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Trispecific antibodies (TsAbs) represent an advanced class of 

precision therapeutics featuring three distinct antigen-binding 

domains. Although monoclonal antibodies (mAbs) and bispecific 

antibodies (BsAbs) have achieved considerable success in treat- 

ing tumors and autoimmune diseases, they face inherent limita- 

tions, including antigen escape, treatment resistance, and insuf- 

ficient targeting. While BsAbs can recruit T cells and engage two 

targets, they fail to address clonal evolution or the immunosup- 

pressive tumor microenvironment (TME) in refractory diseases. By 

incorporating a third binding domain, TsAbs recognize additional 

tumor-associated antigens (TAAs) or distinct epitopes, activate im- 

mune effector cells, and modulate the TME within a single molec- 

ular scaffold. Through optimized three-target combinations and 

structural formats, TsAbs enhance target selectivity, therapeutic 

potency, and safety profiles, demonstrating considerable clinical 

potential. Here, we briefly introduce recent advances in TsAb de- 

velopment and highlight their promise as compelling therapeutic 

agents. 

TsAbs have evolved from early multi-target fusion concepts into 

precision therapeutics that encompass functionally distinct sub- 

classes, each designed to address specific mechanisms of resis- 

tance and toxicity. The most clinically advanced subclass is the 

trispecific T-cell engager (TriTCE), which couples dual TAA recog- 

nition with CD3-mediated T-cell redirection, thereby limiting anti- 

gen escape and improving tumor selectivity [ 1 ]. To reverse T-cell 

exhaustion and sustain effec tor func tion within the immunosup- 

pressive TME, a subset of TriTCEs incorporates CD28 or 4-1BB co- 

stimulation, overcoming a major barrier to durable antitumor im- 

munity (Fig. 1 A). Another TriTCE variant incorporates half-life ex- 

tension motifs (e.g. albumin-binding domains) to refine pharma- 

cokinetic properties, reducing dosing frequency while retaining 

robust antitumor activity [ 2–4 ]. 

Trispecific NK-cell engagers (TriKEs) constitute the second 

major class, redirecting NK cells via CD16 or NKp46 while co- 

targeting TAAs. Notably, CD5-targeted TriKEs avoid on-target/off- 

tumor damage to healthy T cells, a unique safety advantage for 

T-cell malignancies that T-cell-engaging agents cannot achieve 

(Fig. 1 B) [ 5 ]. 

Immunomodulatory TsAbs represent the third functional plat- 

form. By co-targeting immune checkpoints (e.g. PD-1, CTLA-4) and

angiogenic factors (e.g. VEGF) while bridging T cells, tumor cells,

and myeloid cells, they remodel the TME, reverse T-cell exhaus-

tion, convert “cold” tumors to “hot” tumors, and restore sensitiv- 

ity to immunotherapy [ 6 , 7 ]. For example, B7H3/CD3/PD-L1, which

also qualifies as a TriTCE, redirects T cells and mitigates immuno-

suppression. Preclinical studies have validated its tumor-killing ef-

ficacy through IFN γ -dependent macrophage reprogramming and 

IL-15-augmented T-cell function [ 8 ] (Fig. 1 C). 

The fourth major class of TsAbs is designed for simultane-

ous triple-target inhibition. Tilrekimig (targeting IL-4R/IL-13/TSLP) 

blocks upstream TSLP and downstream IL-4/IL-13 signaling to dis-

rupt Th2-driven inflammation in atopic dermatitis (AD) (Fig. 1 D)

[ 9 ]. GB263T (EGFR/cMET/cMET), a TsAb targeting EGFR and two

distinct cMET epitopes, simultaneously inhibits primary and sec-

ondary EGFR mutations as well as cMET signaling and has ad-

vanced into clinical trials. Furthermore, logic-gated, conditionally 

active TsAbs represent a notable advance in safety engineering.

By exploiting tumor-restricted protease activity or AND-gate target

co-dependency, these antibodies confine cytotoxic activity to the

TME, substantially reducing the risk of cytokine release syndrome

(CRS) and off-tumor toxicity [ 10 ]. 

The translational development of TsAbs has advanced signif-

icantly across hematologic cancers, solid tumors, and autoim-

mune diseases. Although no TsAb has yet received regulatory

approval, the clinical and preclinical efficacies observed to date

demonstrate substantial therapeutic promise. Among all cate- 

gories, TriTCEs have shown encouraging efficacy in heavily pre-

treated hematologic and solid malignancies. For instance, JNJ-

5322 and IBI3003 (both targeting GPRC5D, BCMA, and CD3) have

demonstrated compelling activity in relapsed/refractory multi- 

ple myeloma (R/R MM). Specifically, JNJ-5322 achieved an ob-

jective response rate (ORR) of 86.1% at the recommended phase

2 dose (RP2D) in 36 patients. Among 27 triple-class exposed

but BCMA/GPRC5D-naïve patients, the ORR at RP2D was 100%,

with 89% attaining at least a very good partial response. Mean-

while, IBI3003 delivered an 83.3% ORR at doses ≥ 120 μg/kg
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Figure 1. Mechanisms and therapeutic applications of TsAbs. (A) TriTCEs simultaneously engage TAAs, CD3-mediated T-cell redirection, or CD28 

co-stimulatory signaling to enhance antitumor T-cell responses; (B) TriKEs redirect NK cells toward TAAs while minimizing off-tumor toxicity to normal 

tissues; (C) Immunomodulatory TsAbs reprogram the immunosuppressive TME by antagonizing checkpoints such as PD-1, PD-L1, and CTLA-4 while 

co-targeting TAAs; (D) TsAbs for autoimmune disorders can concurrently target three distinct pathogenic targets and exert synergistic effects by blocking 

multiple proinflammatory cytokine pathways. 
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nd has received FDA Fast Track Designation (FTD) for R/R 

M. 

In solid tumors, ZG006 (targeting DLL3/DLL3/CD3) demon- 

trated notable activity in small cell lung cancer (SCLC). Among 

0 subjects (30 per dose cohort), the confirmed ORR was 53.3% 

t the 10 mg dose and 56.7% at the 30 mg dose, with 6-month 

rogression-free survival rates of 53.1% and 42.7%, respectively, 

utperforming the Amgen DLL3/CD3 BsAb. Immunomodulatory 

sAbs have also yielded robust clinical and preclinical signals in 

olid tumors. For instance, CS2009 (targeting PD-1/VEGF/CTLA- 

) achieved a 90% ORR and 100% disease control rate (DCR) in 

D–L1–high non-small cell lung cancer (NSCLC), while tricellu- 

ar synapse–forming TsAbs exhibited potent antitumor efficacy in 

varian cancer models. 

Beyond oncology, triple–target synergistic inhibitory TsAbs are 

xpanding the platform’s application into autoimmune diseases. 

ilrekimig achieved a placebo–corrected EASI–75 response of 

9.4% in a phase II trial for moderate–to–severe AD, with a fa- 

orable safety profile characterized by markedly lower conjunc- 

ivitis rates than IL–4R α inhibitors. Additionally, CC312 (targeting 

D19/CD28/CD3) has advanced into early clinical evaluation for 

ystemic lupus erythematosus. 

Despite these remarkable advances, the “more is better” hy- 

othesis lacks universal validity and is far from clinically tenable. 

 representative HER2/CD3/CD28 TsAb was discontinued during 

early-stage development due to unrestrained T-cell hyperactiva-

tion, severe CRS, and life-threatening off-tumor toxicities, with

no meaningful improvement in efficacy relative to its parental

BsAb. This case illustrates that simply stacking binding domains

does not reliably translate into clinical benefit and highlights sev-

eral unresolved challenges that continue to hinder TsAb devel-

opment. First, heightened immune activation increases the risk

of CRS and immune-related adverse events, necessitating careful

dose optimization and proactive risk management. Second, the

multi-domain structure of TsAbs predisposes them to aggregation,

chain mispairing, and instability, raising manufacturing costs and

immunogenicity risks. Third, their relatively large molecular size

limits tissue penetration into stroma-rich solid tumors, potentially

restricting drug exposure to tumor cells. Redundant target speci-

ficities further exacerbate these hurdles by adding unnecessary

developmental costs and regulatory burdens without enhancing

therapeutic outcomes, emphasizing that target multiplicity must

be guided by robust biological rationale rather than arbitrary tar-

get stacking. 

These findings point to a core principle: the clinical value of

TsAbs depends not on binding count, but on smart target selec-

tion, rational structure design, and appropriate disease indica-

tion matching. For target selection, molecules should be chosen

based on the biological features of the TME and disease patho-

genesis to maximize therapeutic benefit, with priority given to
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non-redundant targets that overcome critical resistance mech- 

anisms. Regarding structural design, optimizing binding affinity 

and molecular stability while preserving spatial conformation is 

essential. Furthermore, incorporating conditional activation sys- 

tems may broaden the therapeutic window. Regarding indica- 

tions, TsAbs have demonstrated superior performance relative to 

BsAbs in hematologic malignancies with high antigen heterogene- 

ity. In solid tumors, however, customized structural designs are re- 

quired to address challenges such as limited tumor-penetrating 

ability and chronic immunosuppression. 

In conclusion, TsAbs represent a revolutionary therapeutic 

platform for next-generation immuno-oncology and inflamma- 

tory disease treatment. However, future development should 

move beyond the “more is better” paradigm toward more pre- 

cise, mechanism-based engineering. Achieving this goal will re- 

quire the adoption of computational design and high-throughput 

functional assays. Moreover, the field may advance toward tetra- 

specific antibodies (TetraMabs) that integrate additional im- 

munomodulatory signals such as IL-15 and NKG2D. Meanwhile, 

combination strategies with CAR-T cells, antibody-drug conju- 

gates (ADCs), or chemotherapy could provide viable solutions to 

overcome therapeutic resistance. Ultimately, with stringent crite- 

ria for target selection, rational structure engineering, and well- 

designed clinical trials, TsAbs hold great promise to address un- 

met clinical needs, expand the therapeutic landscape, and deliver 

greater benefit to patients. 
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