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Abstract Monoclonal antibodies (mAbs) have witnessed significant advancements in recent years, offering 
promising therapeutic options for the management of complex and multifactorial diseases. Despite 
their success, conventional mAbs exhibit limitations such as restricted targeting capacity and 
suboptimal immune activation, which has driven the development of bispecific monoclonal antibodies 
(BsAbs) capable of engaging multiple antigens simultaneously. Among these, CD3-bispecific mAbs 
have emerged as a potent class of immunotherapeutics, capable of activating T cells and inducing 
T cell-mediated cytotoxicity against target cells, particularly in cancer immunotherapy. This review 
highlights several representative formats of BsAbs, elucidates their underlying mechanisms of action, 
and discusses current design strategies for CD3-bispecific mAbs. Emphasis is placed on optimizing 
their therapeutic efficacy while minimizing adverse effects, supported by recent drug development 
examples and clinical applications.
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Introduction

Background of monoclonal antibodies (mAbs)
Since the discovery of the first monoclonal antibody 
(mAb) in 1975, this class of therapeutics has rapidly 
advanced and profoundly transformed modern 
medicine (1, 2). Produced by a single clone of B 
cells, monoclonal antibodies are highly uniform 
immunoglobulins capable of specifically recognizing 

and binding to particular antigenic epitopes (3, 4). The 
first mAb to receive approval from the United States 
Food and Drug Administration (FDA) was muromonab-
CD3, commercially known as Orthoclone OKT3, in 
1986; however, it was later withdrawn from clinical 
use due to significant toxicity concerns (3). Over time, 
to address the strong immunogenicity triggered by 
non-human protein sequences, monoclonal antibodies 
have evolved from murine to chimeric, humanized, 
and ultimately fully human forms (1). Today, they are 
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extensively applied in disease treatment, diagnostic 
procedures, and biomedical research, offering new 
therapeutic possibilities for patients with complex 
conditions, including cancer, infectious diseases, 
cardiovascular disorders, and neurodegenerative 
illnesses (5). Structurally, antibodies are globular 
proteins, collectively termed immunoglobulins (Ig), 
and classified into five primary subtypes: IgA, IgD, IgE, 
IgG, and IgM (6). Among these, IgG stands out as the 
most widely utilized in clinical practice owing to its 
higher serum concentration, prolonged half-life, and 
potent effector functions (7). The IgG molecule adopts 
a characteristic Y-shaped configuration composed 
of two identical light chains and two identical heavy 
chains. Each chain consists of a variable domain and 
a constant domain, designated as variable light chain 
(VL), variable heavy chain (VH), constant light chain 
(CL), and constant heavy chain (CH), respectively. The 
variable regions, VL and VH, occupy the upper tips of 
the Y-shaped molecule, while the constant regions, 
CL and CH, are positioned beneath them. The CH 
region is further subdivided into CH1, CH2, and CH3 
domains. Two heavy chains are connected via disulfide 
bonds, with light chains paired alongside, forming a 
symmetrical arrangement (Figure 1). The antibody’s 
two upper arm-like structures, known as the antigen-
binding fragments (Fab), are responsible for antigen 
recognition, while the lower segment, comprising the 
CH2 and CH3 domains, is termed the crystallizable 
fragment (Fc). This Fc region mediates interactions 
with immune effector cells, including macrophages and 
neutrophils, as well as with the complement system (6, 
8).

I n  g e n e ra l ,  t h e  f u n c t i o n a l  m e c h a n i s m s  o f 
monoclonal antibodies (mAbs) are categorized into 

two primary types: direct and indirect actions. Direct 
mechanisms are predominantly mediated by the Fab 
domain and involve processes such as inducing cell 
apoptosis, promoting receptor-mediated endocytosis, 
modulating interactions between receptors and their 
respective ligands, and either activating or inhibiting 
receptor functions along with their associated 
downstream signaling pathways. Conversely, indirect 
mechanisms are facilitated by the Fc domain and 
include antibody-dependent cellular cytotoxicity 
(ADCC), antibody-dependent cellular phagocytosis 
(ADCP), and complement-dependent cytotoxicity 
(CDC) (9). Additionally, to address challenges such 
as poor bioavailability and heightened systemic 
toxicity associated with non-targeted drug molecules, 
therapeutic agents can be conjugated to mAbs to 
enable selective targeting. This strategy, known as 
antibody-drug conjugation (ADC), allows for the 
precise delivery of cytotoxic drugs to disease-specific 
targets, thereby enhancing treatment efficacy and 
minimizing off-target effects (10).

Development of bispecific antibodies (BsAbs)
As previously discussed, monoclonal antibodies 
(mAbs) have been widely recognized as important 
therapeutic agents for the treatment of various 
diseases. However, in certain cases, their clinical 
application and therapeutic effectiveness are limited 
due to the specificity of their single-target approach 
(11). In cancer immunotherapy, for instance, most 
mAbs exert their effects by either blocking the 
interaction between specific ligands and their 
corresponding receptors or by engaging accessory 
immune cells via their Fc domains. In this scenario, 

Figure 1. Structure of an IgG antibody



Chinese Journal of Applied Physiology  e20250019/2025 © 2025. The Author(s).

CD3-Bispecific Monoclonal Antibodies: A Novel Therapeutic Approach for Complex and 
Multifactorial Diseases

Singh et al.�

the adaptive immune system, particularly T cells, 
remains largely uninvolved in the antitumor response, 
thereby restricting the clinical efficacy of mAbs (6, 
12). Consequently, the cytotoxic effects on target cells 
predominantly rely on Fc domain-mediated indirect 
mechanisms such as antibody-dependent cellular 
cytotoxicity (ADCC), antibody-dependent cellular 
phagocytosis (ADCP), and complement-dependent 
cytotoxicity (CDC). Furthermore, T cell activity can be 
suppressed by immune checkpoints — for example, 
through the binding of programmed death-1 (PD-1) 
receptors on T cells to programmed death-ligand 1 
(PD-L1) on tumor cells  as well as through other tumor 
immune evasion mechanisms, including reduced 
expression of the molecular markers targeted by mAbs 
and increased expression of compensatory receptors 
or antigens on tumor cell surfaces. These adaptive 
resistance pathways contribute to immune evasion and 
drug resistance (10, 13-16). Ultimately, the restricted 
single-target nature of mAbs often accounts for their 
limited clinical efficacy in complex disease scenarios.

To address these limitations, bispecific monoclonal 
antibodies (BsAbs), which can simultaneously bind to 
two distinct antigens or epitopes, have been developed. 
Many BsAbs are designed to target cluster of 
differentiation (CD) antigens on T cells predominantly 
CD3 while concurrently binding to tumor-associated 
antigens (TAAs) on tumor cells. This dual targeting 
enables BsAbs to physically bridge T cells and tumor 
cells or redirect T cells to tumor sites, thereby 
activating and amplifying T cell-mediated cytotoxic 
responses against diseased cells and enhancing 
therapeutic outcomes (14). Additionally, BsAbs can 
help alleviate immunosuppressive mechanisms by 
redirecting effector cells toward target cells and, in 
some cases, by directly targeting immune checkpoints 
such as PD-1 and PD-L1 to overcome T cell inhibition. 
Moreover, BsAbs can concurrently block multiple 
receptors or neutralize different ligands, thereby 
inhibiting both primary disease-driving pathways 
and compensatory mechanisms (10). Owing to these 
advantages, BsAbs have rapidly advanced in recent 
years, showing considerable potential for increased 
therapeutic efficacy and specificity. Several BsAb-based 
therapeutics have already gained regulatory approval 
and are now available for clinical use (6).

Overview of Immune Cell Targets

The immune system consists of a complex network 
of specialized cells that collectively defend the body 
against invading pathogens and microorganisms. 

A m o n g  t h e s e ,  i m m u n e  c e l l s  s u c h  a s  T  c e l l s , 
macrophages, and natural killer (NK) cells play 
pivotal roles in both innate and adaptive immunity, 
making them key therapeutic targets in the ongoing 
development of bispecific monoclonal antibodies 
(BsAbs). By modulating the activity and functional 
responses of  these immune cel ls ,  s ignif icant 
advancements have been made in the treatment of 
complex diseases, including cancer, autoimmune 
disorders, and infectious diseases. Mechanistically, 
CD3 — a membrane protein complex found on the 
surface of T cells — is one of the most commonly 
targeted molecules for T cell activation in BsAb design. 
CD3 is composed of four distinct polypeptide chains: 
CD3γ, CD3δ, CD3ε, and CD3ζ, with CD3ε serving as the 
primary mediator of signal transduction (17, 18). Upon 
engagement of CD3ε and initiation of intracellular 
signaling cascades,  T cel ls  become activated, 
proliferating and releasing cytotoxic cytokines such as 
tumor necrosis factor-alpha (TNFα) and interferon-
gamma (IFNγ), which contribute to the induction of 
apoptosis in target cells. The first monoclonal antibody 
targeting CD3, muromonab-CD3 (commercially 
known as Orthoclone OKT3), was introduced for the 
prevention of organ transplant rejection by modulating 
T cell responses. However, its clinical use was later 
discontinued due to the occurrence of severe toxicities 
(14, 19, 20).

Beyond T cells, macrophages and NK cells, through 
their Fc gamma receptors (FcγRs) — also referred 
to as IgG receptors — are critical components of 
immune-mediated cytotoxicity and are additional 
targets in antibody-based therapies. FcγRs exist in 
several subtypes, including FcγRI, FcγRIIa, FcγRIIIa, 
and FcγRIIb. Based on their structural and functional 
characteristics, FcγRIIb is classified as an inhibitory 
receptor, while the remaining subtypes function as 
activating receptors, capable of engaging accessory 
immune cells and promoting the indirect cytotoxic 
mechanisms of mAbs (21). Moreover, the neonatal Fc 
receptor (FcRn) plays an essential role in maintaining 
mAb stability and longevity. Expressed on the surface 
of various cell types, particularly accessory immune 
cells, FcRn binds to the Fc region of antibodies 
following endocytosis, preventing their lysosomal 
degradation and facilitating their recycling back into 
circulation — thereby extending the half-life and 
therapeutic effects of these biologics (21, 22). 

Common Formats of Bispecific 
Antibodies (BsAbs)
IgG-like BsAbs
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Based on their structural characteristics, bispecific 
antibodies (BsAbs) can broadly be classified into two 
major categories: IgG-like BsAbs and non-IgG-like, or 
fragment-based, BsAbs (8, 23). IgG-like BsAbs resemble 
the conventional IgG antibody structure, containing 
both functional Fc and Fab regions, while fragment-
based BsAbs lack the Fc domain. Among the IgG-like 
formats, trifunctional bispecific antibodies (TriomAbs) 
are notable for possessing two distinct antigen-
binding arms alongside an Fc domain. This enables 
them to simultaneously engage with three different 
cell types (11). Specifically, the two Fab domains can 
bind both tumor cells and effector cells, while the Fc 
domain interacts with accessory immune cells such as 
macrophages and NK cells (Figure 2A). These immune 
cells, together with T cells, can exert antitumor activity 
by secreting cytotoxic cytokines like TNFα and IFNγ, 
or by inducing apoptosis through mechanisms such as 
antibody-dependent cellular phagocytosis (ADCP) and 
complement-dependent cytotoxicity (CDC) (11). A key 
example is catumaxomab, the first TriomAb approved 
for clinical use, which targets CD3 on T cells and 
epithelial cell adhesion molecule (EpCAM) on tumor 
cells. This dual-targeting mechanism bridges T cells 
and tumor cells, triggering cytotoxic responses while 
simultaneously recruiting accessory cells via its Fc 
region to enhance ADCC and ADCP.

Conjugation of Two mAbs
Apart from TriomAbs, BsAbs can also be generated 
through the chemical conjugation of two distinct, fully 
intact monoclonal antibodies, including those already 
approved for clinical use. In this format, known as 
IgG-IgG, the CH3 domains of two separate IgGs are 
chemically linked, preserving the original antibody 
structures while combining their specificities (10, 24). 
The typical production process involves introducing 
thiol groups into one mAb using Traut’s reagent and 
maleimide groups into the other with sulfosuccinimidyl 
4-(N-maleimidomethyl) cyclohexane-1-carboxylate 
(Sulfo-SMCC). These reactive groups subsequently 
undergo a thiol-maleimide coupling reaction to 
produce a chemically conjugated BsAb capable of 
targeting two distinct antigens (25-29). One such 
candidate, CD20Bi, was produced by conjugating 
Orthoclone OKT-3 (anti-CD3) with Rituxan (anti-CD20). 
Though it showed promise in early-phase trials, it did 
not progress beyond phase III.

Dual-Variable Domain Immunoglobulin (DVD-Ig)
Another IgG-like BsAb format is the dual-variable 
domain immunoglobulin (DVD-Ig), which incorporates 

two antigen-binding domains per Fab arm. Built upon 
an intact IgG backbone, this format links a single-
chain variable fragment (scFv) from a second mAb to 
the variable region of each heavy chain using a short 
peptide linker (30, 31). The resulting symmetrical 
BsAb structure possesses two antigen-binding sites 
per Fab arm, making it tetravalent and capable of 
binding up to four antigens simultaneously (Figure 
2C). This enhanced valency improves therapeutic 
potential. For example, researchers have engineered 
a DVD-Ig BsAb to target both epidermal growth factor 
receptor (EGFR) and vascular endothelial growth 
factor receptor 2 (VEGFR2), two proteins implicated in 
triple-negative breast cancer (TNBC). This BsAb was 
constructed by combining the intact IgG structure of 
cetuximab (anti-EGFR) with the scFv of ramucirumab 
(anti-VEGFR2) via a glycine linker, achieving superior 
antitumor activity compared to the individual mAbs 
(30).

“Knob-in-Hole” (KIH) Technology-Generated 
BsAbs
A significant challenge in producing asymmetrical 
BsAbs is the unwanted mispairing of heavy chains 
during assembly, which compromises product quality. 
To overcome this, “knob-in-hole” (KIH) technology 
was developed. This approach involves introducing a 
bulkier amino acid substitution into the CH3 domain 
of one heavy chain, creating a “knob,” and replacing 
a corresponding residue in the other chain with a 
smaller amino acid, forming a complementary “hole” 
(32). The amino acid substitution for the “knob” is 
T336Y, while Y407T creates the “hole” (33) (Figure 
2D). This ensures the correct pairing of heterodimeric 
heavy chains. An example of a KIH-structured BsAb 
is a molecule designed to treat TNBC by targeting 
EGFR and PD-L1. In this case, one antigen-binding 
arm comprises the VL and VH regions of cetuximab 
along with a standard constant region, while the other 
arm consists of the scFv of atezolizumab, forming an 
asymmetrical antibody configuration. The KIH format 
in the CH3 domain facilitates correct heavy chain 
assembly and BsAb functionality (34). Numerous 
additional IgG-like BsAb formats exist but are not 
described here in detail (Figure 2E) (10, 35).

Fragment-Based Bispecific Antibodies (BsAbs)
One important category of bispecific antibodies is 
the fragment-based BsAbs, which differ from IgG-
like BsAbs by lacking an Fc region. Among these, 
one of the most notable formats is the tandem 
single-chain variable fragment (tandem scFv). This 
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structure consists of two distinct single-chain variable 
fragments (scFvs), each derived from different 
monoclonal antibodies, connected in sequence to 
create a compact, bispecific molecule. Bispecific T 
cell engagers (BiTEs) represent a well-established 
application of this format, particularly in oncology, as 
they can simultaneously bind T cells and tumor cells, 
effectively redirecting immune responses toward 
malignancies (6). In these constructs, the scFvs retain 
their antigen specificity and are covalently linked by 
a non-immunogenic peptide chain featuring glycine-
serine motifs arranged as SGGGG repeats (6, 8). The 
fragment-based configuration avoids interactions 
between Fc domains and Fcγ receptors on accessory 
cells, significantly reducing the risk of immune-related 
adverse effects such as cytokine release syndrome 
(CRS), especially during T cell activation. Moreover, 
their smaller molecular size improves tumor tissue 
penetration and molecular flexibility. However, this 
advantage comes at the cost of a shorter systemic 
half-life, since the absence of an Fc region eliminates 
neonatal Fc receptor (FcRn)-mediated recycling, 
leading to faster clearance from circulation (22, 36). 
Noteworthy examples of clinically approved BiTEs 
include blinatumomab, which targets both T cells 

and malignant B cells (37), and tarlatamab, which 
engages T cells and tumor cells (38). Many other BiTE 
candidates are currently in various stages of clinical 
evaluation, further emphasizing the potential of this 
therapeutic strategy (39).

Beyond BiTEs, several alternative fragment-
based BsAb formats have been developed. Tandem 
antibodies (TandAbs) are another example, featuring 
tetravalent structures with two binding sites for each 
of two different antigens. Structurally, TandAbs are 
composed of two identical polypeptide chains that 
associate non-covalently, forming homodimers with 
increased molecular weight and extended circulation 
half-life relative to smaller formats like BiTEs (40). 
Another promising strategy involves fusing antigen-
binding fragments to albumin. In these designs, 
either two separate scFvs are individually linked to 
albumin, or a bispecific fragment containing two 
scFvs is attached to a single albumin molecule (10, 
41). Albumin acts as a natural plasma carrier with a 
biological half-life of approximately 19 days, thereby 
significantly prolonging the in vivo persistence of the 
BsAb molecule (41, 42). Additionally, other fragment-
based BsAb formats have been explored, though these 
variants fall outside the scope of the current discussion 

Figure 2. Examples of IgG-like BsAbs structures
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(10, 43).

Mechanisms of  Ac tion (MoA) of  Bispecif ic 
Antibodies (BsAbs)
The mechanisms by which bispecific antibodies exert 
their therapeutic effects can generally be categorized 
into three main strategies: modulation of disease-
associated signaling pathways, recruitment and 
activation of immune cells, and the targeted delivery 
of therapeutic payloads (Figure 4). In the first 
mechanism, BsAbs regulate signaling pathways that 
drive disease progression by interacting with key 
molecular targets. This can involve several approaches, 
such as simultaneously inhibiting two different 
receptors, neutralizing two ligands, activating multiple 
receptors, or combining receptor activation and 
inhibition within the same pathway. Other mechanisms 
include blocking ligand-receptor interactions, 
preventing receptor dimerization, or activating one 
receptor while inhibiting a second (Figure 4A) (15, 
43). The primary aim of this approach is to disrupt the 
transmission of pathological signals through pathways 
associated with tumor-associated antigens (TAAs) or 
immune checkpoints (8, 12). Notable examples include 
BsAbs designed to target both EGFR and VEGFR2, or 
EGFR and PD-L1, for the treatment of triple-negative 
breast cancer (TNBC). Importantly, in this strategy, 
BsAbs are not required to engage both targets 
simultaneously, and such antibodies are often referred 
to as combinatorial BsAbs in the literature, indicating 
their ability to bind independently to their respective 
targets (13-15).

Another major therapeutic mechanism involves 
the recruitment and activation of immune cells, 
particularly T cells, to enhance antitumor immunity. 
One l imitat ion of  conventional  monospeci f ic 
monoclonal antibodies is that T cells are often 
excluded from their mechanism of action and can even 
be suppressed through immune checkpoint pathways 
(16). BsAbs address this issue by acting as molecular 
bridges between immune effector cells and target cells, 
a strategy dependent on their ability to simultaneously 
bind both. These antibodies, referred to as obligate 
BsAbs, redirect immune cells, such as T cells, toward 
tumor cells, thereby promoting targeted immune 
responses (14, 16). In cancer therapy, BiTEs exemplify 
this approach. One of the BiTE’s antigen-binding 
domains engages a TAA on the tumor cell, while the 
other binds to CD3 on the T cell surface, triggering 
T cell activation, proliferation, and the release of 
cytotoxic cytokines, ultimately leading to tumor cell 
lysis (Figure 4B). Additionally, the presence of Fc 
domains in some BsAb formats has raised concerns 
regarding safety and unintended immune activation 
through Fcγ receptor interactions. To mitigate these 
risks, newer generations of CD3-bispecific antibodies 
are being engineered to minimize or eliminate Fc 
domain functionality, either by reducing Fc receptor 
affinity or completely omitting the Fc region, as seen in 
tandem scFv-based BiTEs (14).

A third mechanism involves the delivery of 
therapeutic payloads directly to disease sites. Beyond 
modulating signaling pathways and immune activity, 
BsAbs can serve as carriers for cytotoxic drugs, 

Figure 3. Examples of fragment-based BsAbs structures
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forming a class of therapeutics known as antibody-
drug conjugates (ADCs) (Figure 4C) (24, 44). This 
approach addresses the limitations of conventional 
chemotherapeutic agents, which often lack selectivity 
and carry a high risk of systemic toxicity. BsAbs in 
ADC formats can be conjugated to cytotoxic payloads 
either through direct incubation methods or using 
pretargeting strategies ,  where BsAbs are first 
administered to bind their target antigens, followed 
by the delivery of the payload at a later stage (44, 45). 
Given their longer circulation time compared to most 
small-molecule drugs, BsAbs can effectively localize 
the payload to specific disease sites, reducing off-target 
effects while enhancing therapeutic outcomes.

Examples of CD3-Bispecific Monoclonal 
Antibodies (mAbs)

Several CD3-bispecific monoclonal antibodies have 
been developed and evaluated for clinical use, with 
some already receiving regulatory approval. These 
antibodies primarily function by bridging T cells with 
tumor cells to stimulate targeted immune responses.

Previously Approved CD3-Bispecific 
Monoclonal Antibodies

One of the earliest approvals in this category was 
catumaxomab (marketed as Removab),  which 

received authorization from the European Medicines 
Agency (EMA) in 2009 for the treatment of malignant 
ascites. Catumaxomab belongs to the TriomAb class, 
possessing two antigen-binding sites and an Fc 
region. It can bind CD3 on T cells, EpCAM on tumor 
cells, and Fcγ receptors on accessory immune cells. 
This arrangement enables the redirection of immune 
cells towards tumor cells, promoting cytotoxic T cell 
activity, cytokine-mediated effects, phagocytosis, 
and antibody-dependent cellular cytotoxicity (ADCC) 
(12). Given the frequent overexpression of EpCAM in 
tumors, catumaxomab showed promising antitumor 
efficacy (46, 47). However, being a rat-mouse hybrid 
monoclonal antibody, it carried immunogenicity risks 
(8, 24, 48). Withdrawn in 2017, catumaxomab made 
a return to the market in 2025 under the trade name 
Korjuny, with new clinical investigations underway.

Another signif icant  agent is  bl inatumomab 
(Blincyto), which received accelerated approval from 
the U.S. Food and Drug Administration (FDA) in 2014 
for acute lymphoblastic leukemia (ALL), followed by 
full approval in 2017. Structurally a BiTE (bispecific 
T cell engager), blinatumomab consists of two single-
chain variable fragments (scFvs) connected by a 
glycine-serine linker, targeting CD3 on T cells and 
CD19 on malignant B cells (49, 50-52). This bispecific 
format bridges T cells with malignant cells, inducing T 
cell activation and subsequent tumor cell apoptosis. Its 
design excludes an Fc region, minimizing Fcγ receptor-
mediated adverse events such as cytokine release 

Figure 4. Schematic demonstration of the MoA of BsAbs
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syndrome (CRS) (22, 43). However, the absence of 
the Fc region shortens its half-life to approximately 2 
hours, necessitating continuous infusion for effective 
dosing — a factor contributing to its CRS risk (15, 53).

In recent years, several other CD3-bispecific 
antibodies have gained regulatory approvals , 
including teclistamab, mosunetuzumab, epcoritamab, 
glofitamab, talquetamab, elranatamab, tebentafusp, 
and tarlatamab. Most of these therapeutics have been 
approved for cancer and hematologic malignancies like 
ALL and large B cell lymphoma (54).

Investigational CD3-Bispecific Antibodies
Several investigational CD3-bispecific antibodies 
remain under clinical evaluation. Ertumaxomab, a 
murine TriomAb, targets CD3 and HER2, facilitating 
the recruitment of both T cells and accessory 
immune cells against HER2-positive tumors. Early-
phase trials demonstrated anticancer activity and 
associated adverse effects, including immunogenicity 
and inflammatory reactions (55-58). However, the 
sponsor halted development before phase II initiation 
(56). Similarly, FBTA05 (Bi20) targets CD3 and CD20, 
intended for conditions like non-Hodgkin lymphoma 
(NHL) and chronic lymphocytic leukemia (CLL). 
Despite demonstrating potent antitumor activity in 
preclinical models (58, 59), clinical development was 
discontinued due to logistical limitations, including 
delayed patient recruitment.

CD20Bi and EGFRBi are chemically conjugated 
bispecific constructs produced via thiol-maleimide 
coupling. CD20Bi combines Orthoclone OKT-3 and 
Rituxan, while EGFRBi fuses OKT-3 with Erbitux. 
Both have shown potential in early-phase trials, 
notably through the generation of BsAb-armed T cells 
(BATs) for treating lymphomas, multiple myeloma, 
and glioblastoma (27, 29, 60-63). Yet, due to funding 
challenges and operational hurdles, later-stage trials 

were suspended.
Another notable BiTE is solitomab (MT110), which 

targets CD3 and EpCAM. Despite promising preclinical 
activity, its phase I trial encountered dose-limiting 
toxicities, likely due to EpCAM expression on healthy 
tissues, halting further clinical development (64, 65).

Conclusions

Monoclonal antibodies (mAbs) have established 
themselves as indispensable therapeutic agents in 
modern disease management. However, limitations 
associated with their singular antigen specificity and 
insufficient engagement of T cell-mediated cytotoxicity 
have restricted their therapeutic efficacy. To address 
these challenges, bispecific monoclonal antibodies 
(BsAbs) have been developed, designed with one 
antigen-binding domain targeting CD3 on T cells and 
the other recognizing tumor-associated antigens 
(TAAs). This dual-targeting capability allows BsAbs 
to redirect T cells toward diseased cells, enhancing 
targeted cytotoxicity. BsAbs have demonstrated 
considerable therapeutic potential, particularly 
in antitumor applications. Structurally, BsAbs are 
typically categorized into IgG-like and fragment-
based formats. In the context of design strategies, it 
has been observed that interactions between the Fc 
domain of mAbs and FcγRs on accessory immune 
cells, especially during T cell activation, can trigger 
severe adverse drug reactions (ADRs) such as cytokine 
release syndrome (CRS). Consequently, approaches 
including Fc domain engineering, silencing, or deletion 
have been explored to mitigate these risks, giving rise 
to Fc-free BsAbs such as BiTEs. Although BiTEs offer 
enhanced tumor penetration due to their smaller 
molecular size, their lack of FcRn-mediated recycling 
leads to rapid systemic clearance and shorter half-life. 
To overcome this limitation, half-life extended BiTEs 

Table 1. CD3-Bispecific mAbs Approved by FDA and EMA (as of April 2025)
Generic Name Trade Name Targets Approval Year(s) Agency
Catumaxomab Removab/Korjuny CD3 and EpCAM 2009 (withdrawn 2017), 2025 EMA
Blinatumomab Blincyto CD3 and CD19 2014 FDA, EMA
Teclistamab Tecvayli CD3 and BCMA 2022 FDA, EMA
Mosunetuzumab Lunsumio CD3 and CD20 2022 FDA, EMA
Tebentafusp Kimmtrak CD3 and GP100 2022 FDA, EMA
Epcoritamab Epkinly CD3 and CD20 2023 FDA, EMA
Glofitamab Columvi CD3 and CD20 2023 FDA, EMA
Talquetamab Talvey CD3 and GPRC5D 2023 FDA, EMA
Elranatamab Elrexfio CD3 and BCMA 2023 FDA, EMA
Tarlatamab Imdelltra CD3 and DLL3 2024 FDA
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(HLE-BiTEs) have been developed by fusing BiTE 
fragments with engineered Fc domains or albumin, 
thereby prolonging their circulation time and reducing 
dosing frequency. Additionally, the binding affinity of 
the Fab regions significantly influences the safety and 
efficacy of BsAbs. Studies have shown that excessively 
high affinity to CD3 may result in rapid cytokine 
release and severe immune-related adverse events, 
while high affinity for tumor antigens risks off-target 
toxicity due to shared antigen expression on healthy 
tissues. Moderating these affinities has been found 
to improve safety without compromising therapeutic 
efficacy. In conclusion, the effective design of CD3-
bispecific mAbs hinges on the careful selection of 
targeting sites and antibody formats, optimization of 
Fc domain properties, regulation of antigen-binding 
affinity, and enhancement of BiTE half-life collectively 
ensuring improved therapeutic performance and 
patient safety.
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