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Background: Colorectal cancer (CRC) is a malignant tumor with a high incidence
and mortality rate worldwide. The existing treatment methods have limitations in
terms of efficacy or applicable population. Bispecific antibodies (BsAbs) can
simultaneously target two different antigens and are expected to overcome
tumor immune escape, providing a new strategy for the treatment of CRC.
Method: This study systematically retrieved clinical trial registration platforms
such as Trialtrove and ClinicalTrials.gov up to July and November 2025, and
collected trial data on the treatment of CRC with BsAbs. Descriptive analyses
were conducted on key indicators such as the stage distribution, primary
endpoints, funding types, global distribution, and target combinations of the
trials by establishing clear inclusion and exclusion criteria.

Result: A total of 192 clinical trials were included. Since 2018, the number of
related trials has significantly increased, and the trial phase has shifted from
mainly Phase | in the early stage to a substantial growth in Phase Il and Phase Il
trials after 2023-2024. The primary endpoints of the trial were highly
concentrated on safety assessment (such as safety/tolerability, adverse events).
The industrial sector is the main funder (68.3%), and the number of trials
conducted in China (n=125) ranks first in the world. The target combinations
are most commonly PD-1/CTLA-4 and PD-1/VEGF, and studies on novel
combinations such as EGFR/cMET are also on the rise. Efficacy data from key
trials (e.g., Cadonilimab, Amivantamab) demonstrate encouraging response rates
in both locally advanced and metastatic settings, particularly in MSS/
PpMMR populations.

Conclusion: The clinical research and development activities of BsAbs in the field
of CRC treatment are becoming increasingly active and mature. Currently, the
focus is on establishing a safety profile. Dual-target blocking based on PD-1 and
strategies targeting EGFR/cMET are the current main research and development
directions. In contrast to resource-intensive CAR-T or payload-driven ADCs,
BsAbs provide a ready-to-use therapeutic format that simultaneously engages
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two antigens, offering distinct practical and mechanistic benefits. In the future, it
is necessary to further optimize the design of BsAbs, explore combination
therapies and identify predictive biomarkers to promote its clinical
transformation and improve the prognosis of CRC patients.

KEYWORDS

bispecific antibodies, clinical trial landscape analysis, clinical trials, colorectal cancer,
immunotherapy, target combinations

1 Introduction

Colorectal cancer (CRC) ranks among the most prevalent and
lethal malignancies worldwide, posing a substantial public health
challenge. It is the third most commonly diagnosed cancer and the
second leading cause of cancer-related deaths globally (1).
Epidemiological data reveal persistent high incidence and mortality
rates, with notable geographic and demographic disparities. For
instance, Asia accounted for 50.2% of global colorectal cancer cases
in 2022, with incidence and mortality projected to rise significantly by
2050, particularly in low Human Development Index countries (2).
Similarly, racial and ethnic disparities are evident in the United States,
where African American populations exhibit higher incidence and
mortality rates compared to other groups (3). Current CRC treatment
modalities encompass surgery, chemotherapy, radiotherapy, targeted
therapy, and immunotherapy. While these approaches have achieved
varying degrees of success, significant limitations persist.
Chemotherapy remains a cornerstone of treatment but is often
hindered by chemoresistance and debilitating side effects (4, 5).
Targeted therapies against epidermal growth factor receptor
(EGFR) and vascular endothelial growth factor (VEGF) pathways
have improved outcomes in select patient subsets; however, primary
and acquired resistance mechanisms, such as mutations in RAS and
BRAF genes, limit their long-term effectiveness (6, 7).
Immunotherapy, particularly immune checkpoint inhibitors (ICls),
has revolutionized cancer treatment but demonstrates limited efficacy
in CRC, largely confined to microsatellite instability-high (MSI-H) or
mismatch repair-deficient (AMMR) tumors, which constitute a
minority of cases (8, 9). The majority of CRC patients with
microsatellite stable (MSS) disease do not benefit from ICIs due to
an immunosuppressive tumor microenvironment and immune
evasion mechanisms.

Given these challenges, there is a compelling rationale to
explore novel immunotherapeutic modalities that can enhance
antitumor immune responses with improved specificity and
reduced toxicity. Among these, bispecific antibodies (BsAbs) have
emerged as a promising class of agents that can simultaneously
engage two distinct antigens, thereby redirecting immune eftector
cells to tumor cells and overcoming immune escape (10). BsAbs can
be engineered to target tumor-associated antigens (TAAs) and
immune cell receptors, such as CD3 on T cells, facilitating
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targeted cytotoxicity independent of major histocompatibility
complex (MHC) restrictions (11). This dual specificity offers the
potential to enhance treatment precision and efficacy while
mitigating off-target effects.

Recent years have witnessed a growing number of clinical trials
investigating BsAbs in CRC, targeting various antigens including
carcinoembryonic antigen (CEA), epithelial cell adhesion molecule
(EpCAM), guanylyl cyclase C (GUCY2C), and others (12-14). These
studies have demonstrated encouraging antitumor activity and
manageable safety profiles, highlighting the versatility of BsAbs in
addressing tumor heterogeneity and resistance. Moreover, advances
in antibody engineering have enabled the development of novel
formats such as trispecific antibodies and bispecific antibody-drug
conjugates (ADCs), further expanding therapeutic options (15-17).
Importantly, combination strategies incorporating BsAbs with
immune checkpoint blockade or chemotherapy have shown
synergistic effects, suggesting avenues to overcome intrinsic
resistance mechanisms (11, 18). Despite these promising
developments, challenges remain in optimizing BsAb design,
identifying suitable target antigens with high tumor specificity, and
managing immune-related adverse events such as cytokine release
syndrome (11). Additionally, the complex tumor microenvironment
in CRC, characterized by immunosuppressive cells and signaling
pathways, necessitates integrated approaches to enhance immune
infiltration and activation (19). The heterogeneity of CRC at the
molecular and cellular levels also underscores the need for
personalized therapeutic strategies guided by biomarker profiling (7).

In this context, a systematic review and analysis of clinical trials
employing bispecific antibodies in CRC is timely and critical. This
study pioneeringly amalgamates data from worldwide clinical trial
registration platforms to furnish a comprehensive descriptive analysis
of the overarching framework, phase distribution, and status of drug
development in current trials, thereby providing insights for the
macro-level enhancement of future clinical trial designs.

2 Methods

We performed a systematic search of Trialtrove (https://
clinicalintelligence.citeline.com/) on July 12, 2025. The initial
search strategy employed the following query: (Disease is
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Oncology: Colorectal) AND (Drug Type is Biological > Protein >
Antibody > Bispecific antibody). To maximize search
comprehensiveness and minimize the risk of omission, a
supplementary search was performed on November 25, 2025,
across the primary registries endorsed by the International
Clinical Trials Registry Platform (ICTRP), such as
ClinicalTrials.gov. The same key concepts (colorectal cancer,
bispecific antibodies) were applied to ensure consistency. The
analysis of the identified trial records focused on the following
key metrics: trial phase, recruitment status, primary endpoints, drug
targets, and sponsor types along with their geographical
distribution. Two investigators independently extracted and
validated source data to ensure conclusion accuracy, according to
the following procedure. This included processing unstructured
data, resolving missing information, and mitigating classification
bias, implementing rigorous quality control. Residual limitations do
not compromise the study’s overall trends(Figure 1).

First, to avoid duplication of data, the studies that passed the
initial screening were scrutinized for duplicate records. This
involved comparing key trial identifiers, such as the clinical trial
registration number and core study design elements. Duplicate
entries were identified and merged or removed to ensure each
trial was represented only once in the analysis.

Subsequently, the initial screening was performed based on the
study title, design, and medical condition. Studies were included if
they explicitly involved interventions with bispecific antibodies for
colorectal cancer. The exclusion criteria were defined as follows:
studies with a primary focus on diagnostics, those with a
recruitment status of ‘withdrawn’, trials not related to colorectal
cancer, or those not involving bispecific antibody therapy
were excluded.

Finally, to maximize the comprehensiveness of our dataset, we
also included trials focusing on solid tumors that explicitly listed
colorectal cancer among the participant cohorts or cancer types
studied, provided they met all other inclusion criteria. This
approach aimed to capture all potentially relevant bispecific

10.3389/fonc.2026.1758251

antibody trials applicable to the colorectal cancer population. To
evaluate the geographic equity of trial participation, we further
classified trial countries as low- or middle-income if their per-capita
gross national income (GNI) was < US $4,465 according to the
World Bank 2023 threshold. Data extraction and management for
the final included studies was performed using Microsoft Excel. The
world map and bubble were produced using Tableau Software
(v2019.4.4), and all other graphics were created using Origin 2021.

3 Results

3.1 Trial phases and temporal
characteristics

Analysis of clinical trial data from 2011 to 2025 is expected to
reveal a marked expansion in bispecific antibody development for
colorectal cancer, with a total of 192 trials initiated(Figure 2A).
Activity was limited in the early years (2011-2017), but followed by
a substantial increase from 2018 onward. Notably, clinical trials
have undergone a fundamental shift: Phase I trials dominated the
initial growth phase, but a notable surge in Phase II trials began in
2023 (n=22), becoming the most active phase in 2024-2025.
Furthermore, the recent emergence of Phase III trials (starting in
2024, n=6) signals that the most advanced candidates are now
entering large-scale, confirmatory studies.

3.2 Analysis of primary endpoints in clinical
trials

Analysis of primary endpoints demonstrates a predominant
focus on safety assessment in bispecific antibody trials for colorectal
cancer(Figure 2B). The most frequent endpoints are “Safety and
Tolerability” (n=88) and “Adverse Events” (n=85), followed by key
safety metrics such as “dose-limiting toxicities” (n=76) and
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(https://clinicalintelligence.citeline.com/)
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4 A

( "Antibodies, Bispecific"” OR “Bifunctional Antibodies” OR
"Antibodies, Bifunctional” OR “Bispecific Antibodies” OR
"Bispecific Monoclonal Antibodies” OR “Antibodies, Bispecific

Monoclonal” OR  “Monoclonal Antibodies, Bispecific") AND

("Colorectal Neoplasms" OR "Colorectal Neoplasm"OR "Neoplasm,

Colorectal" OR "Colorectal Tumors"OR "Colorectal Tumor"OR
"Tumor, Colorectal"OR "Tumors, Colorectal"OR "Neoplasms,

Colorectal"OR "Colorectal Cancer"OR "Cancer, Colorectal"OR
"Cancers, Colorectal"OR "Colorectal Cancers"OR "Colorectal

CarcinomaOR "Carcinoma, Colorectal"OR "Carcinomas,

Qorecla]"OR "Colorectal Carcinomas")

Search term related key word

Frontiers in Oncology

03

frontiersin.org


https://doi.org/10.3389/fonc.2026.1758251
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Shao et al. 10.3389/fonc.2026.1758251

[ rhase Iv

50
= I;::z igm [ Number of trials
[JPhase 1t 42
I Phase 111 X Safety and Tolerability

404 [ Phase T |

Adverse Events
Overall response rate
Dose-limiting toxicities

Response evaluation criteria in solid tumors

Primary Endpoint

Trials

Maximum tolerated dose
Complete response

Common Terminology Criteria for Adverse Events
Serious Adversc Event

Vital signs

0 20 40 60 80
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Number of trials

year
-
” e e . . Industry
% 1 Planned 21% 11% [0 Academic
0% [ Terminated [ Government
I Closed [ other
[ Temporarily Closed
285%
47
7% Trials status *

sponsor types

‘ 683%
20%

China United States Australia

FIGURE 2

Comprehensive overview of multidimensional data analysis in clinical trials. (A) Distribution by year and trial phase. (B) Primary endpoints evaluated in
clinical trials. (C) Status distribution of clinical trials. (D) Types of sponsors for clinical trials. (E) Drug target classes assessed in bispecific antibody
clinical trials. (F) Global distribution of clinical trials, with darker red indicating higher registration number.

“maximum tolerated dose” (n=58). While efficacy endpoints like 3.3 Trial status and sponsorship [andscape
“overall response rate” (n=81) are also prominent, the consistent

prioritization of safety parameters underscores the critical need to Analysis of trial status across the 192 studies indicates a highly
establish a tolerable therapeutic profile during clinical development  active and evolving field(Figure 2C). Nearly half of the trials (47%)
of these novel agents. are currently open for participant recruitment, while a significant
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proportion (17%) are in the planning stage. Completed trials
account for 20% of the total. A non-negligible proportion of trials
were terminated, accounting for 10% (n=20) of the total. Analysis of
sponsorship demonstrates that industry is the predominant
sponsor; responsible for approximately 68.3% of trials(Figure 2D).
Academic institutions represent the second largest sponsor category
(28.5%), while government and other entities play a minor role
(2.1% and 1.1%, respectively).

3.4 Analysis of global distribution and
international collaboration

The global distribution of clinical trials for bispecific antibodies
in colorectal cancer demonstrates extensive international
collaboration(Figure 2F). The largest and most diverse study
(NCT06750094) shows participation from 28 countries, involving
approximately 180 research centers. The United States (42 sites)
and China (18 sites) contribute the largest number of research
centers. At the macro level, China leads in total trial numbers
(n=125), nearly double that of the United States (n=64), with
Australia (n=23), Spain (n=22), and France (n=19) also showing
significant activity. Despite the extensive international collaboration
observed in BsAbs trials for CRC, our analysis reveals a striking
underrepresentation of low- and middle-income countries
(LMICs). Among the phase II/III trials, only one trial
(TrialTroveID-550131, amivantamab in EGFR/c-MET-positive
CRC) explicitly included an LMIC (India) as a participating
region (Supplementary Table 1).

3.5 Landscape of bispecific antibody target
combinations

Analysis reveals that PD-1-based pairs, particularly with CTLA-
4 or VEGF, are the most prevalent strategies in bispecific antibody
(BsAb) development for colorectal cancer (CRC), as indicated by

10.3389/fonc.2026.1758251

the largest circle sizes representing trial frequency(Figure 2E).
Clinical investigation of the PD-1/CTLA-4 axis is exemplified by
the Phase II trial of cadonilimab (AK104) in metastatic CRC
(NCT05747716). While some combinations, like PD-1/VEGF, are
being explored in broader solid tumor trials due to shared
oncogenic pathways, their investigation provides a critical
rationale for CRC-specific applications, given the significant
expression of these targets in CRC. Beyond these established
immune-checkpoint combinations, emerging targets like EGFR/
cMET are gaining traction. BsAbs such as amivantamab (JNJ-
61186372), initially studied in broader solid tumors
(NCT04606381), are highly relevant for CRC due to the critical
role of cMET signaling in resistance to anti-EGFR therapy.

3.6 Comprehensive analysis of clinical
efficacy data

In addition to the macro-analysis of trial volume, phase, and
target distribution, this review also systematically compiles
published or preliminarily disclosed efficacy data from relevant
clinical trials (Tables 1 and 2). In the neoadjuvant treatment of
locally advanced colorectal cancer, Cadonilimab demonstrated a
high pathological complete response (pCR) rate (84.6%) and a
100% major pathological response (MPR) in dMMR/MSI-H
patients. In pMMR/MSS patients, Cadonilimab combined with
chemotherapy also showed superior pathological response and
downstaging rates compared with chemotherapy alone. In
systemic treatment for metastatic colorectal cancer, several BsAbs
combined with chemotherapy or antiangiogenic agents have shown
encouraging objective response rates (ORR) in MSS-type patients.
For example, Cadonilimab combined with FOLFOXIRI and
bevacizumab achieved an ORR of 100% in the first-line setting,
and Ivonescimab combined with chemotherapy yielded an ORR
exceeding 80%. Furthermore, Amivantamab targeting the EGFR/
cMET pathway still achieved an ORR of 49% in treatment-
refractory RAS/BRAF wild-type patients who had failed prior
anti-EGFR therapy.

TABLE 1 Summary of efficacy from clinical trials of novel agents in neoadjuvant treatment for locally advanced colorectal cancer.

Treatment
regimen

Patient
population

Bispecific

antibody Study design

pPCR rate

MPR/downstaging rate

Key safety profile

Grade 3-4 TRAEs:
Cadonilimab Single-arm Phase I1 AMMR/MSI-H Cadonilimab 84.6% (11/13) MPR: 100% (13/13) 1r4a7§/ (includin, :
(TrialTrovelD-466260) LACRC o RO resection: 100% (13/13) S
myocarditis, myositis)
A: MPR 68.3%;
A:mFOLFOXIRI + A26.8% Downstaging 65.9%
Cadonilimab Randomized Phase II pPMMR/MSS Cadonilimab B-'15.4°/0 B: MPR 48.7%; Not reported in detail
(TrialTrovelD-444582) LACRC B:mFOLFOXIRI (5_9 .S(VO Downstaging 46.2% P
C:mFOLFOX6 o C: MPR 43.9%;
Downstaging 41.5%
SCRT — MPR: 55.6%
Single- Phase 1T MMR/MSS
Cadonilimab m,g c-arm Fhase s Cadonilimab + 37.0% (10/27) T-downstaging: 59.3%; N- Grade 3-5 AEs: 18.5%
(TrialTrovelD-464109) LARC .
mFOLFOX6 downstaging: 66.7%

AE, adverse event; AMMR, deficient mismatch repair; LACRC, locally advanced colorectal cancer; LARC, locally advanced rectal cancer; MPR, major pathological response; MSI-H, microsatellite
instability-high; MSS, microsatellite stable; pCR, pathological complete response; pMMR, proficient mismatch repair; SCRT, short-course radiotherapy; TRAE, treatment-related adverse event.
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TABLE 2 Summary of efficacy from clinical trials of novel agents in systemic treatment for metastatic colorectal cancer.

Bispecific
antibody

Patient population
& line of therapy

Study design

Treatment
regimen

DCR/survival Key safety profile

Single-arm Phase IT PMMR/MSS mCRC

Cadonilimab
adontima (Trial TrovelD-468024) (L)

Cadonilimab +
Bevacizumab +
FOLFOXIRI

Grade 3-4 AEs:
Neutropenia (55%)

DCR: 100%

100% (15/15
% (15/15) mPFS/mOS: Immature

A:Ivonescimab +

DCR:100% (both Grade >3 TRAEs: A:

(TrialTrovelD-547031) (=3L, Later-line)

MSS mCRC FOLFOXIRI 54.5%,
, Randomized Phase 11 m ) A81.8% groups) e
Ivonescimab K (1L) B:Ivonescimab 9-month PFS Rate:A: B: 44.4%.(including
(TrialTrovelD-432498) . R B:88.2% X X
>50% KRAS/BRAF mutant +Ligufalimab+ 81.4%, neutropenia, leukopenia,
FOLFOXIRI B: 86.2% diarrhea)
RAS/BRAF WT, Anti- Amivant: b DCR: 88%
. Single-arm Phase I/II i mivantamab ’ Neutropenia, rash. No
Amivantamab (TrialTrovelD-432461) EGFR mCRC FOLFOX/ 49% mPFS:7.5 months additive toxicit
- X
v (1L/2L) FOLFIRI mDoR:7.4 months v ¥
Cohort 1:mOS 16.1
Cohort 1:IBI363 Grade >3 TRAEs:
Multi-cohort Phase 1 MSS/pMMR mCRC Cohort 1:12.7% th
IBI363 (i-cotiort Fhase L Cohort 21B1363 | " ° months Cohort 1: 23.5%, Cohort

+ Bevacizumab

Cohort 2:23.5% Cohort 2:DCR 83.9%

2:30.1%
mPFS 9.6 months ’

1L, first-line; 2L, second-line; 3L, third-line; AE, adverse event; DCR, disease control rate;mCRC, metastatic colorectal cancer; mDoR, median duration of response; mOS, median overall survival;
mPFS, median progression-free survival;ORR, objective response rate; PFS, progression-free survival; TRAE, treatment-related adverse event;

4 Discussion

From 2011 to 2025, the clinical trial field of bispecific antibodies
(BsAb) for colorectal cancer (CRC) has undergone significant
expansion, evolving from sporadic early explorations to a
powerful drug development team with 192 studies. This progress
is marked by a shift from the dominance of Phase I clinical trials to a
surge in Phase II and III clinical trials starting in 2023-2024. The
primary focus of these trials remains safety, and determining dose-
limiting toxicity and the maximum tolerated dose (MTD) has
become the top priority. The development of this field is mainly
driven by the industrial sector, which sponsors 68.3% of clinical
trials, while academic institutions contribute 28.5%. In addition, the
treatment focus has been concentrated on dual blocking based on
PD-1 and strategies targeting EGFR/cMET.

The prevalence of PD-1 combination therapy, especially PD-1/
CTLA-4 and PD-1/VEGF combination therapy, aims to overcome
the limitations of single-agent immunotherapy. Most colorectal
cancers are microsatellite stable type (MSS), with a cold tumor
immune microenvironment, and are insensitive to single treatment
mainly based on immune checkpoint inhibitors (20). In the past, the
main treatment methods were immune checkpoint inhibitors
combined with chemotherapy or targeted therapy (21). In the
neoadjuvant treatment of locally advanced colorectal cancer,
cadonilimab, targeting PD-1/CTLA-4, has demonstrated a
remarkably high pathological pCR rate (84.6%) and a 100% MPR
rate in patients with dMMR/MSI-H tumors (TrialTrovelD-
466260). More importantly, in the pMMR/MSS population,
cadonilimab combined with chemotherapy (mFOLFOXIRI)
significantly increased both the pCR rate (26.8% vs. 9.8%) and the
MPR/downstaging rate compared with chemotherapy alone
(TrialTroveID-444582). These findings indicate that
simultaneously blocking non-redundant immune checkpoints
represents an emerging strategy—based on the principle of

Frontiers in Oncology

enhancing T-cell infiltration and activation—to convert these
immunologically cold tumors into hot ones (22). Furthermore,
the emergence of EGFR/cMET targeted bispecific antibodies
(amivantamab) has addressed a key issue that urgently needs to
be solved: acquired drug resistance (23). As cMET amplification is a
known resistance mechanism to anti-EGFR therapies (cetuximab or
panitumab), this dual-target drug provides mechanism rationality
for reducing drug resistance in patients with MSS of CRC.

Unlike CAR-T cell therapy or TCR-engineered T cells, which
achieve deep remissions in hematologic malignancies but remain
constrained by limited trafficking and antigen loss in solid CRC (24,
25), BsAbs offer off-the-shelf availability and rapid T-cell
redirection without ex vivo manipulation. Similarly, third-
generation Antibody drug conjugate (26) provide potent
bystander cytotoxicity yet rely on adequate target internalization
and stable linker chemistry; dose-limiting interstitial lung disease
has been reported with HER2-directed ADCs. In MSS-CRC, where
tumor heterogeneity and low immunogenicity predominate, BsAbs
therefore occupy a complementary niche—functioning as micro-
environmental “igniters” that can be sequenced or combined with
CAR-T/TCR-T depth or ADC payload, rather than competing
head-to-head on single-agent efficacy.

The primary endpoints of most clinical trials, namely safety and
tolerability, underscore the dual nature of BsAbs therapy: despite
their potent antitumor efficacy, significant toxicities remain a
serious concern. For example, in locally advanced disease,
cadonilimab (TrialTrovelD-466260)—either as monotherapy or in
combination—has been associated with grade 3-4 treatment-
related adverse events (TRAEs) including immune-related
toxicities such as myocarditis and myositis. In metastatic settings,
regimens combining BsAbs with chemotherapy frequently lead to a
high incidence of hematological toxicities like neutropenia, with >
grade 3 events occurring in 44.4% to 55% of patients. Although T-
cell redirection—an MHC-independent mechanism—delivers
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effective tumor killing, it also introduces risks such as on-target/off-
tumor toxicity and cytokine release syndrome (CRS) (27). Extensive
concern over the maximum tolerated dose (MTD) and dose-
limiting toxicity indicates that the therapeutic indices of many
such drugs are still being determined. Unlike various broad-
spectrum chemotherapy drugs, bispecific antibodies require
precise administration to balance immune activation and systemic
safety. As the Phase II clinical trials determined for 2024-2025 are
gradually launched, we expect endpoint priority to shift towards
efficacy metrics such as overall survival (OS) and progression-free
survival (PFS), which will ultimately determine their clinical
application value.

The design and development of novel bispecific antibodies
(BsAbs) for colorectal cancer are increasingly focusing on multi-
target and multi-functionality to overcome tumor heterogeneity
and therapeutic limitations. Innovative technologies such as
trispecific T-cell adaptors (TriTEs), which can simultaneously
target two antigens (such as EGFR and EpCAM), have
demonstrated the ability to prevent antigen escape (15).
Meanwhile, advanced delivery systems such as hollow
mesoporous ruthenium nanoparticles and mrNA-lipid
nanoparticles (LNP) platforms are being used to enhance tumor
penetration and achieve in situ drug production (28, 29). In
addition, artificial intelligence (AI) is being utilized to optimize
structural affinity - for instance, by reducing the affinity of the CD3
domain - in order to balance potent cytotoxicity and lower the risk
of cytokine release syndrome (30). Identifying predictive
biomarkers is crucial for individualized treatment. The expression
levels of CEA, EpCAM and LY6G6D are related to the efficacy of
bispecific antibodies (BsAb) (16). Higher antigen density usually
leads to enhanced cytotoxicity of tumor cells, and non-invasive
plasma exosome markers (such as c¢c-MET/PD-L1) are key
indicators for predicting therapeutic effects (9).

Author contributions

WS: Writing - review & editing, Writing - original draft,
Conceptualization. YL: Writing - original draft, Methodology,
Conceptualization, Writing - review & editing. LH: Writing -
review & editing, Methodology, Writing - original draft.
SL: Writing - review & editing, Writing - original draft,
Visualization. YZ: Formal Analysis, Validation, Writing — review
& editing, Writing - original draft. YX: Methodology, Writing -
review & editing, Writing - original draft. NC: Writing — review &
editing, Writing — original draft, Visualization. PY: Resources,
Writing — original draft, Writing - review & editing, Supervision.

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. (2024) 74:229-63. doi: 10.3322/caac.21834

Frontiers in Oncology

10.3389/fonc.2026.1758251

QL: Supervision, Writing — review & editing, Resources, Writing —
original draft.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This research was funded by the
Primary Health Development Research Center of Sichuan Province
Program (20240307003), the Sichuan Provincial Medical Research
Project (Q23012), and the Science and Technology Program of
Nanchong (23JCYJPT0074).

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2026.1758251/
full#supplementary-material

2. Fu M, Li Y, Wang J. Incidence and mortality of colorectal cancer in asia in 2022
and projections for 2050. ] Gastroenterol Hepatol. (2025) 40:1143-56. doi: 10.1111/
igh.16910

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2026.1758251/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2026.1758251/full#supplementary-material
https://doi.org/10.3322/caac.21834
https://doi.org/10.1111/jgh.16910
https://doi.org/10.1111/jgh.16910
https://doi.org/10.3389/fonc.2026.1758251
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Shao et al.

3. Carethers JM. Racial and ethnic disparities in colorectal cancer incidence and
mortality. Adv Cancer Res. (2021) 151:197-229. doi: 10.1016/bs.acr.2021.02.007

4. Kumar A, Gautam V, Sandhu A, Rawat K, Sharma A, Saha L. Current and
emerging therapeutic approaches for colorectal cancer: A comprehensive review. World
] Gastrointest Surg. (2023) 15:495-519. doi: 10.4240/wjgs.v15.i4.495

5. Marin JJG, Sanchez De Medina F, Castafio B, Bujanda L, Romero MR, Martinez-
Augustin O, et al. Chemoprevention, chemotherapy, and chemoresistance in colorectal
cancer. Drug Metab Rev. (2012) 44:148-72. doi: 10.3109/03602532.2011.638303

6. Saoudi Gonzalez N, Lopez D, Gomez D, Ros J, Baraibar I, Salva F, et al.
Pharmacokinetics and pharmacodynamics of approved monoclonal antibody therapy
for colorectal cancer. Expert Opin Drug Metab Toxicol. (2022) 18:755-67. doi: 10.1080/
17425255.2022.2160316

7. Leite LF, Noronha MM, de Menezes JSA, Da Conceigao LD, Almeida LFC, Cappellaro
AP, et al. Anti-EGFR therapy in metastatic colorectal cancer: identifying, tracking, and
overcoming resistance. Cancers (Basel). (2025) 17. doi: 10.3390/cancers17172804

8. Galbraith NJ, Wood C, Steele CW. Targeting metastatic colorectal cancer with
immune oncological therapies. Cancers (Basel). (2021) 13. doi: 10.3390/
cancers13143566

9. Wang P, Sun LL, Clark R, Hristopoulos M, Chiu CPC, Dillon M, et al. Novel anti-
LY6G6D/CD3 T-cell-dependent bispecific antibody for the treatment of colorectal
cancer. Mol Cancer Ther. (2022) 21:974-85. doi: 10.1158/1535-7163.MCT-21-0599

10. Balibegloo M, Rezaei N. Development and clinical application of bispecific
antibody in the treatment of colorectal cancer. Expert Rev Clin Immunol. (2020)
16:689-709. doi: 10.1080/1744666X.2020.1783249

11. Ma H, Wang H, Sové R], Wang ], Giragossian C, Popel AS. Combination therapy
with T cell engager and PD-L1 blockade enhances the antitumor potency of T cells as
predicted by a QSP model. ] Immunother Cancer. (2020) 8. doi: 10.1136/jitc-2020-001141

12. Mathur D, Root AR, Bugaj-Gaweda B, Bisulco S, Tan X, Fang W, et al. A novel
GUCY2C-CD3 T-cell engaging bispecific construct (PF-07062119) for the treatment of
gastrointestinal cancers. Clin Cancer Res. (2020) 26:2188-202. doi: 10.1158/1078-
0432.CCR-19-3275

13. Wang L, Qiao Y, Zong H, Han L, Ke Y, Pan Z, et al. IgG-like bispecific antibody
CD3xEpCAM generated by split intein against colorectal cancer. Front Pharmacol.
(2022) 13:803059. doi: 10.3389/fphar.2022.803059

14. Lin Y, Lin K, Fu Q, Sun X, Wang H, Su L, et al. Co-blocking TIGIT and PVRIG
using a novel bispecific antibody enhances antitumor immunity. Mol Cancer Ther.
(2025) 24:664-77. doi: 10.1158/1535-7163.MCT-23-0614

15. Tapia-Galisteo A, Sanchez Rodriguez i, Aguilar-Sopena O, Harwood SL,
Narbona J, Ferreras Gutierrez M, et al. Trispecific T-cell engagers for dual tumor-
targeting of colorectal cancer. Oncoimmunology. (2022) 11:2034355. doi: 10.1080/
2162402X.2022.2034355

16. Sun Z, Gu C, Wang X, Shang A, Quan W, Wu J, et al. A novel bivalent anti-c-
MET/PD-1 bispecific antibody exhibits potent cytotoxicity against c-MET/PD-L1-
positive colorectal cancer. Invest New Drugs. (2023) 41:737-50. doi: 10.1007/s10637-
023-01381-4

Frontiers in Oncology

08

10.3389/fonc.2026.1758251

17. Synan A, Wu NG, Velazquez R, Gesner T, Logel C, Mueller K, et al. A bispecific
antibody-drug conjugate targeting pCAD and CDH17 has antitumor activity and
improved tumor-specificity. Mabs. (2025) 17:2441411. doi: 10.1080/
19420862.2024.2441411

18. Kang X, Qian P, Han Y, Wu M, Li Y, Xu C, et al. A bispecific antibody targeting
PD-L1/TNFR2 increases tumor targeting and enhances antitumor efficacy in colorectal
cancer. ] Immunother Cancer. (2025) 13. doi: 10.1136/jitc-2025-013001

19. Zhao Q, Zong H, Zhu P, Su C, Tang W, Chen Z, et al. Crosstalk between
colorectal CSCs and immune cells in tumorigenesis, and strategies for targeting
colorectal CSCs. Exp Hematol Oncol. (2024) 13:6. doi: 10.1186/s40164-024-00474-x

20. Hamid MA, Pammer LM, Lentner TK, Doleschal B, Gruber R, Kocher F, et al.
Immunotherapy for Microsatellite-Stable Metastatic Colorectal Cancer: Can we close
the Gap between Potential and Practice? Curr Oncol Rep. (2024) 26:1258-70.
doi: 10.1007/s11912-024-01583-w

21. Morris VK, Kennedy EB, Baxter NN, Benson ABR, Cercek A, Cho M, et al.
Treatment of metastatic colorectal cancer: ASCO guideline. J Clin Oncol. (2023)
41:678-700. doi: 10.1200/JC0O.22.01690

22. Keam §J. Cadonilimab: first approval. Drugs. (2022) 82:1333-39. doi: 10.1007/
540265-022-01761-9

23. Park J, Chelakkot C, Nam ], Lee HS, Kim CR, Lee Y, et al. MET alterations in
cancer and MET-targeted therapy: detection strategies, treatment efficacy, and
emerging technologies. Target Oncol. (2025) 20:767-89. doi: 10.1007/s11523-025-
01166-0

24. Sterner RC, Sterner RM. CAR-T cell therapy: current limitations and potential
strategies. Blood Cancer J. (2021) 11:69. doi: 10.1038/s41408-021-00459-7

25. Baulu E, Gardet C, Chuvin N, Depil S. TCR-engineered T cell therapy in solid
tumors: State of the art and perspectives. Sci Adv. (2023) 9:eadf3700. doi: 10.1126/
sciadv.adf3700

26. Fu Z, Li S, Han S, Shi C, Zhang Y. Antibody drug conjugate: the “biological
missile” for targeted cancer therapy. Signal Transduct Target Ther. (2022) 7:93.
doi: 10.1038/s41392-022-00947-7

27. Ojemolon PE, Kalidindi S, Ahlborn TA, Aihie OP, Awoyomi MI. Cytokine
release syndrome following blinatumomab therapy. Cureus. (2022) 14:e21583.
doi: 10.7759/cureus.21583

28. Golubovskaya V, Sienkiewicz J, Sun J, Huang Y, Hu L, Zhou H, et al. mRNA-
lipid nanoparticle (LNP) delivery of humanized epCAM-CD3 bispecific antibody
significantly blocks colorectal cancer tumor growth. Cancers (Basel). (2023) 15.
doi: 10.3390/cancers15102860

29. Xu M, Wen Y, Liu Y, Tan X, Chen X, Zhu X, et al. Hollow mesoporous
ruthenium nanoparticles conjugated bispecific antibody for targeted anti-colorectal
cancer response of combination therapy. Nanoscale. (2019) 11:9661-78. doi: 10.1039/
c9nr01904a

30. Wang N, Patel H, Schneider IC, Kai X, Varshney AK, Zhou L. An optimal
antitumor response by a novel CEA/CD3 bispecific antibody for colorectal cancers.
Antib Ther. (2021) 4:90-100. doi: 10.1093/abt/tbab009

frontiersin.org


https://doi.org/10.1016/bs.acr.2021.02.007
https://doi.org/10.4240/wjgs.v15.i4.495
https://doi.org/10.3109/03602532.2011.638303
https://doi.org/10.1080/17425255.2022.2160316
https://doi.org/10.1080/17425255.2022.2160316
https://doi.org/10.3390/cancers17172804
https://doi.org/10.3390/cancers13143566
https://doi.org/10.3390/cancers13143566
https://doi.org/10.1158/1535-7163.MCT-21-0599
https://doi.org/10.1080/1744666X.2020.1783249
https://doi.org/10.1136/jitc-2020-001141
https://doi.org/10.1158/1078-0432.CCR-19-3275
https://doi.org/10.1158/1078-0432.CCR-19-3275
https://doi.org/10.3389/fphar.2022.803059
https://doi.org/10.1158/1535-7163.MCT-23-0614
https://doi.org/10.1080/2162402X.2022.2034355
https://doi.org/10.1080/2162402X.2022.2034355
https://doi.org/10.1007/s10637-023-01381-4
https://doi.org/10.1007/s10637-023-01381-4
https://doi.org/10.1080/19420862.2024.2441411
https://doi.org/10.1080/19420862.2024.2441411
https://doi.org/10.1136/jitc-2025-013001
https://doi.org/10.1186/s40164-024-00474-x
https://doi.org/10.1007/s11912-024-01583-w
https://doi.org/10.1200/JCO.22.01690
https://doi.org/10.1007/s40265-022-01761-9
https://doi.org/10.1007/s40265-022-01761-9
https://doi.org/10.1007/s11523-025-01166-0
https://doi.org/10.1007/s11523-025-01166-0
https://doi.org/10.1038/s41408-021-00459-7
https://doi.org/10.1126/sciadv.adf3700
https://doi.org/10.1126/sciadv.adf3700
https://doi.org/10.1038/s41392-022-00947-7
https://doi.org/10.7759/cureus.21583
https://doi.org/10.3390/cancers15102860
https://doi.org/10.1039/c9nr01904a
https://doi.org/10.1039/c9nr01904a
https://doi.org/10.1093/abt/tbab009
https://doi.org/10.3389/fonc.2026.1758251
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Clinical trials of bispecific antibody therapy for colorectal cancer: advanced and next steps
	1 Introduction
	2 Methods
	3 Results
	3.1 Trial phases and temporal characteristics
	3.2 Analysis of primary endpoints in clinical trials
	3.3 Trial status and sponsorship landscape
	3.4 Analysis of global distribution and international collaboration
	3.5 Landscape of bispecific antibody target combinations
	3.6 Comprehensive analysis of clinical efficacy data

	4 Discussion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


