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One of the most promising approaches to depletion-restitution therapy is the development and use of drugs based on bispecific monoclonal antibodies 
(bsAbs). Therapeutic bsAbs are genetically engineered biological products (biologics) based on immunoglobulin molecules capable of simultane-
ously binding multiple antigens, making them a promising platform for novel drugs. A specific type of such agent, which incorporates at least two 
antigen-binding (Fab) fragments within a single immunoglobulin molecule – one targeting a specific cell-surface receptor and the other binding 
and activating to the CD3ε domain of CD3 molecule of the T-cell receptor complex – has been termed a bispecific T-cell engager (BiTE). 
Currently, BiTE molecules that engage effector cells of the humoral immune system are the most clinically advanced subclass of bsAbs. Their 
ability to deplete target cells in peripheral blood and tissues has been clearly demonstrated in the treatment of resistant hematological malignancies 
such as B-cell precursor acute lymphoblastic leukemia, various lymphoproliferative disorders, and plasma cell dyscrasias. Recent years have 
seen attempts to repurpose bsAbs for the treatment of refractory, prognostically unfavorable forms of systemic autoimmune rheumatic diseases 
(SARDs), supported by theoretical rationale, experimental evidence, and parallels with successful CAR-T cell therapy. 
Beyond BiTEs, the bsAb platform also enables development of biologics with extended pharmacokinetics, multi-cytokine targeting potential for 
synergistic suppression of inflammation, and checkpoint-directed modulation of targeted cell functional activity. 
Advantages such as standardized manufacturing, off-the-shelf availability, predictable pharmacokinetics (with a known and limited half-life), 
flexible dosing regimens enabling slow escalation of the dose, the possibility of individualizing treatment duration and dosing frequency, the fea-
sibility of repeated treatment cycles, the option to discontinue therapy in case of adverse events, and the significantly lower cost of short low-dose 
treatment cycles compared to CAR-T cell therapy –  all these make bsAb-based strategies a highly attractive priority for next-generation deple-
tion-restitution therapies for SARDs. 
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This article continues a series of publications exploring the 
potential for achieving remission in autoimmune diseases through 
profound depletion of autoreactive cells. It is worth recalling that 
depletion-restitution therapy refers to strategies based on short-
term, intensive cytotoxic interventions leading to deep reduction 
of pathogenic autoreactive cellular clones, followed by repopulation 
predominantly from “naive” cell populations. This process promotes 
the restoration of immune tolerance mechanisms and the induction 
of drug-free remission [1]. One of the most promising approaches 
within the framework of depletion-restitution therapy is the de-
velopment and use of therapeutic agents based on bispecific mon-
oclonal antibodies (BsAbs). 

Characteristics of Bispecific Antibodies.  
Bispecific T-Cell Engagers (BiTE) 

Therapeutic bispecific antibodies (BsAbs) are genetically en-
gineered biological agents (biologics) based on immunoglobulin 
molecules that are capable of selectively binding to two distinct 
antigens simultaneously. This property makes BsAbs a promising 
platform for the development of novel therapeutic agents [2]. It is 
hypothesized that bispecific antibodies represent a natural component 
of the humoral immune response. Due to the ability of IgG4 
subclass immunoglobulins to undergo Fab-arm exchange, naturally 
occurring antibodies capable of binding two different antigens are 
present under physiological conditions in the human body [3, 4]. 
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Although their precise biological role and regulatory mechanisms 
remain incompletely understood, it is believed that natural bispecific 
antibodies exert anti-inflammatory effects. 

The first biologic based on a bispecific antibody molecule 
was catumaxomab, which was approved for clinical use by the 
U.S. Food and Drug Administration (FDA) in 2009. This agent 
incorporated two distinct Fab fragments: one specific for the CD3 
component of the T-cell receptor, and the other targeting the ep-
ithelial cell adhesion molecule EpCAM a tumor-associated antigen 
that is overexpressed in several epithelial malignancies [5]. Catu-
maxomab was intended for the treatment of refractory malignant 
ascites in cancer patients. However, due to the structural charac-
teristics of its Fc fragment, intravenous administration of catu-
maxomab led to intense off-target activation of Kupffer cells, 
resulting in hepatotoxic reactions that could be life-threatening 
[6, 7]. Consequently, the drug could only be administered in-
traperitoneally, and its production was discontinued in 2017 for 
economic reasons. Nevertheless, this development provided a 
proof-of-concept for the therapeutic applicability of BsAb-based 
agents, a concept that has since been successfully implemented in 
clinical practice. 

Therapeutic agents based on a similar principle incorporating 
multiple (at least two) antigen-binding (Fab) fragments within a 
single immunoglobulin molecule have been termed bispecific  
T-cell engagers (BiTEs). In these constructs, one Fab domain is 
specific for a target antigen expressed on the surface of target cells 
(which may include B-cell or plasma cell antigens), while the 
other Fab binds and activates the CD3ε domain of the CD3 
complex, a key component of the T-cell receptor. 

The mechanism of action of BiTE molecules involves the 
physical crosslinking of a target cell expressing the relevant antigen 
with a T lymphocyte, mediated by the binding of CD3 on the  
T-cell surface. Importantly, this T-cell activation occurs inde-
pendently of major histocompatibility complex (MHC) restriction 
and does not require native T-cell receptor (TCR) specificity ef-
fectively enabling in vivo T-cell redirection [8]. The close proximity 
enforced by the BiTE molecule facilitates the formation of an im-
mune synapse between the T lymphocyte and the target cell, 
resulting in selective cytolysis of the latter via T cell-mediated cy-
totoxic mechanisms [9]. This process is characterized by exceptionally 
high efficiency (cytotoxic signal amplification), which can be 
achieved even at very low concentrations of the BiTE molecule 
due to its mechanism of action. 

A classical representative of this new generation of BiTEs 
and the first to enter broad clinical use—is blinatumomab, approved 
for clinical application in 2014 for the treatment of precursor B-
cell acute lymphoblastic leukemia. Blinatumomab is a molecule 
composed of small antibody fragments with a molecular weight of 
approximately 55 kDa, capable of simultaneously binding CD3ε 
and CD19 [10]. Notably, this molecule lacks an Fc fragment, 
which prevents unwanted macrophage activation and complement 
system engagement. However, the absence of an Fc region also 
means that blinatumomab is not protected from catabolism by the 
neonatal Fc receptor (FcRn), resulting in a short plasma half-life 
(1.25 ± 0.63 hours in vivo), and necessitating continuous intravenous 
infusion for therapeutic administration [10, 11]. Blinatumomab 
has demonstrated high efficacy in patients with relapsed or 
refractory hematologic malignancies, particularly in those who 
have not responded to prior anti–B-cell therapies [12–14]. 

The mechanisms of action of BiTEs and CAR-T cell therapy 
are fundamentally similar, which accounts for both their comparable 

efficacy and their overlapping spectrum of adverse events (AEs). 
The principal toxicities associated with bispecific T-cell engagers 
include cytokine release syndrome (CRS) and immune effector 
cell-associated neurotoxicity syndrome (ICANS). In the longer 
term, patients may also experience cytopenic syndromes, hy-
pogammaglobulinemia or agammaglobulinemia, and infections. 
As standardized pharmaceutical agents, BiTEs offer several phar-
macological advantages: predictable pharmacokinetics, enhanced 
therapeutic controllability, gradual dose titration, and the ability 
to interrupt treatment if necessary. These features stand in contrast 
to CAR-T cells, which represent a "living drug" with fixed kinetics 
and irreversible in vivo activity once infused. As a result, T-cell 
engagers based on BsAbs are associated with a more favorable 
safety profile. It is also important to emphasize that, unlike  
CAR-T cell therapy, BiTE administration does not require prior 
lymphodepleting chemotherapy and is not associated with the 
risk of malignant transformation of the transduced clone. Moreover, 
similar to CAR-T cells but in contrast to therapies based on 
monovalent monoclonal antibodies BiTEs are capable of mediating 
effective depletion of target cells not only in the circulatory 
system, but also in tissue compartments, which is particularly 
critical for the treatment of diseases with tissue-resident immune 
pathology [15]. 

According to registration clinical trials conducted in patients 
with precursor B-cell acute lymphoblastic leukemia, CRS occurred 
in up to 16% of those treated with blinatumomab, with grade 3–4 
CRS observed in only 2–6% of cases. ICANS was reported in 
61% of patients, though most cases were mild in severity. Severe 
AEs were considerably less frequent (reported in 7–17% of cases), 
while infections occurred in approximately 25% of patients at 
various stages of therapy [14]. It must be emphasized that these 
data reflect treatment outcomes in a highly challenging population 
patients with refractory acute leukemia who had already undergone 
multiple cycles of intensive polychemotherapy. Therefore, these 
results should not be directly extrapolated to patients with SARDs, 
who typically exhibit better hematopoietic reserve and, importantly, 
a smaller B-cell burden requiring depletion. Experience with 
CAR-T cell therapy in autoimmune diseases has shown that under 
these conditions, both the risk and severity of CRS and ICANS 
are significantly reduced. 

The high efficacy of blinatumomab, as demonstrated in ran-
domized controlled trials and subsequently confirmed in real-
world clinical practice, particularly in a severely ill cohort of 
patients with precursor B-cell acute lymphoblastic leukemia re-
fractory to prior therapies, has been shown to be comparable to 
that of CAR-T cell therapy. This success has sparked significant 
interest in the development of novel BsAb constructs. Since 2020, 
there has been an explosive increase in the number of BsAb-based 
agents, resulting in the development of more than ten new 
therapeutic products intended for use in oncology, rheumatology, 
and ophthalmology (Figure 1). Currently, over 100 BsAb molecules 
with similar structural frameworks are in various stages of clinical 
development, highlighting the promising potential of this therapeutic 
strategy [16]. 

The structural versatility of BsAbs makes them a unique tool 
for addressing a wide range of clinical challenges and provides a 
foundation for the development of therapeutic agents with diverse 
mechanisms of action. For instance, it is feasible to engineer 
BiTE molecules whose Fab fragments are directed against alternative 
B-cell antigens such as BAFF-R (B-cell activating factor receptor), 
CD20, BCMA (B-cell maturation antigen), or GPRC5D. These 
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constructs can efficiently redirect T-cell 
cytotoxicity toward specific subpopulations 
within the humoral immune system, in-
cluding B cells, plasmablasts, and plasma 
cells. Retention of the Fc fragment within 
the structure of such molecules can po-
tentially result in agents with improved 
pharmacokinetic properties compared to 
blinatumomab, which lacks this domain. 
These approaches have already been suc-
cessfully implemented in the development 
of several therapeutic agents, including 
glofitamab and epcoritamab (anti-
CD3/CD20), which have been approved 
for the treatment of lymphoproliferative 
disorders, as well as teclistamab and el-
ranatamab (anti-CD3/BCMA), and tal-
quetamab (anti-CD3/GPRC5D), all of 
which have demonstrated high efficacy in 
patients with multiple myeloma refractory 
to standard therapies [17] (Figure 2). Given 
their mechanisms of action, these and sim-
ilar agents appear to have strong potential 
for integration into rheumatologic practice, 
offering a novel therapeutic option for con-
ditions involving pathogenic B cells or 
plasma cells. 

The strategic selection of target antigens 
enables the design of T-cell engagers that 
can selectively and effectively eliminate 
various immune cell populations, including 
activated clones of immunocompetent cells 
when activation markers are used as target 
antigens as well as T cells themselves [18].  
One of the most compelling and currently 
experimental approaches involves the de-
velopment of BiTEs that specifically rec-
ognize autoreactive lymphoid cells via their 
antigen receptor structures that detect epi-
topes of autoantigens. These molecules, 
termed bispecific autoantigen T-cell engagers (BiTEs), represent 
a conceptual advance in immunotherapy [19]. Implementation of 
this approach could potentially enable the development of deple-
tion-based therapies capable of curing autoimmune diseases 
without inducing immunodeficiency. 

In addition to BiTEs, BsAb technology also allows for the 
creation of other biologics with unique properties, such as optimized 
(extended) pharmacokinetics, the ability to simultaneously neutralize 
multiple cytokines to achieve synergistic effects, or the capacity 
to modulate the functional activity of specific immune cell popu-
lations by selectively interacting with checkpoint receptors that 
regulate cellular activation. The following sections present examples 
of successful implementation of these concepts. 

The first genetically biologic based on BsAb technology to 
be approved for use in rheumatologic patients is ozoralizumab, 
which received official registration in Japan in 2022 and was au-
thorized for the treatment of rheumatoid arthritis (RA) in that 
country. The ozoralizumab molecule is composed of three small 
fragments with a total molecular weight of approximately 38 
kDa: two variable domains of heavy chains targeting tumor 
necrosis factor alpha (TNF-α), and one domain that binds to al-

bumin [20]. This structural configuration characterized by low 
molecular weight and the absence of an Fc fragment confers 
several advantages over conventional TNF-α inhibitors, including 
improved tissue penetration and potentially reduced immunogenicity 
[21]. Binding to albumin ensures prolonged circulation of the 
drug in the bloodstream and facilitates its rapid distribution into 
inflamed tissues, particularly joints. The compact molecular 
structure and the absence of an Fc fragment significantly reduce 
the immunogenicity of ozoralizumab and minimize the risk of 
off-target activation of neutrophils and macrophages [22, 23].  
A series of studies by Japanese researchers have demonstrated the 
high efficacy of ozoralizumab, both in combination with methotrex-
ate and as monotherapy, as well as the flexibility in dosing 
regimens [24, 25]. 

Another genetically engineered biologic based on BsAb tech-
nology is rozibafusp alfa a bispecific molecule capable of simulta-
neously inhibiting ICOSL (Inducible Costimulator Ligand) and 
BAFF (B Cell Activating Factor) [26]. The therapeutic properties 
of this hybrid molecule are defined by its structural components: 
ICOSL plays a critical role in B–T cell interaction, mediating 
costimulation, germinal center formation, and the development 

Fig. 1. Chronological pipeline of bsAbs. TNFα – tumor necrosis factor alpha; VEGF –  
vascular endothelial growth factor
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of ectopic lymphoid tissue [27]; BAFF, in turn, is essential for the 
survival of activated B cells [28]. Dual inhibition of ICOSL and 
BAFF by rozibafusp alfa demonstrated greater efficacy in experi-
mental models of SARD) compared to the use of monospecific 
antibodies targeting either ICOSL or BAFF alone [26]. Results 
from a Phase I trial in rheumatoid arthritis, which enrolled 26 pa-
tients, showed satisfactory tolerability and preliminary efficacy of 
the drug compared to placebo [29]. Ongoing clinical trials are 
currently evaluating the efficacy and safety of rozibafusp alfa in 
the treatment of rheumatoid arthritis (NCT03156023) and systemic 
lupus erythematosus (NCT04058028). 

Obexelimab is a monoclonal antibody that binds with high 
affinity to CD19 and features a modified Fc component, which 
significantly enhances its interaction with FcγRIIb by approximately 
225-fold compared to IgG1 thereby enabling receptor modulation 
[30]. Due to this structure, obexelimab mimics antigen–antibody 
complexes, selectively targets B lymphocytes, and reduces their 
activity without inducing cytolytic effects [30]. Experimental 
studies in vitro and in vivo have confirmed the ability of obexelimab 
to suppress B-cell activity in healthy volunteers as well as in 
patients with systemic lupus erythematosus (SLE) [31]. A clinical 
trial evaluating obexelimab in SLE patients demonstrated good 
tolerability and safety [30]. 

A particularly promising application of obexelimab has been 
identified in the treatment of IgG4-related disease. In a pilot 
study, a clinical response was observed in 93% of patients, with 
80% achieving the primary endpoint [32]. Ongoing research is 
currently evaluating the efficacy and safety of obexelimab in the 
treatment of IgG4-related disease (NCT05662241). 

The combination of multiple Fab fragments targeting different 
antigens within a BsAb molecule may enhance therapeutic efficacy. 
For example, faricimab, used in ophthalmology, concurrently 
inhibits VEGF-A and angiopoietin-2, thereby more effectively 
suppressing neovascularization and inflammatory processes. Efforts 
are also underway to develop next-generation anti-cytokine agents 
based on BsAb platforms that can simultaneously block the phys-
iological effects of two or more cytokines to achieve synergistic 
therapeutic outcomes. However, these approaches have generally 
yielded limited success to date. 

Romilkimab is a bispecific IgG4 antibody whose Fab fragments 
neutralize interleukin (IL)-4 and IL-13, cytokines with profibrotic 
activity mediated through the recruitment, activation, and prolif-
eration of fibroblasts, macrophages, and myofibroblasts [33, 34], 
as well as through upregulation of periostin expression [35]. 
However, initial hopes for the use of this agent in the treatment of 
idiopathic pulmonary fibrosis and systemic sclerosis (SSc) were 
not fulfilled [36, 37]. 

Repeated attempts to develop bispecific monoclonal antibodies 
capable of simultaneously inhibiting TNF-α and IL-17 have 
likewise been unsuccessful to date. Molecules such as COVA322, 
ABT-122, and JNJ61178104 were designed for this purpose. While 
data on the pharmacokinetics and immunogenicity of COVA322 
have been published, no results regarding its safety or efficacy 
have been reported, and its development was eventually discontinued 
[38]. Although both ABT-122 and JNJ61178104 demonstrated 
acceptable safety profiles [39], ABT-122 failed to demonstrate 
superiority over monospecific TNF-α inhibitors in terms of efficacy 
[40], and no published results on JNJ61178104 are currently 
available. M.A. Kroenke et al. [41] proposed that the size and 
epitope binding sites of such bioconstructs may critically influence 
immunogenicity and pharmacokinetics, potentially promoting 

the formation of anti-drug antibodies and immune complexes, 
thereby reducing therapeutic efficacy.  

 
Experience and examples for clinical use of BiTEs in SARDs 

At present, the most promising and rapidly expanding class 
of BsAbs remains BiTEs targeting effector cells of the humoral 
immune response. Their capacity to achieve effective depletion of 
target cells in both peripheral blood and tissue compartments has 
been convincingly demonstrated in the treatment of therapy-
resistant subtypes of various hematologic malignancies. In recent 
years, due to the urgent need for novel therapeutic strategies for 
prognostically unfavorable forms of SARDs, along with a well-es-
tablished theoretical and experimental foundation, and encouraging 
results from the use of a mechanistically similar approach CAR-T 
cell therapy several attempts have been made to repurpose existing 
BiTE agents for the treatment of rheumatic diseases. 

Notably, in 2024, a European research group published the 
first case series describing the successful use of blinatumomab in 
six patients with difficult-to-treat rheumatoid arthritis (D2T RA) 
[42]. In all cases, the rationale for initiating blinatumomab therapy 
was persistent, unacceptably high disease activity despite exhaustion 
of all available therapeutic options. All six patients had previously 
failed to respond to methotrexate, leflunomide, TNF-α inhibitors, 
and multiple Janus kinase (JAK) inhibitors. Additionally, five of 
the six patients had received IL-6 inhibitors, and three had 
undergone treatment with both abatacept and rituximab. 

A distinctive feature of these clinical observations was the use 
of blinatumomab in single doses significantly lower than those 
employed in routine hematologic practice (9 vs. 28 μg/m2/day), 
as well as the administration of shorter treatment cycles (5 vs.  
28 days). Specifically, the patients received only two 5-day infusion 
cycles of blinatumomab spaced one week apart, compared to the 
minimum of five 28-day cycles commonly used in oncohematology. 
As a result of this treatment regimen, all patients experienced a 
rapid reduction in RA activity, achieving clinical remission by 
week 12 (with the DAS28-CRP score [Disease Activity Score  
28 based on C-reactive protein] decreasing from an average of 
4.72 to 2.28 points). In three patients, synovial biopsies were per-
formed before and after therapy, demonstrating B-cell depletion 
in the synovial tissue. According to flow cytometry data, all 
patients achieved complete depletion of peripheral blood B lym-
phocytes, including activated memory B-cell subsets, followed by 
repopulation predominantly by naive B cells.  

Over a 24-week follow-up period, a sustained decline was ob-
served in the levels of rheumatoid factor, anti-cyclic citrullinated 
peptide (anti-CCP) antibodies, anti-modified citrullinated vimentin 
(anti-MCV), and anti-carbamylated peptide antibodies. However, 
complete normalization of autoantibody levels was not achieved. 
The lack of seroconversion is likely attributable to the fact that the 
drug does not target long-lived plasma cells, which do not express 
the CD19 antigen. Blinatumomab therapy was well tolerated, 
with no serious adverse events necessitating treatment discontin-
uation. Three months after the final blinatumomab infusion, all 
patients resumed standard therapy. 

German authors reported the successful use of blinatumomab 
in a 35-year-old female patient with diffuse systemic sclerosis 
(SSc) positive for anti-Scl70 antibodies [43]. The main indications 
for initiating this therapy were the rapidly progressive disease 
course, increasing severity of cutaneous induration, progression 
of Raynaud’s phenomenon, and cardiac involvement (manifested 
by arrhythmias and increasing myocardial fibrosis as assessed by 
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cardiac magnetic resonance imaging), which were not adequately 
controlled with standard therapy. The latter included moderate 
doses of glucocorticoids (GCs) in combination with azathioprine, 
followed by a switch to mycophenolate mofetil. An important 
factor influencing the choice of treatment was the patient’s 
intention to become pregnant. In this context, the short half-life 
of blinatumomab (hours) represented a clear advantage. The 
patient received two 5-day infusion cycles of blinatumomab at a 
dose of 9 μg/m2/day, followed by one 5-day cycle and one 10-day 
cycle at 28 μg/m2/day. Peripheral B-cell depletion was confirmed 
by flow cytometry. As a result of treatment, the patient demonstrated 
a rapid, significant, and sustained clinical improvement over a  
4-month period, including resolution of skin induration, increased 
joint mobility, a decrease in the modified Rodnan skin score from 
21 to 12, reduced frequency and severity of Raynaud’s attacks, 
and stabilization of cardiac involvement, all while allowing for 
rapid de-escalation of concomitant therapy. The treatment was 
well tolerated, and as in previous reports no significant signs of 
CRS or ICANS were observed. 

Alongside the use of T-cell–engaging BsAbs targeting CD19, 
the first clinical data on anti-BCMA therapy in patients with 
rheumatic diseases were published in 2024. Specifically, these 
reports involved teclistamab, an anti-CD3/BCMA bispecific  
T-cell engager, which had first been approved in 2022 for the 
treatment of patients with relapsed and refractory multiple myeloma 
[44]. By targeting BCMA (B-cell maturation antigen), a marker 
expressed on plasma cells, teclistamab demonstrated unprecedented 
therapeutic efficacy in multiple myeloma, achieving durable treat-
ment responses in 63% of cases. Furthermore, minimal residual 
disease negativity indicative of profound tumor cell depletion was 
achieved in 27.6% of patients following teclistamab therapy. The 
pharmacokinetic properties of teclistamab supported subcutaneous 
administration, and to minimize the incidence and severity of 
adverse events, a step-up dosing regimen was employed. 

As with blinatumomab, the most common AEs associated 
with teclistamab included CRS (reported in 61–72% of patients 
overall, with grade 3 severity in 0.6%), ICANS (in 3% of patients, 
all cases of mild to moderate severity), cytopenias, and infections 
(occurring in 76.4% of patients, with serious infections in 44.8%) 
[44]. Of particular interest, given the drug’s mechanism of action, 
is the development of hypogammaglobulinemia, reported in 74.5% 
of cases. Consequently, approximately half of the patients required 
intravenous immunoglobulin (IVIG) replacement therapy. 

The first clinical case of teclistamab use in rheumatology was 
described in a 23-year-old female patient with refractory SLE 
complicated by life-threatening multi-organ involvement [45]. 
The disease activity remained uncontrolled despite intensive com-
bination therapy, including moderate to high doses of GCs, anti-
malarial agents, and sequential administration of immunosup-
pressants (azathioprine, methotrexate, mycophenolate mofetil, 
and voclosporin). Attempts to use biologic agents with various 
mechanisms of action (belimumab, anifrolumab) and intravenous 
immunoglobulin were also unsuccessful. Disease progression, par-
ticularly worsening lupus nephritis and severe anemia due to un-
controlled autoimmune hemolysis, necessitated salvage therapy. 
A five-week course of teclistamab was administered following a 
step-up dosing protocol. Mycophenolate mofetil was discontinued 
prior to initiating teclistamab. A rapid and marked clinical im-
provement was observed early in the course of anti-BCMA therapy. 
By week 2, arthritis regressed; by week 4, autoimmune hemolysis 
had completely resolved, along with resolution of cutaneous rash 

and oral ulcers. By week 5, anti-dsDNA antibody levels and com-
plement activity normalized, and by week 6, proteinuria resolved. 
The SLEDAI-2K (Systemic Lupus Erythematosus Disease Activity 
Index – 2K) decreased from 20 to 0 and remained at that level  
for the duration of follow-up. The induction of remission allowed 
for rapid tapering of GCs, which were completely discontinued 
by week 6 of therapy. Teclistamab administration was associated 
with several adverse events, including grade 2 CRS, which was ef-
fectively managed with tocilizumab (administered in week 2), and 
hypogammaglobulinemia leading to pneumonia and sinusitis, for 
which IVIG replacement therapy was initiated.  

A group of German researchers [46] reported a series of 
clinical cases involving the use of teclistamab in four patients 
with RA, SSc, dermatomyositis, and Sjцgren’s disease (SjD).  
A common feature among these patients was a high degree of re-
sistance to more than five immunosuppressive agents, including 
rituximab, persistently high disease activity, and internal organ 
involvement. Teclistamab administration in all cases led to a 
rapid and complete reduction in disease activity, as well as stabi-
lization or regression of organ involvement. In all patients, B-cell 
and plasmablast depletion in peripheral blood was confirmed 
and was accompanied by reductions in free light chain concen-
trations and in serum immunoglobulin levels across major classes. 
By week 12 of follow-up, signs of B-cell lineage repopulation 
were observed, characterized by an increase in naive, IgD-positive 
(non–class-switched) B lymphocytes, while memory B-cell de-
pletion persisted. The sustained decrease in immunoinflammatory 
activity during the post-depletion period allowed for a reduction 
in pharmacotherapy, and all patients were able to discontinue 
immunosuppressive medications. 

Thus, the results of clinical observations confirm the feasibility 
of implementing effective depletion–restitution therapy for SARDs 
using therapeutic BiTE antibodies targeting CD19 and BCMA 
antigens expressed on B lymphocytes and plasma cells. A distinctive 
feature of this therapeutic approach in patients with rheumatic 
diseases was the use of short treatment cycles, which enabled 
rapid reconstitution of the effector arm of humoral immunity. 
Additionally, the administration of lower single and cumulative 
doses contributed to better tolerability and reduced treatment 
costs. Preliminary evidence also supported the effective depletion 
of target cell populations not only in peripheral blood but also in 
affected tissues, a factor of critical importance for the induction 
of sustained drug-free remission.  

At present, pharmaceutical companies have initiated the de-
velopment of a new line of bispecific T-cell engager monoclonal 
antibodies intended for the treatment of autoimmune rheumatic 
diseases. Early-phase clinical trials have already been launched to 
evaluate the efficacy and safety of the bispecific antibody RO7507062 
(anti-CD3/CD19), developed for the treatment of systemic lupus 
erythematosus (SLE) [47]. Studies have also begun on the novel 
anti-CD3/CD20 BiTE, imvotamab, in patients with rheumatoid 
arthritis (RA) (NCT06087406) and SLE (NCT06041568). Another 
possible scenario is the repurposing of some bispecific T-cell 
engagers already approved for use in oncohematological conditions 
for instance, a study of the CD3/CD20 BiTE mosunetuzumab in 
patients with SLE has been launched (NCT05155345). 

Given the wide range of agents within this class both those 
recently approved for clinical use and those currently in late-
stage clinical development the prospects for rapidly developing 
therapies based on these agents to implement depletion–restitution 
strategies for severe forms of rheumatic diseases appear both 
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realistic and promising. Among the most prospective candidates 
are molecules targeting B-cell markers (such as epcoritamab, 
glofitamab, and odronextamab) as well as those directed against 
plasma cell markers, including anti-BCMA (elranatamab), anti-
GPRC5D (talquetamab and forimtamig), and anti-FcRH5 
(cevostamab) [48].  

A critical consideration in selecting targeted biologic therapies 
for SARDs is the variability of therapeutic target expression at dif-
ferent stages of B-cell maturation. These data are summarized in 
Figure 3. 

 
Comparative characteristics of CAR-T  

cell therapy and BiTEs 
Proven manufacturing technologies, the potential to design 

agents targeting an almost unlimited range of antigens, successful 
experience in hematological practice, as well as the promising 
results demonstrated in pilot studies for the treatment of SARDs, 
position T-cell engagers and CAR-T therapies targeting effectors 
of the humoral immune response as the most promising candidates 
for the development of novel depletion-restitution therapeutic 
strategies in SARDs. However, the question of comparative advantages 
and limitations of both technologies remains open. This is primarily 
due to the relatively recent integration of these approaches into 

clinical practice and their initial use in the 
most severe, often treatment-refractory pa-
tient populations as "rescue therapy." These 
factors, together with the technical com-
plexity of manufacturing CAR-T cell prod-
ucts, have complicated the design and exe-
cution of direct comparative studies. As a 
result, current comparisons of efficacy and 
safety between these approaches rely mainly 
on indirect data. Protocols evaluating anti-
CD19 CAR-T cell therapies and anti-CD19 
bispecific T-cell engagers in patients with 
B-cell lymphomas have been presented in 
several studies published in recent years 
(Figure 4). 

Although the indirect nature of the 
comparison does not allow for definitive 
conclusions, available data suggest that 
CAR-T cell therapy may demonstrate some-
what higher efficacy compared to BiTEs. 
However, this is accompanied by a signifi-
cantly greater toxicity profile associated 
with the CAR-T approach [51]. At the 
same time, these findings are preliminary 
and cannot be extrapolated to the use of 
BiTE constructs, including those with dif-
ferent antigen specificities, or to the appli-
cation of such approaches in the treatment 
of SARDs. Nevertheless, in the context of 
their potential use in rheumatologic practice, 
the relatively lower toxicity of BiTEs could 
represent a critical advantage. We attempted 
to compare the key characteristics of CAR-
T cell therapy and BiTE technologies that 
may determine their future applicability in 
rheumatology (see table). 

Thus, CAR-T cell therapy represents 
a promising tool primarily in antitumor 

treatment; however, its extremely high cost and the risk of com-
plications may potentially limit its widespread use in the therapy 
of autoimmune diseases, including rheumatic disorders. At the 
same time, the technology for generating therapeutic BiTEs offers 
broad opportunities for the development of classical biologic im-
munomodulatory drugs targeting various subpopulations of key 
immune-competent cells, primarily effectors of the humoral 
immune response, which can be successfully employed in the 
treatment of SARDs. The ease of standardizing BiTE-based drugs, 
the absence of the need to manufacture the drug de novo for each 
patient, the possibility of immediate administration (eliminating 
any time lag), predictable pharmacokinetics (a known and limited 
half-life), flexibility in dosing regimens allowing gradual dose es-
calation, the ability to individualize treatment duration and course 
frequency, the potential for easy and accessible repeated treatment 
cycles if necessary, the option to discontinue the drug in case of 
adverse reactions, and a substantially lower cost of short-cycle 
low-dose therapy compared to CAR-T cell therapy all represent 
defining advantages of this technology for developing new drugs 
for depletion-restitution therapy of SARDs. 

Thus, CAR-T cell therapy represents a promising tool primarily 
in antitumor treatment; however, its extremely high cost and the 
risk of complications may potentially limit its widespread use in 

Fig. 3. Therapeutic structures – B-cell targets (adapted from [49])
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Fig. 4. Comparison of efficacy and adverse reaction frequency in anti-CD19 CAR-T therapy 
vs. BiTE (adapted from [50]), %
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the therapy of autoimmune diseases, including rheumatic disorders. 
At the same time, the technology for generating therapeutic BiTEs 
offers broad opportunities for the development of classical biologic 
immunomodulatory drugs targeting various subpopulations of key 
immune-competent cells, primarily effectors of the humoral 
immune response, which can be successfully employed in the 
treatment of SARDs. The ease of standardizing BiTE-based drugs, 
the absence of the need to manufacture the drug de novo for each 
patient, the possibility of immediate administration (eliminating 
any time lag), predictable pharmacokinetics (a known and limited 
half-life), flexibility in dosing regimens allowing gradual dose es-
calation, the ability to individualize treatment duration and course 
frequency, the potential for easy and accessible repeated treatment 
cycles if necessary, the option to discontinue the drug in case of 
adverse reactions, and a substantially lower cost of short-cycle 
low-dose therapy compared to CAR-T cell therapy all represent 
defining advantages of this technology for developing new drugs 

for depletion-restitution therapy of SARDs. 
Both technologies possess significant potential for further 

development. Among the promising concepts for improving  
CAR-T cell therapy are alternative methods of modifying donor 
cells, including in vivo approaches, which could potentially shorten 
the lag period before therapy initiation and help overcome logistical 
challenges. Another strategy involves precise molecular “tuning” 
of CAR-T cell receptors to target B-cell effectors expressing 
specific autoantibodies and receptors, achieved, in particular, by 
incorporating autoantigenic epitopes directly into the CAR or  
T-cell receptor structure. This enables selective depletion of ex-
clusively autoreactive cells (CAAR, CATCR) [54–56]. 

A similar principle was employed in the development of pro-
totype molecules of new bispecific T-cell engagers specifically 
targeting autoreactive clones of B lymphocytes and plasma cells 
(BaiTE) [19]. The incorporation of autoantigenic epitopes into 
the Fc fragment structure of such constructs resulted in molecules 

Comparison of BiTE and CAR-T characteristics in clinical practice

Depletion-restitution                                                   BiTE                                                                                    Autologic  
therapy                                                                                                                                                                        CAR-T cells

Note. CAAR – chimeric autoantibody receptor; CATCR – chimeric autoantigen T-cell receptor.

Ability to effectively eliminate blood  
and tissue pools of target cells 
 
Manufacturing intricacies and  
characteristics of use 
 
 
Standardization 
 
Mechanism of cytolytic activity 
 
 
Pharmacokinetics 
 
 
 
 
 
Route of administration 
 
 
 
Requirement for lymphodepletion in the 
therapy protocol 
 
Safety 
 
 
 
Pharmacological management methods for 
CRS and ICANS 
 
Risk of irreversible immunosuppression 
 
 
Availability of approved drugs 
 
Cost (based on data from approved indica-
tions) [52, 53] 
 
 
 
Prospects for development of drugs selec-
tively targeting autoreactive clones

+++ 
 
 
Standard monoclonal antibody manufacturing 
technologies. Drugs are immediately available in 
ready-to-use form 
 
Feasible 
 
All patient T cells may potentially participate in 
the cytolytic elimination of target cells 
 
Standard, predictable, with the possibility of indi-
vidualized treatment protocols and slow dose es-
calation 
 
 
 
Intravenous and subcutaneous. Possible outpa-
tient administration, potentially self-administra-
tion. Short-term cyclical treatment 
 
No 
 
 
CRS and ICANs (usually low-grade). Toxicity 
can be limited by slow dose escalation 
 
 
GCs, IL6 and IL1 inhibitors 
 
 
Low with short-term use  
 
 
Yes 
 
Blinatumomab – 89 000 $ cycle, epcoritamab – 
37 500 $ cycle, glofitamab – 41 176 $ cycle, 
teclistamab – 464 128 $ per year and 38 300 $ for 
one cycle (5 weeks) 
 
Yes. BaiTE 

++++ 
 
 
Individualized manufacturing for each patient. 
Treatment is delayed by 4–6 weeks due to the 
need to produce the drug. Logistical complexity 
 
Complex; patient-specific product required 
 
The cytolytic activity is constrained by the num-
ber of transfected T cell clone 
 
Unpredictable, uncontrollable ("living drug"). 
The number of CAR-T cell clones in the recipi-
ent’s body is influenced by the efficiency of their 
proliferation in vivo and the duration of their per-
sistence 
 
Intravenous only. Single treatment 
 
 
 
Yes 
 
 
CRS and ICANs (possibly high-grade). Genotoxi-
city of lymphodepletion regimens. Risk of mali- 
gnant transformation of the transduced clone 
 
GCs, IL6 and IL1 inhibitors 
 
 
Higher, possibly associated with prolonged per-
sistence of the CAR-T cell clone 
 
Yes 
 
350 000–500 000 $ 
 
 
 
 
Yes. CAAR, CATCR



C U R R E N T  I S S U E

8 Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2025;19(3):7–18

that activate T cells exclusively in the presence of autoreactive 
pathogenic cells, identified by their pre-known molecular receptor 
characteristics. This approach is expected to significantly reduce 
the likelihood of cytokine-mediated adverse events (CRS, ICANS) 
and the severity of immunosuppression. Initial experimental data 
have already demonstrated the selective depletion of humoral im-
mune effectors autoreactive B cells specific to β2-glycoprotein 1 
and phospholipase A2, the latter being a key factor in the 
pathogenesis of membranous nephropathy using T-cell engager 
molecules constructed based on this principle [19, 57]. This opens 
broad prospects for the treatment of antiphospholipid syndrome, 
membranous nephropathy, and, in the future, a wide range of 
other autoimmune diseases. 

Conclusion 
Although depletion-restitution therapy methods are still in 

early stages of development and require further refinement, it is 
evident that their implementation has the potential to fundamentally 
shift the treatment paradigm. This shift would move away from 
the use of insufficiently effective therapies that fail to alter the 
disease course significantly, towards approaches aimed at modifying 
the fundamental pathogenic mechanisms of SARDs. Therapeutic 
BsAb-based drugs appear to be the most promising tools for the 
rapid implementation of such an approach. Moreover, the principles 
underlying the BsAb structure can be successfully applied to 
improve already existing classes biologics, including anti-cytokine 
agents and costimulatory molecule inhibitors.
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