disease. In general, 
the same indications for treatment used for first-line therapy also apply in case of disease recurrence 
or progression [52].  

Treatment goals and therapy selection–Most patients who relapse more than 24 months after 
initial chemo-immunotherapy or more than 12 months after administration of rituximab as a single 
agent require intermittent treatment for decades and survival rates similar to those of the general 
population [53,54]. Although not curative, modern therapies lead to complete or partial remissions 
in series. Treatment focuses on alleviating symptoms, reversing cytopenia and improving quality of 
life.  

For most patients with late relapses, treatment with an anti-CD20 monoclonal antibody 
(rituximab or obinutuzumab), alone or in combination with lenalidomide, rather than immunological 
chemotherapy is suggested.  

Chemotherapy combined with immunotherapy is an acceptable alternative involving more 
intensive therapy administered for a limited duration followed by a period without treatment [52]. 

Since patients with FL present relapses in series, many of them will be treated with several of 
these options and other therapies during the course of the disease. No preferential order for their use 
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has been established. At each relapse, the choice between these options must consider the response 
to previous therapies, comorbidities that may affect suitability for current and future therapies, the 
impact of current treatment decisions on future therapies, and patient preferences. For example, 
treatments that alter T-cell function may have an impact on therapies that rely on the patient’s own 
T-cells (such as chimeric antigen receptor T-cell therapy and bispecific antibodies) [52]. 

Lenalidomide plus anti-CD20 antibody–For most patients, the preferred regimens for the 
treatment of late relapse are lenalidomide plus anti-CD20 antibody, rituximab (R2) and 
obinutuzumab (O-R). These regimens appear to have similar efficacy to chemotherapy combined 
with immunotherapy but have different toxicity [55].  

Single-acting anti-CD20 antibody–Single-acting rituximab and obinutuzumab are acceptable 
alternatives for patients with relapsed FL who have comorbid conditions that make them poor 
candidates for combination therapy and for those with a low tumor burden and/or disease that 
progresses slowly over years. These drugs have a low toxicity profile, good response rates and have 
been shown to delay disease progression in these populations. However, long-term follow-up is 
limited, and it is not known whether OS has improved [52].  

Chemo-immunotherapy–Some experts may offer chemo-immunotherapy at first relapse, 
especially in settings where access to lenalidomide is limited. 

For the majority of patients with relapsed or refractory FL treated with chemotherapy, the use 
of obinutuzumab rather than rituximab is suggested. This preference demonstrated an OS benefit for 
bendamustine plus obinutuzumab over single-agent bendamustine in the relapsed setting [56,57].  

When using chemoimmunotherapy for relapsed FL, the selection of the regimen is mainly based 
on the patient’s exposure to previous chemotherapy, expected toxicities and the physician’s 
experience with the specific regimen [52].  

The combination of BO or BR may be preferred for the patient who has previously received 
therapy that included CVP or CHOP. According to some experts, retreatment with a bendamustine-
based regimen is reasonable for those who have had a long duration of initial remission with BR (e.g., 
five years) [58].  

CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone) plus obinutuzumab (O-
CHOP) or rituximab (R-CHOP) may be preferred for a patient with late recurrence who has 
previously received bendamustine [59,60]. 

Early treatment failure–With conventional chemotherapy regimens, about 20% of patients with 
early treatment failure experience frequent relapses and substantially reduced survival [53,54].  

For most patients with FL and early treatment failure, lenalidomide plus obinutuzumab is 
suggested rather than chemo-immunotherapy; compared to the latter, lenalidomide plus rituximab 
has similar efficacy and a different toxicity profile [52]. 

For patients who can benefit from cell therapy, there is the option of consolidating treatment 
with CAR-T cell therapy, if available, with the aim of achieving long-term remission. Autologous 
HCT is an alternative but more toxic option for patients who achieve complete remission (CR) [52].  

Cell therapy and bispecific antibodies–Mosunetuzumab and epcoritamab are bispecific 
monoclonal antibodies directed against both CD20 of FL and CD3 of cytotoxic T cells. If available, 
these agents are considered an option for patients with multiple relapsed FL with a short duration of 
previous remission (e.g., <24 months). Both can be used instead of or after CAR-T therapy. Although 
initial studies have shown high response rates, they have not been directly compared with other 
therapies or with each other, and longer follow-up is needed to better understand efficacy and 
toxicity. The choice between these drugs is largely driven by the toxicity profile, availability and 
administrative considerations. 

Mosunetuzumab is approved by the FDA and the European Medicines Agency for adults with 
relapsed or refractory FL who have received at least two prior systemic therapies [61,62]. The drug is 
administered intravenously. After an initial stepwise dosing schedule, the drug is administered once 
every 21 days. Patients who achieve a complete response (CR) receive 8 cycles in total, while those 
with a partial response (PR) or stable disease receive up to 17 cycles. The prescribing information 
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contains warnings regarding CRS (cytokine release syndrome), severe infection, tumor flare, tumor 
lysis syndrome and the need to avoid live and/or live-attenuated vaccines [61,62]. 

Epcoritamab is an FDA-approved for adults with relapsed or refractory FL who have received 
at least two prior systemic therapies [63]. Epcoritamab is administered subcutaneously. After an 
initial stepwise dosing schedule, the drug is administered once every 28 days until disease 
progression or unacceptable toxicity. The prescribing information contains warnings about CRS and 
immune effector cell-associated neurotoxicity syndrome (ICANS). There are also warnings and 
precautions for severe infections and cytopenias [63]. 

Data on the efficacy and safety of these agents in FL come from phase 2, multicenter and single-
arm studies. 

CAR-T cell therapy is an option for patients with multiple relapsed FL. The use of CAR-T 
therapy is individualized according to the disease course, availability of other therapies and expected 
toxicity. Since most patients with relapsed FL have favorable outcomes with other less toxic treatment 
options, CAR-T therapy is usually reserved for patients with multiple relapsed FL with a short 
duration of remission (e.g., less than 24 months). Although initial studies suggest that CAR-T therapy 
is effective against relapsed or refractory FL, the quality of evidence is low, the treatment is associated 
with significant toxicity, and the manufacturing process is complex and expensive [52]. 

Transplantation–High-dose chemotherapy with autologous HCT (hematological salvage) has 
been offered to eligible patients who achieve CR after treatment of multiple relapsed disease and to 
patients who achieve CR after treatment of early treatment failure. Both high-dose chemotherapy 
with autologous HCT (hematological salvage) and non-myeloablative or reduced-intensity 
allogeneic HCT are used for the treatment of FL [52]. 

Both autologous HCT and allogeneic HCT appear to have a positive impact on the survival of 
patients with relapsed FL [64]. 

3. Bispecific Antibodies: Focus on Mosunetuzumab 

The Bispecific antibodies (bsAbs) are engineered molecules designed to target 
two different epitopes or antigens. The mechanism of action is determined by the molecular 

targets and the structure (or format) of the bsAbs, which can be manipulated to create variable and 
novel functionalities, including binding between immune cells and cancer cells or blocking the dual 
signaling pathway. Several bsAbs have already changed the therapeutic landscape of hematological 
malignancies and some solid tumors. 

However, the mechanisms of resistance to these agents are poorly studied and the management 
of toxicities remains challenging. 

Unlike other forms of immunotherapy and targeted therapies, bsAbs can target multiple antigens 
[65]. 

However, the clinical application of this class of agents presents challenges and toxicities, such 
as cytokine release syndrome (CRS), immune effector cell-associated neurotoxicity syndrome 
(ICANS), infusion-related reactions (IRRs) and opportunistic infections [66,67].   

The structure and biological function of bivalent antibodies inspired the design of bsAbs [68,69] 
(Figure 2).  

Engineered antibody production methods have made it possible to generate bsAbs formats with 
different structures, composition and pharmacological properties. With bsAbs, there is no single 
format that can be considered universally optimal, given the need and opportunity to customize 
individual bsAbs for various clinical contexts and specific therapeutic goals [70]. 
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Figure 2. Molecular structure of novel engineered antibodies:. 

(a) mimetic of factor VIII, inhibition of dual signaling, bispecific receptor tyrosine kinase (RTK) 
inhibitor (BsRTI), bispecific checkpoint inhibitor (BsCPI), double ligand inhibitor (DLI), extended 
half-life ligand inhibitor (HLE)  

(b) T cell engager (TCE). Imagine modified from [65]. 
The bsAbs are classified into two categories: IgG-like (with Fc regions) and non-IgG-like (without 

Fc regions). IgG-like bsAbs offer greater solubility, stability, purification and half-life, avoiding 
antibody-dependent cellular cytotoxicity or complement-dependent cytotoxicity through genetic 
modification [71].  

Non-IgG-like bsAbs have better tissue penetration and faster renal clearance, but a shorter 
plasma half-life. Non-IgG-like bsAbs, produced using Fab fragments or linking variable domains, 
include bsAbs based on scFv (single-chain variable fragments), nanobodies and dock-and-lock (DNL) 
antibodies [72].  

Single-chain variable fragments (scFv) retain specificity and antigen-binding capacity. ScFv-
based bsAbs offer excellent tissue permeability and reduced immunogenicity but have a short half-
life [65]. 

Mechanisms of action of bispecific antibodies–The biological targets of bsAbs dictate their 
mechanisms of action and therapeutic effect, and bsAbs can be classified accordingly (Figure 3A, B, 
C): Immune cell engagers: bispecific T cell engagers (TCEs) are designed to link endogenous CD4+ 
and CD8+ T cells with tumor cells by simultaneously binding to the CD3 epsilon subunit of T cell 
receptor (TCR) complexes and selected tumor-associated antigen (TAA) [73,74]. This interaction 
activates T cells, some of which are cytotoxic or demonstrate pro-inflammatory activity that facilitates 
tumor cell killing [75], Modulation of the immune checkpoint: dual ICP-blocking bsAbs bind an 
inhibitory ICP receptor (e.g., PD-1, CTLA-4, LAG-3 or TIGIT) on the T-cell surface with one arm, 
while the other arm binds another ICP receptor on the T-cell, tumor cell or antigen-presenting cell. 
[76], Blocking signaling pathways: BsAbs can block two distinct antigens or several regions of a single 
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antigen in signaling pathways. The dual targeting of driver signaling pathways may increase the 
efficacy of bsAbs treatment [77] and reduce the occurrence of resistance [78].  

There are several ways in which bsAbs can affect two pathways.  
The main mechanism of action is to block receptor-ligand interactions, thereby inhibiting 

downstream signaling cascades.  
Secondly, bsAbs can induce receptor internalization, thus preventing receptor cross-linking 

(homodimerization and/or heterodimerization), resulting in downstream effects such as suppression 
of angiogenesis and inhibition of cell proliferation [79].  

Third, IgG-based bsAbs carrying the Fc structure can promote ADCP (antibody-dependent 
cellular phagocytosis) and ADCC (antibody-dependent cellular cytotoxicity) by further inducing 
apoptosis [80]. 

BsAbs can address emerging resistance to tyrosine kinase inhibitors (TKIs). This may occur 
through TKI-induced up-regulation of alternative pathways, such as the activation of the 
mesenchymal-epithelial transition (MET) pathway observed in EGFR-mutated NSCLC [81]. 

 

Figure 3. Mechanisms of action of bispecific antibodies (bsAbs):. 

(A) Bispecific T-cell engagers.  
(i) bsAb binds the CD3 subunit of the T-cell receptor (TCR) and the selected tumor-associated 

antigen (TAA) to facilitate the formation of a synapse between the two cell types; the synapse activates 
the T-cells, which can release perforins and granzymes to lyse the tumor cells.  

(ii) Bispecific γδ T cell engagers simultaneously bind Vγ9Vδ2 receptors and a specific TAA to 
activate T cells, release perforins and granzymes and lyse tumor cells. 

(iii) Bispecific natural killer (NK) cell engagers simultaneously bind CD16 receptors and a 
specific TAA to activate NK cells, release perforins and granzymes and lyse tumor cells.  

(B) Modulation of the immune checkpoint (ICP).  
(i) Immune checkpoint-blocking bsAb simultaneously bind lymphocyte activation gene 3 (LAG3) 

on the T-cell surface and programmed death ligand 1 (PD-L1) on tumor or antigen-presenting cells, 
amplifying T-cell activation, which release perforins and granzymes and lyse tumor cells, reducing 
LAG3 expression.  

(ii) BsAb affects the ICP simultaneously with a molecule involved in other signaling pathways. 
(C) Blocking the signal pathway.  
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(i) BsAb simultaneously bind the epidermal growth factor receptor (EGFR) and cMET, blocking 
ligand-induced phosphorylation, promoting inhibition of downstream signaling cascades and 
stimulating receptor degradation.  

(ii) Biparatopic bsAb binds two separate epitopes on the same target.  
Abbreviations: APC, antigen-presenting cell; CD, differentiation cluster; CTLA4, cytotoxic T 

lymphocyte antigen 4; MHC, major histocompatibility complex; PD-1, programmed death 1 [65]. 
Imagine modified from [65]. 

Limitations and toxicities of bispecific antibodies–Cytokine release syndrome: CRS results 
from excessive and rapid activation of immune cells leading to hypersecretion of circulating pro-
inflammatory cytokines such as interleukin (IL)-6, interferon-gamma (IFN-γ) and TNF-α [82,83].  
The severity of CRS can vary from mild and transient to life-threatening with refractory hypotension, 
capillary leak syndrome and multi-organ dysfunction. While CRS of any grade is common and 
expected with bsAb treatment (particularly those targeting CD3, given its mechanism of action), 
severe CRS (G≥3) is uncommon [65]. The onset of bsAb-associated CRS generally occurs within 48 
hours of the first dose [84] and subsides with subsequent treatments. The fact that cytokine induction 
and IL-6 release were commonly associated with the first administration suggests that strategies such 
as gradual dosing or fractionation of the first dose would contribute to optimal immune system 
‘priming’ with gradual activation rather than the early and uncontrolled inflammatory response 
expected with a fixed-dose regimen [85]. 

Immune effector cell-associated neurotoxicity syndrome: ICANS (Immune effector cell-
associated neurotoxicity syndrome) is a severe neurological toxicity of immunotherapies, including 
bsAb. Although it often co-occurs with CRS, it is considered a separate syndrome with distinct onset 
time and pathophysiology [86]. 

ICANS results from the hyperactivation of immune effector cells, including T cells redirected by 
bsAb. This leads to the release of cyto/chemokines that result in endothelial cell activation, disruption 
of the blood-brain barrier (BBB-brain barrier) and damage to neuronal cells by neurotoxins [87].  

Infusion-related reactions: IRRs (infusion-related reactions) typically occur between 10 minutes 
and 4 hours after the start of administration but may appear up to 24 hours later [88].  

The severity of symptoms may vary from mild to moderate to fatal [89,90]. 
IRRs are referred to as ‘type B, bizarre’ adverse drug reactions. These reactions are 

unpredictable, dose-independent and unrelated to the pharmacology of the molecule. IRRs can be 
divided into allergic and non-allergic reactions, although the exact mechanism remains incompletely 
defined [89,91]. 

Opportunistic infections: The use of bsAbs may be associated with opportunistic infections [66], 
particularly in the context of hematological malignancies. Infections associated with bsAbs may 
present variably, e.g., as respiratory or lineage-related infections. Gram-negative bacterial infections 
are common, but fungal (e.g., Aspergillus spp.) and viral (e.g., cytomegalovirus) infections also occur 
[92]. 

Mosunetuzumab–Mosunetuzumab, a pioneering BsAb CD20×CD3, targets CD20 on B cells and 
CD3 on T cells, with a full-length humanized IgG1 structure [93], Figure 4. 
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Figure 4. Mosunetuzumab binds simultaneously to CD3ε, a component of the T-lymphocyte receptor (TCR) 
complex, and CD20, a B-cell surface protein expressed in most B-cell malignancies. Imagine modified from [94]. 

Mosunetuzumab utilizes a native antibody structure that allows concomitant monovalent 
binding to the target epitopes CD3ε (on T cells) and CD20 (on B cells) [93–95]. 

Mosunetuzumab is administered intravenously (EV) in 21-day cycles, with cycle 1 consisting of 
a stepwise dosage: 1 mg on day 1 of cycle 1, 2 mg on day 8 of cycle 1, 60 mg on day 15 of cycle 1, 60 
mg on day 1 of cycle 2, 30 mg on day 1 of cycle 3 and thereafter.  

Treatment is stopped after cycle 8 for patients with complete response (CR), while patients with 
partial response (PR) or stable disease (SD) continue treatment for up to 17 cycles (Figure 5) [96]. The 
approval of mosunetuzumab was based on the results of an international, multicenter, phase 2 study 
of 90 patients with FL RR (relapsed refractory follicular lymphoma) after at least two previous lines 
of systemic therapy [97]. 

 
Figure 5. Mosunetuzumab doses and schedule of administration. Imagine modified from [97]. 

4. Experience in the “A.O. Card G. Panico”: Patient Cases 

Follicular lymphoma (FL) is the second most common form of non-Hodgkin’s lymphoma (NHL) 
and accounts for about 5% of all hematological malignancies [98].  

In Western countries, the age-standardized incidence rate is 2-4 cases of FL per 100,000 people 
per year, with an estimated 13,960 new cases diagnosed in the United States in 2016 and 
approximately 2,220 and 2,500 new cases diagnosed per year in the United Kingdom and France, 
respectively [98].  

Developments in the treatment of FL in the new millennium, primarily the introduction of anti-
CD20 therapies, have led to substantial improvements in survival [99,100]. 

Despite therapeutic advances, FL lymphoma remains an incurable disease, with continuing 
patterns of relapse and increasingly shorter disease control intervals with each line of treatment. 
Although most patients have an indolent disease and remain asymptomatic for decades, and many 
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die with lymphoma rather than from it, some patients have an aggressive clinical course, and 
lymphoma remains the most common cause of death [100]. 

The clinical heterogeneity of FL represents a challenge for physicians, who must consider age, 
comorbidities, likelihood of relapse and accessibility to treatment in order to decide on the most 
appropriate therapeutic strategy at any given time. 

First-line therapy for FL is well defined, and most patients achieve a sustained response to 
chemo-immunotherapy for many years [101,102].  

Patients with localized FL can also be treated with radiotherapy alone or in combination with 
chemo-immunotherapy [103,104].  

Radiotherapy alone may be an appropriate treatment for localized and relapsed FL. However, 
in general, the prognosis in patients with R/R FL, particularly those who have received 2 prior 
therapies, remains poor [105]. 

Patients with multiple relapses require new treatment to address the poor response to previous 
lines of treatment [106]. 

When deciding between treatment options for advanced FL R/R, physicians must weigh the risks 
and benefits of the available options for each specific patient, considering age, comorbidities, 
previous lines of therapy and disease burden, as well as the availability of treatments according to 
the region and patient preferences. With increasing evidence of new treatment options, the treatment 
landscape for FL R/R is constantly evolving.  

Therapies approved in recent years as second- and third-line treatment strategies involve 
various drugs, including rituximab, which may also be useful after standard first-line treatments such 
as bendamustine plus rituximab, particularly in those who achieve a partial response [107]. 

Autologous stem cell transplantation (SCT) is a viable treatment option with potential benefit in 
patients with early failure of chemo-immunotherapy treatment [108]. 

For patients with relapsed or refractory FL who have received at least two previous systemic 
therapies, so-called bispecific BsAbs antibodies are commercially available. 

BsAbs involving T cells are designed to simultaneously bind antigens on the surface of tumor 
cells and CD3 on T cells, thus directing T cells to engage and eliminate tumor cells [109]. 

Mosunetuzumab targeting CD3 and CD20, is approved for patients with FL R/R who have 
received ≥ 2 previous lines of treatment [110]. 

In the A.O. Pia Fondazione di Culto e Religione ‘Card. G. Panico’ in Tricase, in the province of Lecce, 
bispecific antibody therapies have been in use for three years. 

In particular, bsAb mosunetuzumab, first launched as compassionate use programmed in May 
2022 approved at Local Ethical Committee of I.R.C.C.S., Oncology Hospital, Giovanni Paolo II  Bari 
(CEL), and still in use today as a reimbursable drug authorized by AIFA, was approved for the 
treatment of eight patients in the A.O. Pia Fondazione di Culto e Religione ‘Card. G. Panico’ in Tricase, in 
the province of Lecce. 

4.1. Patient Cases 

Patients with relapsed or refractory FL treated with the drug mosunetuzumab, from 2022 to date 
in the A.O. Pia Fondazione di Culto e Religione “Card. G. Panico”, Tricase (Lecce), are number of 
patients= 8.  

6 patients have completed treatment with mosunetuzumab, 1 patient is being treated with 
mosunetuzumab, and 1 patient has changed treatment. 

Below is the clinical history of 3 patients who completed treatment with mosunetuzumab. 

4.1.1. Patient 1 

Patient 75 years old, ex-smoker, normo-phagic, denies allergic diathesis. 
Medical history: hypertension being treated with anti-hypertensive medication, benign prostatic 

hypertrophy, COPD (chronic obstructive pulmonary disease), in 2004 diagnosis of B-cell non-
Hodgkin’s lymphoma (subdiaphragmatic lymph adenomegaly) stage IIa for which he had R CHOP 
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(rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone) for 6 cycles in another site , 
PORT type CVC wearer since 28/10/2023 (catheter with central venous access) , in 2023 diagnosis of 
peripheral B-cell lymphoma Centro follicular type, stage IIA, bulky abdomen, FLIPI 2 2, GELF score 
2 (follicular lymphoma international prognostic index). 

On 21/09/23 PET CT (Positron Emission Tomography) performs with hyperaccumulation of the 
radiotracer at the known tissue with development in the sn obturator iliac region. In addition, another 
area of hyperaccumulation is observed projecting close to the sigma wall. 

The patient also performs histological examination of abdominal lymph node with 
histopathological findings compatible with peripheral B-cell lymphoma of the Centro follicular type. 

Patient informed about the diagnosis and prognosis of the pathology, also informed about the 
need for chemo-immunotherapy treatment according to the R-BENDA scheme (bendamustine, 
rituximab); this therapy involves the infusion of the drugs for 2 consecutive days every 28 days, for 
a maximum of 6 cycles. 

After an appropriate interview in which the possible benefits and both short- and long-term side 
effects of the proposed treatment were explained, on 13/10/2023 the patient signed informed consent 
to the treatment and received a copy of it. 

The patient is undergoing therapy R-BENDA (rituximab and bendamustine) from 30/10/23 to 
26/03/2024, for 2 consecutive days every 28 days, for a maximum of 6 cycles, without any particular 
complications, good general condition, no symptoms, no neurological disorders, regular feeding, no 
respiratory symptoms, treatable abdomen not painful on palpation, no declivous oedemas, cleansed 
oral cavity.  

On 30/04/24 PET scan (Positron Emission Tomography) performs with persistence of 
hyperaccumulation of the radiotracer at the known tissue located in the left iliac-obturator region, 
diffuse hyperactivity in the parietal thickenings of the colon. 

On 31/05/2024, after further clinical examinations, the patient was nominated for treatment with 
bispecific BsAb antibody mosunetuzumab, as he was refractory to two previous lines: R CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone) and R-BENDA (rituximab and 
bendamustine). 

The patient is informed of the diagnosis and prognosis of the disease, and is also informed of 
the need for immunotherapeutic treatment with mosunetuzumab; this treatment involves the 
infusion of the following drugs: 1 mg on day 1 of cycle 1, 2 mg on day 8 of cycle 1, 60 mg on day 15 
of cycle 1, 60 mg on day 1 of cycle 2, 30 mg on day 1 of cycle 3 and thereafter.  

After an appropriate interview in which the possible benefits and both short- and long-term side 
effects of the proposed treatment were explained, on 24/06/2024 the patient signed informed consent 
to the treatment and received a copy of it. 

Administration of the first cycle of mosunetuzumab as step-up dosing, performed in an in-
patient setting, under observation for possible adverse events. 

The patient is on mosunetuzumab therapy from 25-6-24 to 29-11-24, for a total of 8 cycles (as per 
protocol with complete response), for up to 17 cycles if partial response or stable disease, with good 
general condition, normal objectivity, regular appetite.  

He reports myalgias, especially in the upper limbs, and in particular a few days after the first 
administration of mosunetuzumab (1 mg on day 1 of cycle 1) the patient manifests an itchy skin rash 
at the level of the axillary cords, in the sub-mental region, lumbar region and at the level of the groin. 
He also reported a body temperature of 38.8°. 

All these symptoms can be traced back to side effects of the drug mosunetuzumab, such as CRS 
(cytokine release syndrome), which subsequently resolved. 

On 12/12/2024 he performed PET CT (Positron Emission Tomography).  
Encephalon: no occurrence of encephalic changes before and after MDC (contrast medium). 

Ventricular system in axis, regular for morpho volumetry.  
Neck: no obvious lymph adenomegaly in bilateral latero-cervical site. 
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Thorax: no newly appeared nodular lesions; unchanged were the 8 mm nodulation with 
polygonal morphology on the small scissure on the right, the 4 mm solid nodule in the lateral segment 
of the LID and the 2 mm micro-nodule in the upper segment of the lingula. No ilo mediastinal or 
axillary lymph adenomegaly. No plural or pericardial effusion.  

Abdomen: slight reduction of solid tissue along the left iliac vessels, slight reduction of grade I 
hydronephrosis on the left. Ectasis left common iliac vein. Reduced edematous suffusion of 
mesentery adipose tissue and confluent millimetric lymph nodes at the root of the mesentery. No 
suspicious focal lesions of liver, spleen, pancreas, kidneys and adrenals. No free fluid in abdomen. 

Bone: No osteo-structural changes of a repetitive nature in the bone segments examined. 
Conclusions: Complete metabolic response to established treatment. 
STABLE FINAL PICTURE OF COMPLETE REMISSION. 
On 21/05/2025, a PET CT (Positron Emission Tomography) scan was performed for monitoring 

purposes. 
The patient was in good general condition: afebrile, with no cough, pharyngodynia or peripheral 

edema. 
Chest: No new nodular lesions. No plural or pericardial effusion. 
Abdomen: The solid tissue along the left iliac vessels is unchanged. 
FINAL STABLE PICTURE OF COMPLETE REMISSION CONFIRMED (imagine available but 

not for publication).  

4.1.2. Patient 2 

Patients 48 years old, ex-smoker, congenital monoreme, denies allergy. 
In history: April 2017, Diagnosis of Follicular Lymphoma Grade 3A, Stage IV, FLIPI2=2 (Above 

and below diaphragmatic PET capturing adenopathy’s at left inguinal level, mass at left flank level) 
diagnosed on biopsy right inguinal adenopathy package, during hospitalization, PORT type CVC 
wearer since 02/02/2021 (catheter with central venous access), patient enrolled in Experimental 
Protocol since 05/2017, I dose SARS COV 2 vaccine on 10/4/2021. II dose on 03/5/2021. III dose on 
9/12/22. 

The patient is started on chemo-immunotherapy according to the R-CHOP schedule (rituximab, 
cyclophosphamide, doxorubicin, vincristine, prednisone) for 6 cycles from 03/05/2017 to 23/10/2017 
showing a reduction of about 70% of localized adenopathy’s in the neck and abdomen, also confirmed 
by PET CT (Positron Emission Tomography). 

In the final re-evaluation in November 2017, complete remission with MRD (minimal residual 
disease) is confirmed, which is why the patient resumes therapy with only Rituximab from 14/12/2018 
to 13/05/2020. 

The patient is re-evaluated in December 2020 and January 2021 by performing PET CT (Positron 
Emission Tomography) and lymph node biopsy left inguinal with result of: Recurrence of Grade 2 
Follicular Lymphoma (induction ended in October 2017) STAGE IVa. 

Second-line therapy is started from 02/02/2021 to 06/03/2021 according to scheme R-DHAOX 
(rituximab, dexamethasone, cytarabine, oxaliplatin), at 30% reduced doses of oxaliplatin because the 
patient is mono-renal, followed by collection of peripheral stem cells for subsequent autologous 
transplantation, performed on 09/06/2021 after conditioning chemotherapy with FEAM (fotemustine, 
cytarabine, etoposide, melphalan) scheme, reduced by 30%, from 01/06/2021 to 07/06/2021. 

The patient is re-evaluated after R-DHAOX and ASCT (autologous stem cell transplantation in 
candidate patients) with: Complete remission picture. 

The patient subsequently underwent various hematological follow-up examinations until 
23/04/2024, when he underwent a repeat PET scan (Positron Emission Tomography) on 23/01/2024 
and a lymph node biopsy in which several peri centimetric lymph nodes were recognizable, more 
numerous and voluminous on the right at the level of the neck and in the jugular region 
homolaterally, voluminous inguinofemoral lymph nodes on the left at the level of the inguinal canal, 
subcutaneously in the lower left cervical region and at the level of the right shoulder. Two focal and 
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intense accumulations at the level of nodular lesions on the femur also of pathological significance, 
tenuous accumulation at the level of the lungs of phlogistic nature. 

Conclusion: disease with high metabolic activity in the lymph node and soft tissue context, 
(Figure 6). 

FINAL PICTURE: RECOVERY OF ILLNESS. 

 

 

Figure 6. Differences Pet patient 2 before treatment with mosunetuzumab (23/01/2024) and after 4 cycles of 
mosunetuzumab therapy (01/08/2024). 

The patient is a candidate for treatment with bispecific BsAb antibody mosunetuzumab, as he is 
refractory to two previous lines: R CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, 
prednisone) and R-DHAOX (rituximab, dexamethasone, cytarabine, oxaliplatin) plus ASCT 
(autologous stem cell transplantation in candidate patients). 

The patient is informed of the diagnosis and prognosis of the disease, and is also informed of 
the need for immunotherapy treatment with mosunetuzumab; this treatment involves the infusion 
of the following drugs: 1 mg on day 1 of cycle 1, 2 mg on day 8 of cycle 1, 60 mg on day 15 of cycle 1, 
60 mg on day 1 of cycle 2, 30 mg on day 1 of cycle 3 and thereafter.  

After an appropriate interview in which the possible benefits and both short- and long-term side 
effects of the proposed treatment are explained, the patient signs an informed consent to the 
treatment and receives a copy of it. 

Administration of the first cycle of mosunetuzumab as step-up dosing, performed in an in-
patient setting, under observation for possible adverse events.  

The patient is on mosunetuzumab therapy from 08-05-2024 to 01-10-2024, for a total of 8 cycles 
(as per protocol with complete response), up to a maximum of 17 cycles (if partial response or stable 
disease), with excellent coenesthesia, normal blood count and liver and kidney function. 
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The patient, in particular, had mild problems a few days after the first administration of 
mosunetuzumab (1 mg on day 1 of cycle 1), which were attributable to side effects of the drug 
mosunetuzumab, such as grade 1 CRS (cytokine release syndrome), which later resolved. 

Subsequently, on 01/08/2024 (after 4 cycles of mosunetuzumab) and 11/11/2024 (after 8 cycles of 
mosunetuzumab), the patient underwent PET-CT (Positron Emission Tomography), both of which 
were superimposable in terms of outcome:  

Neck: Overall reduction of the previously reported lymph adenomegalies, most of them all with 
a sub centimetric short axis; markedly reduced the major one in the subclavian area. 

Abdomen: Complex reduction of previously reported lymph adenomegalies in the groin-
femoral area on the left, some of which were not parametrizable and in any case all with a sub 
centimetric short axis. No appearance of focal densitometric changes in the abdominal organs. Non-
dilated bile ducts. No hydroureteronephrosis on the left, no hydroureteronephrosis on the right. No 
free fluid. 

Bone: No focal bone lesions detectable by the method. 
Conclusions: Complete metabolic response to established treatment. 
STABLE FINAL PICTURE OF COMPLETE REMISSION (Figure 6). 
On 19/03/2025, 19/06/2025 and 17/09/2025 (respectively 4, 8 and 12 months after the last 

mosunetuzumab cycle), the patient underwent hematological examinations and PET-CT (Positron 
Emission Tomography) scans: 

The patient is in a stable general condition, is afebrile, and has normal objective findings. 
Thyroid and hepatorenal function are normal. The gallbladder is distended. There is no 

dilatation of the bile ducts. The spleen is normal in terms of morphology and volume. The abdominal 
aorta is of normal caliber. 

FINAL STABLE IMAGE OF COMPLETE REMISSION CONFIRMED. 

4.1.3. Patient 3 

Patient 61 years old, anxiety syndrome, allergy: severe reaction to pegfilgastrim 
September 2022, diagnosed with Follicular Lymphoma Grade 2, Stage IVa, FLIPI-1 score 2 and 

FLIPI-2 score 1, patient wearing PORT-type CVC (catheter with central venous access) since 
24/06/2023, April 2022 SARS-Cov2 infection, (post 3 doses vaccine) and treatment with Evusheld 
(anti-covid drug). 

The patient is started on first-line chemo-immunotherapy according to the schedule O-CHOP 
(obinutuzumab, cyclophosphamide, doxorubicin, vincristine, prednisone) from 18-10-2022 to 30-3-
2023. This therapy involves infusion of the drugs on the first day of each 21-day cycle, for a maximum 
of 6 cycles. At the end of therapy, 2 further administrations of obinutuzumab are planned. In addition 
to the first cycle, weekly administration of obinutuzumab for 3 consecutive weeks. 

The patient was re-evaluated in May 2023 by performing PET scan (positron emission 
tomography) with reduction of radiopharmaceutical accumulation in the known adenopathy 
formation along the mesenterial root, in the lymph nodes in the pre-sacral, bilateral external iliac. 

New tracer uptake in a lymph node at the right internal iliac site. Result of:  
Persistence of disease Follicular lymphoma grade 2 STAGE IVa. 
Second-line therapy (salvage therapy) is started from 15/06/2023 to 20/07/2023, in an in-patient 

setting, according to the schedule R-DHAP (rituximab, dexamethasone, cytarabine and cisplatin) for 
the duration of 1 cycle followed by DHAOX (dexamethasone, cytarabine, oxaliplatin) for the duration 
of 1 cycle. 

The patient was subsequently re-evaluated by performing PET CT (Positron Emission 
Tomography) in which there was progression by extension and metabolic gradient of the voluminous 
radiopharmaceutical accumulation at the level of the right presacral lymph node root and appearance 
of further intense accumulation at the level of nodular thickening in the hypogastric region. Disease 
with high metabolic activity in the pelvic abdominal region. 

FINAL PICTURE: DISEASE IN PROGRESSION. 
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The patient is a candidate for Rituximab and lenalidomide therapy for 6 cycles. 
He is advised of the need for oral treatment with lenalidomide; this oral treatment is performed 

for 28-day cycles with 21 consecutive days of therapy and 7 days off; it is usually continued until 
tolerance/efficacy. 

Third-line therapy with Rituximab and lenalidomide was started from 15/9/2023 to 01/03/2024, 
with several periods of lenalidomide withdrawal due to the appearance of itching and papillomatous 
lesions on the legs and forearms, which then resolved. 

The patient was subsequently re-evaluated by performing PET CT (Positron Emission 
Tomography) on 28/03/2024: stable disease with substantially stable adenopathy mass 

mesenteric and the small iliac femoral lymph nodes (Figure 7). 
FINAL PICTURE: STABLE DISEASE 

 
 

Figure 7. Differences Patient 2 before treatment with mosunetuzumab (28/03/2024) and after 8 cycles of 
mosunetuzumab therapy (11/10/2024). 

The patient is a candidate for treatment with bispecific BsAb antibody mosunetuzumab, as he is 
refractory to three previous lines: O-CHOP (obinutuzumab, cyclophosphamide, doxorubicin, 
vincristine, prednisone), R-DHAP (rituximab, dexamethasone, cytarabine and cisplatin) and DHAOX 
(rituximab, dexamethasone, cytarabine, oxaliplatin), rituximab and lenalidomide. 

The patient is informed of the diagnosis and prognosis of the disease, and is also informed of 
the need for immunotherapy treatment with mosunetuzumab; this treatment involves the infusion 
of the following drugs: 1 mg on day 1 of cycle 1, 2 mg on day 8 of cycle 1, 60 mg on day 15 of cycle 1, 
60 mg on day 1 of cycle 2, 30 mg on day 1 of cycle 3 and thereafter. 

After an appropriate interview in which the possible benefits and both short- and long-term side 
effects of the proposed treatment are explained, the patient signs an informed consent to the 
treatment and receives a copy of it. 

Administration of the first cycle of mosunetuzumab as step-up dosing, performed in an in-
patient setting, under observation for possible adverse events.  
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The patient is on mosunetuzumab therapy from 29/04/2024 to 27/09/2024, for a total of 8 cycles 
(as per protocol), for a maximum of 17 cycles, with good general condition, normal cardiopulmonary 
objectivity, treatable abdomen, not painful on palpation, regular appetite.  

The patient complained of occasional headaches of a familiar character during the first cycle of 
therapy and therefore these were not attributable to the mosunetuzumab infusion. No CRS (cytokine 
release syndrome) was detected and no changes referred to ICANS (immune effector cell associated 
neurotoxicity syndrome). 

The patient underwent PET CT (Positron Emission Tomography) on 16/07/2024 after 4 cycles of 
mosunetuzumab: reduction in extent and capturing entity of the pathological accumulation of 
radiopharmaceuticals at the level of the known lesion at the root of the mesentery, of which only a 
faint capturing remains today. Almost total disappearance of the pathological uptake at the expense 
of the further localizations of disease in the mesogastric, paravesical and retro vesical areas and in 
the lymph node area at the previously described presacral, right external iliac and obturator and left 
external iliac formations. Excellent response to established treatment. 

PET scan (Positron Emission Tomography) performed again on 11/10/2024 after 8 cycles of 
mosunetuzumab: almost complete disappearance of the previously described residual fading at the 
level of the mesentery root, (Figure 7). 

Conclusions: Complete metabolic response to established treatment. 
STABLE FINAL PICTURE OF COMPLETE REMISSION. 
The patient underwent hematological examinations and PET CT (Positron Emission 

Tomography) scans on 30 May, 12 September and 4 November 2025, (respectively 7, 11 and 13 months 
after the last cycle of mosunetuzumab). 

The patient is in good general condition, afebrile, and there is nothing to report on physical 
examination. 

Chest: No hilar-mediastinal or axillary lymphadenopathy. Dilatation of the ascending thoracic 
aorta is essentially stable. 

Abdomen: Initially, there was intense and focal accumulation of lymph node tracer in multiple 
areas of the lateral cervical region, likely related to disease localization. However, after biopsy, no 
cell populations with a pathological tumor marker phenotype were identified. There are no focal 
lesions in the parenchymal organs of the upper abdomen. 

Bone: No suspicious focal bone lesions. 
FINAL STABLE IMAGE OF COMPLETE REMISSION CONFIRMED. 

5. Conclusions 

Follicular lymphoma is the second most common lymphoma in the world. The course of this 
tumor is often characterized by relapsing diseases, increasing refractoriness to anti-CD20 antibodies 
and chemotherapy, and decreasing survival rates with each subsequent therapy.  

Patients with refractory disease or early relapses may have a particularly poor prognosis. 
New effective drugs are needed to overcome treatment resistance and improve the outcome of 

patients with relapsed or refractory follicular lymphoma, with innovative mechanisms of action. 
BsAbs have revolutionized the therapeutic landscape, including FL. The activity of these single-

agent drugs is among the most promising in the field and has led to multiple regulatory approvals. 
BsAbs, such as mosunetuzumab (a bispecific, full-length, IgG1-based monoclonal antibody that 
engages CD20×CD3 T cells and redirects them to eliminate malignant B cells) have produced 
incremental improvements in response rates and duration without new or excessive toxicities and 
are challenging existing and new standards of care, including CAR-Ts, as reflected in the clinical 
history and complete remission of the 3 PATIENT CASES, reviewed. Future research will aim to 
define the optimal role of these agents in the FL treatment algorithm, analyses and address relevant 
toxicities, including cytopenias, infections and high costs, identify mechanisms of resistance and 
ideally suggest strategies to overcome them. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2026 doi:10.20944/preprints202601.0159.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0159.v1
http://creativecommons.org/licenses/by/4.0/


 20 of 25 

 

Author Contributions: “Conceptualization, G.T., T.D. and G.G.; methodology, 
G.T..; validation, D.T.; formal analysis, A.G.F.; resources, G.T., G.G.; data 
curation, G.G.; writing—original draft preparation, G.T.; writing—review and 
editing, G.T., T.D., A.G.F., and D.T.; supervision, D.T. All authors have read 
and agreed to the published version of the manuscript.” D.T. is a 
pharmacologist member of Local Ethical Committee of I.R.C.C.S., Oncology 
Hospital, Giovanni Paolo II, Bari; Director of Hospital School of Pharmacy, 
Department of Pharmacy, Pharmaceutical Sciences, University of Aldo Moro, 
Bari–Italy.: 

Funding: This research did not receive any specific grant from funding 
agencies in the public, 
commercial, or non-profit sectors. 

Conflicts of Interest: “The authors declare no conflicts of interest.”. 

References 

1. Pier Luigi Zinzani, Javier Muñoz and Judith Trotman, et.al. Current and future therapies for follicular 
lymphoma. 2024 

2. Casulo C, Friedberg JW, Ahn KW, Flowers C, DiGilio A, Smith SM, et al. Autologous transplantation in 
follicular lymphoma with early therapy failure: a National LymphoCare Study and Center for International 
Blood and Marrow Transplant Research Analysis. Biol Blood Marrow Transpl. 2018;24(6):1163–71 

3. World health organization classification of tumours of haematopoietic and lymphoid tissues, revised 4th 
edition, Swerdlow SH, Campo E, Harris NL, et al. (Eds), IARC, Lyon 2017. 

4. Ottensmeier CH, Thompsett AR, Zhu D, et al. Analysis of VH genes in follicular and diffuse lymphoma 
shows ongoing somatic mutation and multiple isotype transcripts in early disease with changes during 
disease progression. Blood 1998; 91:4292. 

5. Jennifer R Brown, MD, PhDArnold S Freedman, MDJon C Aster, MD, PhD Andrew Lister, Rebecca F 
Connor, et al. Pathobiology of follicular lymphoma 2025 

6. Nuñez G, Hockenbery D, McDonnell TJ, et al. Bcl-2 maintains B cell memory. Nature 1991; 353:71. 
7. McDonnell TJ, Deane N, Platt FM, et al. bcl-2-immunoglobulin transgenic mice demonstrate extended B 

cell survival and follicular lymphoproliferation. Cell 1989; 57:79. 
8. Bende RJ, Smit LA, van Noesel CJ. Molecular pathways in follicular lymphoma. Leukemia 2007; 21:18. 
9. Lindhout E, Mevissen ML, Kwekkeboom J, et al. Direct evidence that human follicular dendritic cells (FDC) 

rescue germinal centre B cells from death by apoptosis. Clin Exp Immunol 1993; 91:330. 
10. Dave SS, Wright G, Tan B, et al. Prediction of survival in follicular lymphoma based on molecular features 

of tumor-infiltrating immune cells. N Engl J Med 2004; 351:2159. 
11. Glas AM, Knoops L, Delahaye L, et al. Gene-expression and immunohistochemical study of specific T-cell 

subsets and accessory cell types in the transformation and prognosis of follicular lymphoma. J Clin Oncol 
2007; 25:390. 

12. Coupland SE. The challenge of the microenvironment in B-cell lymphomas. Histopathology 2011; 58:69. 
13. Laurent C, Müller S, Do C, et al. Distribution, function, and prognostic value of cytotoxic T lymphocytes in 

follicular lymphoma: a 3-D tissue-imaging study. Blood 2011; 118:5371. 
14. Jennifer R Brown, MD, PhDArnold S Freedman, MDJon C Aster, MD, PhD Andrew Lister, Rebecca F 

Connor, et al. Clinical manifestations, pathological features, diagnosis, and prognosis of follicular 
lymphoma 2025 

15. World Health Organization Classification of Tumours of Haematopoietic and Lymphoid Tissues, 
Swerdlow SH, Campo E, Harris NL, et al. (Eds), IARC Press, Lyon 2008. 

16. Solal-Céligny P, Roy P, Colombat P, et al. Follicular lymphoma international prognostic index. Blood 2004; 
104:1258. 

17. Martin AR, Weisenburger DD, Chan WC, et al. Prognostic value of cellular proliferation and histologic 
grade in follicular lymphoma. Blood 1995; 85:3671. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2026 doi:10.20944/preprints202601.0159.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0159.v1
http://creativecommons.org/licenses/by/4.0/


 21 of 25 

 

18. Anderson T, Chabner BA, Young RC, et al. Malignant lymphoma. 1. The histology and staging of 473 
patients at the National Cancer Institute. Cancer 1982; 50:2699. 

19. Fernández de Larrea C, Martínez-Pozo A, Mercadal S, et al. Initial features and outcome of cutaneous and 
non-cutaneous primary extranodal follicular lymphoma. Br J Haematol 2011; 153:334. 

20. Rasmussen PK, Coupland SE, Finger PT, et al. Ocular adnexal follicular lymphoma: a multicenter 
international study. JAMA Ophthalmol 2014; 132:851. 

21. Weindorf SC, Smith LB, Owens SR. Update on Gastrointestinal Lymphomas. Arch Pathol Lab Med 2018; 
142:1347. 

22. Louissaint A Jr, Ackerman AM, Dias-Santagata D, et al. Pediatric-type nodal follicular lymphoma: an 
indolent clonal proliferation in children and adults with high proliferation index and no BCL2 
rearrangement. Blood 2012; 120:2395. 

23. Canioni D, Brice P, Lepage E, et al. Bone marrow histological patterns can predict survival of patients with 
grade 1 or 2 follicular lymphoma: a study from the Groupe d’Etude des Lymphomes Folliculaires. Br J 
Haematol 2004; 126:364. 

24. Sarkozy C, Baseggio L, Feugier P, et al. Peripheral blood involvement in patients with follicular lymphoma: 
a rare disease manifestation associated with poor prognosis. Br J Haematol 2014; 164:659. 

25. Flenghi L, Bigerna B, Fizzotti M, et al. Monoclonal antibodies PG-B6a and PG-B6p recognize, respectively, 
a highly conserved and a formol-resistant epitope on the human BCL-6 protein amino-terminal region. Am 
J Pathol 1996; 148:1543. 

26. Pittaluga S, Ayoubi TA, Wlodarska I, et al. BCL-6 expression in reactive lymphoid tissue and in B-cell non-
Hodgkin’s lymphomas. J Pathol 1996; 179:145. 

27. Campo E, Jaffe ES, Cook JR, et al. The International Consensus Classification of Mature Lymphoid 
Neoplasms: a report from the Clinical Advisory Committee. Blood 2022; 140:1229. 

28. Jegalian AG, Eberle FC, Pack SD, et al. Follicular lymphoma in situ: clinical implications and comparisons 
with partial involvement by follicular lymphoma. Blood 2011; 118:2976. 

29. Tellier J, Menard C, Roulland S, et al. Human t (14;18) positive germinal center B cells: a new step in 
follicular lymphoma pathogenesis? Blood 2014; 123:3462. 

30. Yoshino T, Chott A. Duodenal-type follicular lymphoma. In: WHO Classification of Tumours: Digestive 
System Tumours, 5th, International Agency for Research on Cancer, Lyon 2019. p.383. 

31. Schmatz AI, Streubel B, Kretschmer-Chott E, et al. Primary follicular lymphoma of the duodenum is a 
distinct mucosal/submucosal variant of follicular lymphoma: a retrospective study of 63 cases. J Clin Oncol 
2011; 29:1445 

32. Mori M, Kobayashi Y, Maeshima AM, et al. The indolent course and high incidence of t (14;18) in primary 
duodenal follicular lymphoma. Ann Oncol 2010; 21:1500. 

33. Horning SJ, Rosenberg SA. The natural history of initially untreated low-grade non-Hodgkin’s lymphomas. 
N Engl J Med 1984; 311:1471. 

34. Casulo C, Byrtek M, Dawson KL, et al. Early Relapse of Follicular Lymphoma After Rituximab Plus 
Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone Defines Patients at High Risk for Death: An 
Analysis From the National LymphoCare Study. J Clin Oncol 2015; 33:2516. 

35. Hans CP, Weisenburger DD, Vose JM, et al. A significant diffuse component predicts for inferior survival 
in grade 3 follicular lymphoma, but cytologic subtypes do not predict survival. Blood 2003; 101:2363. 

36. Horn H, Schmelter C, Leich E, et al. Follicular lymphoma grade 3B is a distinct neoplasm according to 
cytogenetic and immunohistochemical profiles. Haematologica 2011; 96:1327. 

37. Jennifer R Brown, MD, PhDArnold S Freedman, MDJon C Aster, MD, PhD Andrew Lister, Rebecca F 
Connor, et al. Initial treatment of stage I follicular lymphoma 2025 

38. Jennifer R Brown, MD, PhDArnold S Freedman, MDJon C Aster, MD, PhD Andrew Lister, Rebecca F 
Connor, et al. Initial treatment of stage II to IV follicular lymphoma 2025 

39. Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for initial evaluation, staging, and response 
assessment of Hodgkin and non-Hodgkin lymphoma: the Lugano classification. J Clin Oncol 2014; 32:3059. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2026 doi:10.20944/preprints202601.0159.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0159.v1
http://creativecommons.org/licenses/by/4.0/


 22 of 25 

 

40. Luminari S, Biasoli I, Arcaini L, et al. The use of FDG-PET in the initial staging of 142 patients with follicular 
lymphoma: a retrospective study from the FOLL05 randomized trial of the Fondazione Italiana Linfomi. 
Ann Oncol 2013; 24:2108. 

41. Friedberg JW, Taylor MD, Cerhan JR, et al. Follicular lymphoma in the United States: first report of the 
national LymphoCare study. J Clin Oncol 2009; 27:1202. 

42. Dinnessen MAW, van der Poel MWM, Tonino SH, et al. Stage-specific trends in primary therapy and 
survival in follicular lymphoma: a nationwide population-based analysis in the Netherlands, 1989-2016. 
Leukemia 2021; 35:1683. 

43. Nooka AK, Nabhan C, Zhou X, et al. Examination of the follicular lymphoma international prognostic 
index (FLIPI) in the National LymphoCare study (NLCS): a prospective US patient cohort treated 
predominantly in community practices. Ann Oncol 2013; 24:441. 

44. Friedberg JW, Taylor MD, Cerhan JR, et al. Follicular lymphoma in the United States: first report of the 
national LymphoCare study. J Clin Oncol 2009; 27:1202. 

45. Ardeshna KM, Qian W, Smith P, et al. Rituximab versus a watch-and-wait approach in patients with 
advanced-stage, asymptomatic, non-bulky follicular lymphoma: an open-label randomised phase 3 trial. 
Lancet Oncol 2014; 15:424. 

46. Cartron G, Bachy E, Tilly H, et al. Randomized Phase III Trial Evaluating Subcutaneous Rituximab for the 
First-Line Treatment of Low-Tumor Burden Follicular Lymphoma: Results of a LYSA Study. J Clin Oncol 
2023; 41:3523. 

47. Marcus R, Imrie K, Belch A, et al. CVP chemotherapy plus rituximab compared with CVP as first-line 
treatment for advanced follicular lymphoma. Blood 2005; 105:1417. 

48. Schulz H, Bohlius J, Skoetz N, et al. Chemotherapy plus Rituximab versus chemotherapy alone for B-cell 
non-Hodgkin’s lymphoma. Cochrane Database Syst Rev 2007:CD003805. 

49. Marcus R, Davies A, Ando K, et al. Obinutuzumab for the First-Line Treatment of Follicular Lymphoma. 
N Engl J Med 2017; 377:1331. 

50. Czuczman MS, Koryzna A, Mohr A, et al. Rituximab in combination with fludarabine chemotherapy in 
low-grade or follicular lymphoma. J Clin Oncol 2005; 23:694 

51. Federico M, Luminari S, Dondi A, et al. R-CVP versus R-CHOP versus R-FM for the initial treatment of 
patients with advanced-stage follicular lymphoma: results of the FOLL05 trial conducted by the 
Fondazione Italiana Linfomi. J Clin Oncol 2013; 31:1506 

52. Jennifer R Brown, MD, PhDArnold S Freedman, MDJon C Aster, MD, PhD Andrew Lister, Rebecca F 
Connor, et al. Treatment of relapsed or refractory follicular lymphoma 2025 

53. Casulo C, Byrtek M, Dawson KL, et al. Early Relapse of Follicular Lymphoma After Rituximab Plus 
Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone Defines Patients at High Risk for Death: An 
Analysis From the National LymphoCare Study. J Clin Oncol 2015; 33:2516. 

54. Maurer MJ, Bachy E, Ghesquières H, et al. Early event status informs subsequent outcome in newly 
diagnosed follicular lymphoma. Am J Hematol 2016; 91:1096. 

55. Yamshon S, Christos PJ, Demetres M, et al. Venous thromboembolism in patients with B-cell non-Hodgkin 
lymphoma treated with lenalidomide: a systematic review and meta-analysis. Blood Adv 2018; 2:1429. 

56. Marcus R, Davies A, Ando K, et al. Obinutuzumab for the First-Line Treatment of Follicular Lymphoma. 
N Engl J Med 2017; 377:1331. 

57. Cheson BD, Chua N, Mayer J, et al. Overall Survival Benefit in Patients With Rituximab-Refractory Indolent 
Non-Hodgkin Lymphoma Who Received Obinutuzumab Plus Bendamustine Induction and 
Obinutuzumab Maintenance in the GADOLIN Study. J Clin Oncol 2018; 36:2259. 

58. Hiddemann W, Barbui AM, Canales MA, et al. Immunochemotherapy With Obinutuzumab or Rituximab 
for Previously Untreated Follicular Lymphoma in the GALLIUM Study: Influence of Chemotherapy on 
Efficacy and Safety. J Clin Oncol 2018; 36:2395. 

59. Van Oers MH, Klasa R, Marcus RE, et al. Rituximab maintenance improves clinical outcome of 
relapsed/resistant follicular non-Hodgkin lymphoma in patients both with and without rituximab during 
induction: results of a prospective randomized phase 3 intergroup trial. Blood 2006; 108:3295. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2026 doi:10.20944/preprints202601.0159.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0159.v1
http://creativecommons.org/licenses/by/4.0/


 23 of 25 

 

60. Van Oers MH, Van Glabbeke M, Giurgea L, et al. Rituximab maintenance treatment of relapsed/resistant 
follicular non-Hodgkin’s lymphoma: long-term outcome of the EORTC 20981 phase III randomized 
intergroup study. J Clin Oncol 2010; 28:2853. 

61. Mosunetuzumab product information. https://www.ema.europa.eu/en/documents/product-
information/lunsumio-epar-product-information_en.pdf  

62. Mosunetuzumab-axgb injection, for intravenous use. United States prescribing information. US Food and 
Drug Administration. https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/761263s000lbl.pdf  

63. Epcoritamab-bysp injection. US Food & Drug Administration (FDA) approved product information. US 
National Library of Medicine. (Available online at www.dailymed.nlm.nih.gov/dailymed/index.cfm). 

64. Oliansky DM, Gordon LI, King J, et al. The role of cytotoxic therapy with hematopoietic stem cell 
transplantation in the treatment of follicular lymphoma: an evidence-based review. Biol Blood Marrow 
Transplant 2010; 16:443 

65. Mercedes Herrera, Giulia Pretelli, Jayesh Desai, Elena Garralda, Lillian L. Siu, Thiago M. Steiner, and Lewis 
Au, et al. Bispecific antibodies: advancing precision oncology 2024 

66. Longhitano, A.P. et al. (2021) Bispecific antibody therapy, its use and risks for infection: bridging the 
knowledge gap. Blood Rev. 49, 100810 

67. Park, K. et al. (2023) Management of infusion-related reactions (IRRs) in patients receiving amivantamab 
in the CHRYSALIS study. Lung Cancer 178, 166–171 

68. Labrijn, A. et al. (2019) Bispecific antibodies: a mechanistic review of the pipeline. Nat. Rev. Drug Discov. 
18, 585–608 

69. Chiu, M.L. et al. (2019) Antibody structure and function: the basis for engineering therapeutics. Antibodies 
(Basel) 8, 55 

70. Brinkmann, U. and Kontermann, R.E. (2017) The making of bispecific antibodies. MAbs 9, 182–212 
71. Ko, S. et al. (2022) An Fc variant with two mutations confers prolonged serum half-life and enhanced 

effector functions on IgG antibodies. Exp. Mol. Med. 54, 1850–1861 
72. Yu, J. et al. (2020) How to select IgG subclasses in developing anti-tumor therapeutic antibodies. J. Hematol. 

Oncol. 13, 45 
73. Dreier, T. et al. (2003) T cell costimulus-independent and very efficacious inhibition of tumor growth in 

mice bearing subcutaneous r leukemic human B cell lymphoma xenografts by a CD19-/CD3- bispecific 
single-chain antibody construct. J. Immunol. 170, 4397–4402 

74. van der Merwe, P.A. and Dushek, O. (2011) Mechanisms for T cell receptor triggering. Nat. Rev. Immunol. 
11, 47–55 

75. Van de Donk, N.W.C.J. and Zweegman, S. (2023) T-cell engaging bispecific antibodies in cancer. Lancet 
402, 142–158 

76. Mollavelioglu, B. et al. (2022) High co-expression of immune checkpoint receptors PD-1, CTLA-4, LAG-3, 
TIM-3, and TIGIT on tumor-infiltrating lymphocytes in early-stage breast cancer. World J. Surg. Oncol. 20, 
349 

77. Huang, S. et al. (2020) Bispecific antibodies targeting dual tumor-associated antigens in cancer therapy. J. 
Cancer Res. Clin. Oncol. 146, 3111–3122 

78. Ma, J. et al. (2021) Bispecific antibodies: from research to clinical application. Front. Immunol. 12, 626616 
79. Zhu, Y. et al. (2015) Multifunctional receptor-targeting antibodies for cancer therapy. Lancet Oncol. 16, 

e543–e554 
80. Gogesch, P. et al. (2021) The role of Fc receptors on the effectiveness of therapeutic monoclonal antibodies. 

Int. J. Mol. Sci. 22, 8947 
81. Westover, D. et al. (2018) Mechanisms of acquired resistance to first- and second-generation EGFR tyrosine 

kinase inhibitors. Ann. Oncol. 29, i10–i19 
82. Shimabukuro-Vornhagen, A. et al. (2018) Cytokine release syndrome. J. Immunother. Cancer 6, 56 
83. Leclercq-Cohen, G. et al. (2023) Dissecting the mechanisms underlying the cytokine release syndrome 

(CRS) mediated by T-cell bispecific antibodies. Clin. Cancer Res. 29, 4449–4463 
84. Markouli, M. et al. (2023) Toxicity profile of chimeric antigen receptor T-cell and bispecific antibody 

therapies in multiple myeloma: pathogenesis, prevention and management. Curr. Oncol. 30, 6330–6352 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2026 doi:10.20944/preprints202601.0159.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0159.v1
http://creativecommons.org/licenses/by/4.0/


 24 of 25 

 

85. Ball, K. et al. (2023) Strategies for clinical dose optimization of T cell-engaging therapies in oncology. MAbs 
15, 2181016 

86. Morris, E.C. et al. (2022) Cytokine release syndrome and associated neurotoxicity in cancer 
immunotherapy. Nat. Rev. Immunol. 22, 85–96 

87. Gu, T. et al. (2022) Mechanisms of immune effector cell associated neurotoxicity syndrome after CAR-T 
treatment. WIREs Mech. Dis. 14, e1576 

88. Calogiuri, G. et al. (2008) Hypersensitivity reactions to last generation chimeric, humanized [correction of 
umanized] and human recombinant monoclonal antibodies for therapeutic use. Curr. Pharm. Des. 14, 2883–
2891 

89. Rombouts, M.D. et al. (2020) Systematic review on infusion reactions to and infusion rate of monoclonal 
antibodies used in cancer treatment. Anticancer Res. 40, 1201–1218 

90. Doessegger, L. and Banholzer, M.L. (2015) Clinical development methodology for infusion-related 
reactions with monoclonal antibodies. Clin. Transl. Immunol. 4, e39 

91. Cáceres, M.C. et al. (2019) The importance of early identification of infusion-related reactions to monoclonal 
antibodies. Ther. Clin. Risk Manag. 15, 965–977 

92. Reynolds, G. et al. (2023) Infections following bispecific antibodies in myeloma: a systematic review and 
meta-analysis. Blood Adv. 7, 5898–5903 

93. Ferl GZ, et al. 2018 A Preclinical Population Pharmacokinetic Model for Anti-CD20/CD3 T-Cell-Dependent 
Bispecific Antibodies;11:296–304;  

94. Cancemi, G.; Campo, C.; Caserta, S.; Rizzotti, I.; Mannina, D. Single-Agent and Associated Therapies with 
Monoclonal Antibodies: What About Follicular Lymphoma? Cancers 2025, 17, 1602 

95. Vital EM, et al. B-cell depletion. In: Rheumatology 2015:472–78 
96. Budde LE, Sehn LH, Matasar M, Schuster SJ, Assouline S, Giri P, Kuruvilla J, Canales M, Dietrich S, Fay K. 

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(8):1055–1065. 
doi:10.1016/S1470- 2045(22)00335-7.  

97. Alfredo Rivas-Delgado, Ivan Landego & Lorenzo Falchi (2024) The landscape of T-cell engagers for the 
treatment of follicular lymphoma, OncoImmunology, 13:1, 2412869, DOI: 10.1080/2162402X.2024.2412869 

98. Carbone A, Roulland S, Gloghini A, Younes A, von Keudell G, López Guillermo A, Fitzgibbon J. Follicular 
lymphoma. Nat Rev Dis Primers. 2019;5(1):83. 

99. Salles G, Ghesquières H. Current and future management of follicular lymphoma. Int J Hematol. 2012; 
96:544–51. 

100. Sarkozy C, Maurer MJ, Link BK, Ghesquieres H, Nicolas E, Thompson CA, et al. Cause of death in follicular 
lymphoma in the first decade of the rituximab era: a pooled analysis of French and US cohorts. J Clin Oncol. 
2019;37(2):144 

101. Marcus R, Davies A, Ando K, Klapper W, Opat S, Owen C, et al. Obinutuzumab for the first-line treatment 
of follicular lymphoma. N Engl J Med. 2017;377(14):1331–44. 

102. Morschhauser F, Nastoupil L, Feugier P, De Colella J-MS, Tilly H, Palomba ML, et al. Six-year results from 
RELEVANCE: lenalidomide plus rituximab (R2) versus rituximab-chemotherapy followed by rituximab 
maintenance in untreated advanced follicular lymphoma. J Clin Oncol. 2022;40(28):3239. 

103. Mauro GP, Medici CTM, Casimiro LC, Weltman E. Radiotherapy for early and advanced stages follicular 
lymphoma. Clinics. 2021;76: e2059. 

104. MacManus M, Fisher R, Roos D, O’Brien P, Macann A, Davis S, et al. Randomized trial of systemic therapy 
after involved-field radiotherapy in patients with early-stage follicular lymphoma: TROG 99.03. J Clin 
Oncol. 2018;36(29):2918–25. 

105. Casulo C, Larson MC, Lunde JJ, Habermann TM, Lossos IS, Wang Y, et al. Treatment patterns and outcomes 
of patients with relapsed or refractory follicular lymphoma receiving three or more lines of systemic 
therapy (LEO CReWE): a multicentre cohort study. Lancet Haematol. 2022;9(4): e289–300. 

106. National Comprehensive Cancer Network. B-Cell Lymphomas. (Version 5.2022). 2022. 
https://www.nccn.org/professionals/physician_gls/pdf/b-cell. pdf. Accessed 20 Aug 2023. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2026 doi:10.20944/preprints202601.0159.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0159.v1
http://creativecommons.org/licenses/by/4.0/


 25 of 25 

 

107. Hill BT, Nastoupil L, Winter AM, Becnel MR, Cerhan JR, Habermann TM, et al. Maintenance rituximab or 
observation after frontline treatment with bendamustine- rituximab for follicular lymphoma. Br J 
Haematol. 2019;184(4):524–35. 

108. Casulo C, Friedberg JW, Ahn KW, Flowers C, DiGilio A, Smith SM, et al. Autologous transplantation in 
follicular lymphoma with early therapy failure: a National LymphoCare Study and Center for International 
Blood and Marrow Transplant Research Analysis. Biol Blood Marrow Transpl. 2018;24(6):1163–71. 

109. Wu Y, Yi M, Zhu S, Wang H, Wu K. Recent advances and challenges of bispecific antibodies in solid tumors. 
Exp Hematol Oncol. 2021;10(1):1–14. 

110. Budde LE, Sehn LH, Matasar M, Schuster SJ, 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(8):1055–65. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2026 doi:10.20944/preprints202601.0159.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.0159.v1
http://creativecommons.org/licenses/by/4.0/

