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Colorectal cancer (CRC) is one of the most common malignancies worldwide. Advanced CRC has a poor prognosis, with treat-
ment primarily relying on chemotherapy combined with targeted therapies. Currently, immunotherapy based on immune check-
point inhibitors is reserved exclusively for mismatch repair-deficient (dMMR) or microsatellite instability-high (MSI-H) tumors,
which represent less than 10% of advanced CRC cases. Chimeric antigen receptor (CAR)-T cell therapy is a type of adoptive cell
therapy involving modified T-lymphocytes engineered to express chimeric antigen receptors, enabling them to recognize surface
antigens expressed by tumor cells. CAR-T cell therapy has demonstrated efficacy in treating hematological malignancies such
as lymphoma, myeloma, and leukemia. However, its efficacy in solid tumors remains limited due to several limitations such as
antigen heterogeneity, restricted CAR-T cell trafficking into the tumor area, and the presence of an immunosuppressive tumor
microenvironment. Developing novel CAR-T cell therapies for solid tumors represents an unmet need, particularly for cases
where immune checkpoint blockade is ineffective, such as CRC. Preclinical studies have shown the efficacy of various CAR-T
cell models targeting a wide range of tumor-associated antigens in CRC, both in vitro and in vivo. Despite these promising results,
the clinical efficacy of CAR-T cell therapy for CRC has been limited in early-phase clinical trials. Factors such as trial design
or tumor characteristics, including antigen heterogeneity and the immunosuppressive microenvironment, should be considered.
The development of innovative CAR-T cell models and the identification of novel antigens may improve the effectiveness of
CAR-T cell therapy for CRC patients.
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Introduction

Colorectal cancer (CRC) is one of the most common
solid neoplasms worldwide. In 2022, CRC ranked as the
third most incident malignant tumor and was the second
leading cause of cancer-related deaths [1]. When diagnosed
in its early stages, CRC is amenable to curative therapeutic
strategies and has a favorable prognosis, with 5-year sur-
vival rates ranging from 45 to 99%, depending on the stage
at diagnosis [2,3]. Conversely, patients with advanced CRC
are rarely candidates for curative therapies, resulting in a
poor prognosis with 5-year survival rates below 20%.

The treatment of advanced CRC primarily relies on
systemic therapies combining chemotherapy with targeted
therapies, such as antiangiogenics or anti-epidermal growth
factor receptor (EGFR) monoclonal antibodies, depending
on the primary tumor location and molecular biomarkers
[4,5]. While immunotherapy with checkpoint inhibitors
has demonstrated remarkable results and is widely used
for various solid tumors [6], its administration in advanced
CRC is exclusively reserved for mismatch repair-deficient

(dMMR) or microsatellite instability-high (MSI-H) tumors,
which represent less than 10% of all advanced CRC cases
[7–9].

Previous clinical trials investigating the role of check-
point blockade in refractory mismatch repair-proficient
(pMMR)/microsatellite stable (MSS) advanced CRC failed
to demonstrate an improvement in overall survival for this
population [10–12]. Recently, a combination of cyto-
toxic T-lymphocyte antigen 4 (CTLA4)/programmed cell
death protein 1 (PD1) blockade exhibited anti-tumor activ-
ity in pMMR/MSS advanced CRC; however, the presence
of liver metastases negatively impacted its efficacy [13].
Additionally, pMMR/MSS advanced CRC patients treated
with an anti-programmed death ligand 1 (PDL1) antibody
(atezolizumab) in combination with chemotherapy and an-
tiangiogenic therapy showed better outcomes when the Im-
munoscore Immune-Checkpoint status was high [14].

Given the limited efficacy of immune checkpoint
blockade for treating this population, improved patient se-
lection based on innovative biomarkers and the develop-
ment of novel alternatives, such as adoptive cell therapy,
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may help extend immunotherapy options to pMMR/MSS
advanced CRC patients.

Overview of CAR-T Cell Therapy

Chimeric antigen receptor (CAR)-T cell therapy is a
type of adoptive cell therapy based on engineered T cells
expressing a CAR construct that enables them to recog-
nize tumor-associated antigens (TAAs) and acquire anti-
tumor activity [15]. CARs are synthetic receptors com-
posed of four different domains: an antigen-binding do-
main, a spacer domain or hinge region, a transmembrane
domain, and an intracellular signaling domain (Fig. 1) [16].

The antigen-binding domain is typically derived from
the variable heavy and light chains of monoclonal antibod-
ies, forming a single-chain variable fragment (scFv). The
scFv allows for the recognition of surface antigens in a ma-
jor histocompatibility complex (MHC)-independent man-
ner [17]. In order to enhance CAR-T cell efficacy, novel
antigen-binding domains different from scFvs are emerg-
ing, such as nanobodies, natural ligands, designed ankyrin
repeat proteins (DARPins), and de novo-designed proteins
[18].

The complexity of the intracellular domain defines
the generation of the CAR (Fig. 2). First-generation
CARs harbor a single intracellular signaling domain, usu-
ally CD3ζ. Second-generation CARs include two intracel-
lular domains: a signaling domain and a costimulatory do-
main, such as CD28 or 4-1BB/CD137. The choice of the
costimulatory domain impacts CAR-T cell activation, ex-
pansion, and persistence. Third-generation CARs harbor an
additional costimulatory domain, typically combining both
CD28 and 4-1BB [16,19].

Moreover, new CAR constructs are being developed,
such as fourth-generation CARs, also known as armored
CAR-T cells or T-cells redirected for universal cytokine-
mediated killing (TRUCK-T). Fourth-generation CAR-T
cells are armed with cytokine signals to enhance anti-tumor
activity [20].

The overall process of CAR-T cell manufacturing en-
compasses the following stepwise phases: patient leuka-
pheresis, T cell activation and expansion, genetic modifi-
cation of T cells, and further expansion [21]. Ex vivo pro-
cessing conditions of T cells, such as culture media selec-
tion or cytokines involved in T-cell expansion, can impact
the functionality of CAR-T cells [22].

Different approaches can be employed for T cell engi-
neering; however, viral vectors (lentivirus or γ-retrovirus)
have been the most widely used for CAR transgene trans-
duction. Novel non-viral transfection methods, such as
membrane permeabilization-based or carrier-based meth-
ods, are being developed for CAR-T cell manufacturing.
The application of these novel transfection methods can
lead to cost-effective T-cell engineering of CAR-T cells
with a better safety profile [23].

CAR-T cell delivery methods include intravenous ad-
ministration and locoregional strategies, such as intratu-
moral, intrapleural, or intraperitoneal infusion [24]. Be-
fore CAR-T cell infusion, administration of lymphodeplet-
ing chemotherapy is advised. The aims of lymphodeplet-
ing chemotherapy are to reduce endogenous lymphocytes,
downsize the tumor, and reprogram the tumor microenvi-
ronment, therefore improving CAR-T cell engraftment, sur-
vival, and efficacy [25].

Challenges and Recent Advances of CAR-T
Cell Therapy for Solid Tumors

CAR-T cell therapy has achieved groundbreaking re-
sults in the treatment of hematological neoplasms such as
lymphoma, leukemia, and myeloma [26]. In contrast, the
efficacy of CAR-T cell therapy for the treatment of solid
tumors has been hindered bymultiple tumor-related factors.

For solid tumors, adequate target selection is particu-
larly challenging. CAR-T cell efficacy is affected by tu-
mor heterogeneity, as some tumor cells may not express
the target antigen, and by common on-target, off-tumor ef-
fects, which limit treatment intensity [27]. The immuno-
suppressive tumor microenvironment and limited CAR-T
cell penetration into the tumor also affect CAR-T therapy.
Novel CAR-T cell designs, such as armored CAR-T cells,
may improve CAR-T cell penetration and persistence and
help overcome immunosuppression driven by the tumormi-
croenvironment [28].

Despite these limitations, recent clinical trials have
shown promising results. Administration of CAR-T cells
targeting claudin18.2 (CLDN18.2) in patients diagnosed
with advanced gastrointestinal malignancies, mainly gas-
tric cancer, demonstrated high overall response (38.8%) and
disease control (91.8%) rates in a phase 1 trial [29]. Addi-
tionally, another phase I trial reported tumor regression and
clinical benefit following sequential intravenous and intrac-
erebroventricular administration of CAR-T cells targeting
disialoganglioside GD2 in patients with histone 3 lysine27-
to-methionine (H3K27M)-mutant diffuse midline glioma
[30].

These results highlight the therapeutic potential of
adoptive cell therapies for treating solid tumors. Further de-
velopment of novel CAR-T cell therapies against these ma-
lignancies is needed and offers an opportunity to expand the
use of immunotherapy for cases in which immune check-
point blockade is ineffective, such as pMMR/MSS CRC.
In this review, we provide a broad summary of recent ad-
vances in CAR-T cell therapy for CRC treatment in both
preclinical and clinical settings.

CAR-T Cell Therapy for CRC in the Preclinical
Setting

Several preclinical studies have developed novel
CAR-T cell therapies using different tumor antigens as tar-
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Fig. 1. Chimeric antigen receptor (CAR) structure. CARs are composed of four different domains. The antigen-binding domain
confers specificity to the CAR and typically is a single-chain variable fragment (scFv). The spacer domain connects the antigen-binding
domain to the transmembrane region. The intracellular signaling domain transduces the activating signal and may contain costimulatory
domains. Created in BioRender. Labiano, I. (2025), https://BioRender.com/h85w923.

Fig. 2. Evolution of CAR-T cell generations. First-generation CARs are composed of an antigen-binding domain, a spacer domain, a
transmembrane region, and an intracellular signaling domain. Second-generation CARs comprise two intracellular domains, the signaling
domain and a costimulatory domain (usually CD28 or 4-1BB). Third-generation CARs have three intracellular domains, as they incor-
porate an additional costimulatory domain. Fourth-generation CARs are engineered to induce cytokine secretion. Created in BioRender.
Labiano, I. (2025), https://BioRender.com/w27a681.

gets for CRC (Table 1, Ref. [31–59]). These studies mainly
generated second or third-generation CAR constructs and
scFvs were the most frequently used antigen-binding do-
main. The efficacy evaluation of the CAR-T cells generally
implied the use of in vitro cytotoxicity assays and evalua-
tion of tumor growth and/or survival in in vivo models.

Carcinoembryonic Antigen (CEA)
CEA is a membrane-bound glycoprotein strongly pos-

itive in CRC and differentially expressed compared to
healthy tissue [60,61]. Thus, it has been considered an
adequate target antigen for CAR-T cell therapy. Second-
generation CEA-CAR-T cells designed by Chi et al. [31]

https://www.discovmed.com/
https://BioRender.com/h85w923
https://BioRender.com/w27a681


621

Table 1. Overview of preclinical studies evaluating CAR-T cell therapy in CRC.

Target
CAR

Publication Antigen-binding domain Efficacy experiments in CRC
Generation

CEA

2nd Chi, 2019 [31] scFv In vitro, CDX
2nd Hombach, 2020 [32] scFv In vitro, CDX
2nd Chai, 2022 [33] scFv In vitro, CDX
2nd Qian, 2024 [34] scFv In vitro, CDX
3rd Zhang, 2023 [35] scFv In vitro, CDX

EpCAM

2nd Zhou, 2019 [36] scFv In vitro
2nd Li, 2023 [37] Nanobody In vitro, CDX
3rd Ang, 2017 [38] scFv CDX
3rd Zhang, 2019 [39] scFv In vitro, CDX
3rd Zeng, 2024 [40] scFv In vitro, CDX

HER2
2nd Teng, 2019 [41] scFv In vitro, PDX
2nd Xu, 2021 [42] scFv In vitro, CDX, PDX

NKG2DL

1st Jiang, 2023 [43] NKG2D ED, In vitro, CDX
Dual (1st/2nd) NKG2D ED/PD1 ED,

NKG2D ED/antiPDL1 scFv
3rd Deng, 2019 [44] NKG2D ED In vitro, CDX

1st, 2nd, 3rd Li, 2020 [45] NKG2D ED In vitro, CDX

MSLN
2nd Zhou, 2024 [46] scFv In vitro, CDX, PDX
3rd Zhang, 2021 [47] scFv In vitro, CDX, PDX

GUCY2C
3rd Magee, 2016 [48] scFv In vitro, CDX
3rd Magee, 2018 [49] scFv In vitro, CDX

CD166 2nd He, 2023 [50] CD6 ED In vitro

CD318 3rd Li, 2023 [51] scFv In vitro, CDX

PLAP 2nd Li, 2020 [52] scFv In vitro, CDX

ROR1 3rd Meng, 2023 [53] scFv In vitro, CDX

DCLK1 2nd Sureban, 2019 [54] scFv In vitro, CDX

Hsp70 2nd Bashiri Dezfouli, 2022 [55] scFv In vitro

Gb3 2nd Meléndez, 2022 [56] Gb3-binding lectin In vitro

CDH17 2nd, 3rd Feng, 2022 [57] Nanobody Murine pCRC model

nfP2X7 2nd Bandara, 2023 [58] scFv In vitro

CD133 2nd Kieliszek, 2024 [59] scFv In vitro, PDX
CRC, colorectal cancer; CEA, carcinoembryonic antigen; EpCAM, Epithelial Cell Adhesion Molecule; HER2, Human Epider-
mal Growth Factor Receptor 2; NKG2DL, Natural Killer Group 2, member D ligands; PD1, programmed cell death protein 1;
PDL1, programmed death ligand 1; MSLN, mesothelin; GUCY2C, Guanylate Cyclase C; PLAP, Placental Alkaline Phosphatase;
ROR1, Receptor tyrosine kinase-like orphan receptor 1; DCLK1, Doublecortin-like kinase 1; Hsp70, Heat shock protein 70; Gb3,
globotriaosylceramide; CDH17, cadherin-17; nfP2X7, non-functional version of P2X purinoceptor 7; scFv, single-chain variable
fragment; ED, extracellular domain; CDX, cell line-derived xenograft; PDX, patient-derived xenograft; pCRC, primary colorectal
cancer.

induced in vitro cytotoxicity when cocultured with CRC
cells. The addition of Interleukin 12 (IL12) led to higher
CAR-T cell proliferation and enhanced cytotoxicity in vitro.
Consequently, intravenous administration of CEA-CAR-T
cells and IL12 in CRCmouse xenografts produced stronger
anti-tumor activity than CEA-CAR-T cells alone [31].

Hombach et al. [32] engineered mesenchymal stem
cells (MSCs) to release Interleukin 7 (IL7) and IL12.
Second-generation CAR-T cells displayed increased killing
activity when incubated with CEA+ CRC cells in the pres-

ence of IL7/12-MSCs. Co-injection of CEA+ CRC cells
and CEA-CAR-T cells suppressed tumor growth in mice
and led to a survival advantage compared to controls. Co-
injection with IL7/12-MSCs proved superior to CAR-T cell
injection alone [32].

Chai et al. [33] developed second-generation CEA-
CAR-T cells and explored various deliverymethods in CRC
liver metastasis murine models. Regional delivery via por-
tal vein increased CAR-T penetration into the tumor com-
pared to systemic delivery. Additionally, regional delivery
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of CAR-T cells resulted in tumor regression, whereas sys-
temic delivery led to tumor progression [33].

Similarly, second-generation CEA-CAR-T cells de-
veloped by Qian et al. [34] demonstrated efficacy when
delivered regionally. Intraperitoneal administration was
more effective than systemic administration, exerting anti-
tumor activity in CRC xenograft models of peritoneal car-
cinomatosis and extraperitoneal disease [34]. Furthermore,
third-generation CEA-CAR-T cells developed by Zhang et
al. [35] were capable of suppressing tumors when admin-
istered intravenously in CRC xenograft models.

Epithelial Cell Adhesion Molecule (EpCAM)

EpCAM is a transmembrane glycoprotein found on
the basolateral surface of normal epithelia and is highly ex-
pressed in the majority of gastrointestinal tumors, including
CRC [62,63]. CAR-T cells targeting EpCAM have shown
efficacy against CRC in several preclinical studies.

Zhou et al. [36] developed second-generation
EpCAM-CAR-T cells. In vitro experiments with different
CRC cancer cell lines showed a cytotoxic effect that was
dependent on the effector-to-target ratio and the levels of
EpCAM surface expression. Li et al. [37] designed second-
generation CARs targeting EpCAM comprising nanobod-
ies as the antigen-binding domain and different costim-
ulatory domains (CD28, 4-1BB, or dectin-1). Dectin-1-
costimulated EpCAM-CAR-T cells displayed similar ef-
ficacy to 4-1BB- or CD28-costimulated cells but showed
lower exhaustion-associated gene transcription. Admin-
istration of dectin-1-costimulated EpCAM-CAR-T cells
successfully eradicated CRC in cell line-derived mouse
xenografts. Both intravenous and intraperitoneal adminis-
tration were effective; however, peritoneal infusion resulted
in faster tumor eradication. Regrettably, tumors relapsed in
both groups by the end of the experiment [37].

Further studies evaluated the efficacy of third-
generation EpCAM-CAR-T cells. Ang et al. [38] gener-
ated third-generation EpCAM-CAR-T cells using lentivi-
ral transduction and mRNA electroporation. Repeated
intraperitoneal administration of electroporation-generated
EpCAM-CAR-T cells in CRC models led to a modest sur-
vival advantage and mice eventually died of tumor progres-
sion. Both lentivirally transduced and mRNA electropo-
rated CAR-T cells showed better efficacy in ovarian cancer
cell line-derived murine carcinomatosis models [38].

Additionally, third-generation EpCAM CAR-T cells
developed by Zhang et al. [39] elicited in vitro cytotox-
icity against EpCAM-expressing cells and delayed tumor
growth after subcutaneous co-inoculation with CRC cells
in mice. Intravenous administration of third-generation
EpCAM-CAR-T cells, as developed by Zeng et al. [40],
resulted in tumor volume reduction and improved survival
in CRC cell line-derived xenografts.

Human Epidermal Growth Factor Receptor 2
(HER2; ERBB2)

HER2 is a receptor tyrosine kinase implicated in cell
growth, survival, and differentiation. Dysregulation of its
signaling contributes to various malignancies, including
breast and gastric cancer [64]. Anti-HER2 therapy has been
shown to be effective in treating HER2-positive breast and
gastric cancer, and HER2-mutant lung cancer [65–68]. Al-
though HER2-positive tumors account for less than 5% of
all CRC cases [69], this small subset of CRC seems to ben-
efit from HER2-targeted treatments.

Teng et al. [41] established a patient-derived
xenograft (PDX) from HER2-positive colon carcinoma. In
their study, second-generation HER2-specific CAR-T cells
were able to infiltrate into the xenograft and suppress tu-
mor growth. Complete tumor elimination was achieved in
mice treated with HER2-CAR-T cells, and no new tumors
developed after additional viable tumor injections [41].

Similarly, Xu et al. [42] developed second-generation
HER2-CAR-T cells that induced in vitro cytotoxic activ-
ity against HER2-expressing CRC cells. Administration
of these cells suppressed tumor growth in cell line-derived
xenografts, and complete tumor elimination was achieved
in somemice. In PDXmodels, HER2-CAR-T cells reduced
tumor size only when HER2 expression was high, suggest-
ing selective killing activity [42].

Natural Killer Group 2, Member D Ligands
(NKG2DL)

NKG2DL refers to a family of stress-induced
molecules that are expressed at low levels in healthy tissue
but are frequently found in various tumor types. NKG2D
is expressed in natural killer cells and other immune cells,
and its ligation to NKG2DL mediates lytic synapse forma-
tion and degranulation [70]. Several studies have designed
CAR-T cell therapies targeting NKG2DL for the treatment
of CRC.

Jiang et al. [43] analyzed the co-expression of
NKG2DL and PD1 in ovarian cancer specimens, observing
co-expression in 45% of cases, as well as in ovarian and
CRC cell lines. Consequently, they developed two differ-
ent dual CAR-T cell models expressing a first-generation
NKG2D-CAR and a second-generation CAR comprising a
PDL1 targeting domain, either PD1 ectodomain or PDL1-
specific scFv respectively. First-generation NKG2D-CAR-
T cells were also generated. Both NKG2D-CAR-T and
NKG2D/PDL1 dual CAR-T cells showed cytotoxic ac-
tivity; however, dual CAR-T cells harboring the PDL1-
specific scFv-CAR demonstrated superior activity and ex-
pansion. Intraperitoneal administration of dual CAR-T
cells in CRC peritoneal carcinomatosis models resulted in
complete tumor elimination, although some tumors even-
tually relapsed. Despite this, dual CAR-T administration
significantly improved mice survival [43].
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Deng et al. [44] designed a third-generation CAR
targeting NKG2DL. These NKG2D-CAR-T cells exhibited
in vitro cytotoxicity against CRC cell lines in an effector-
to-target-dependent manner, and effectively reduced tumor
growth while prolonging survival in mouse xenografts [44].

Li et al. [45] constructed first-, second-, and third-
generation NKG2D-CAR-T cells using mRNA electropo-
ration. All NKG2D-CAR-T cells demonstrated in vitro
cytotoxicity against CRC cell lines, with the second-
generation CAR-T cells incorporating CD28 as a costim-
ulatory molecule showing enhanced activity. However, the
first-generation CAR-T cells exhibited marginally superior
efficacy. Intraperitoneal administration of first-generation
NKG2D-CAR-T cells significantly reduced tumor number
and weight in CRC peritoneal carcinomatosis mouse mod-
els [45].

Mesothelin (MSLN)
MSLN is a membrane protein with limited expression

in healthy tissues but is frequently expressed in ovarian
and pancreatic cancers. MSLN expression can be found
at lower levels in CRC [71–73]. Zhou et al. [46] exam-
ined the effects of second-generation MSLN-CAR-T cells
in orthotopic CRC liver metastasis models. Both caudal
vein and portal vein injections of CAR-T cells reduced tu-
mor volume; however, portal vein injection was more ef-
fective. Administration of CAR-T cells via portal vein in-
creased T cell infiltration into the tumor. Intratumoral ad-
ministration of MSLN-CAR-T cells in a PDX model led to
increased tumor T cell infiltration and elevated expression
of PD1, Lymphocyte activation gene-3 (LAG3), and T-cell
immunoglobulin and mucin domain 3 (TIM3) compared to
caudal vein administration [46].

Zhang et al. [47] developed third-generation MSLN-
CAR-T cells, which displayed in vitro cytotoxicity against
various MSLN-positive cancer cell lines. Injection of
MSLN-CAR-T cells into cell line-derived xenografts re-
sulted in complete tumor elimination in ovarian cancer
models and tumor growth reduction in CRC models. Sim-
ilarly, anti-tumor effects of MSLN-CAR-T cells were ob-
served in CRC PDX models and were found to be indepen-
dent of tumor burden [47].

Guanylate Cyclase C (GUCY2C)
GUCY2C is a transmembrane receptor found almost

exclusively in healthy intestinal epithelium and is widely
expressed by CRC [74]. Magee et al. [48] proved that
third-generation CAR-T cells could recognize and lyse
CRC cells expressing murine GUCY2C. Administration
of GUCY2C-CAR-T cells in CRC lung metastasis mouse
models reduced the number of lung metastases, decreased
morbidity, and prolonged survival. Intestinal toxicity was
not observed in this experiment [48]. Subsequently, they
generated third-generation CAR-T cells targeting human
GUCY2C. Intravenous administration of GUCY2C-CAR-

T cells in GUCY2C-expressing CRC mouse xenografts
eliminated lung metastases, prolonged survival, and pre-
vented new tumor formation after further inoculation of
GUCY2C-expressing CRC cells [49].

CD166 & CD318
CD166 and CD318 are ligands for CD6, a member of

the scavenger receptor cysteine-rich superfamily primarily
expressed in lymphocytes. Overexpression of CD166 and
CD318 has been observed in various malignancies [75]. He
et al. [50] assessed CD166 expression in multiple CRC
cell lines, finding high levels in all of them. In their study,
they designed a CAR comprising an extracellular domain of
CD6 as the antigen recognition domain, instead of a scFv.
Subsequently, second-generation CD6-CAR-T cells were
generated using lentiviral vectors. CD6-CAR-T cells tar-
geted CD166-positive CRC cells and exhibited in vitro anti-
tumor activity. Interestingly, the CD6-CAR-T cells anti-
tumor activity was independent of CD318 expression [50].

Li et al. [51] identified CD318 expression in CRC
tissue and cell lines. To target CD318, they developed a
third-generation CAR that harbored a CD318-specific scFv.
Co-culture of CD318 CAR-T cells with CD318-positive
cells elicited cytotoxic activity. Intratumoral injection of
CD318-CAR-T cells also demonstrated anti-tumor activity
in CRC cell line-derived mouse xenografts [51].

Placental Alkaline Phosphatase (PLAP)
PLAP expression in adult healthy tissues is mainly

restricted to the placenta. PLAP positivity has been ob-
served across various tumor types, especially in germ-cell
tumors. A small percentage of CRC cases exhibit PLAP
expression, which is typically weak [76]. Li et al. [52]
examined PLAP mRNA expression levels across various
cell lines, finding high levels in gastrointestinal cancers, in-
cluding CRC. Positive PLAP expression was detected by
immunohistochemistry staining in 23.6% of all CRC sam-
ples tested. Consequently, second-generation PLAP-CAR-
T cells were manufactured. PLAP-CAR-T cells selectively
killed PLAP-positive CRC cells without affecting PLAP-
negative cells. Administration of PLAP-CAR-T cells in
CRC xenograft models reduced tumor growth and did not
cause significant toxicity. Combining PLAP-CAR-T cells
with checkpoint inhibitors enhanced CAR-T cell efficacy
in vitro [52].

Receptor Tyrosine Kinase-Like Orphan Receptor 1
(ROR1)

ROR1 is a receptor expressed during embryonic de-
velopment, in some adult healthy tissues such as the gas-
trointestinal tract, and in human epithelial cancers [77].
Meng et al. [53] analyzed RNA expression data from
public databases and found high expression of ROR1
in CRC, cholangiocarcinoma, clear cell renal carcinoma,
and prostate cancer. ROR1 expression was also con-
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firmed by flow cytometry in CRC cell lines. Third-
generation ROR1-CAR-T cells demonstrated anti-tumor
activity against CRC cells in vitro and reduced tumor vol-
ume in mouse xenografts [53].

Doublecortin-Like Kinase 1 (DCLK1)
DCLK1 is a CRC stem cell marker, and its expression

is associated with a worse prognosis [78]. Sureban et al.
[54] designed second-generation DCLK1-CAR-T cells that
could successfully kill CRC cells at high effector-to-target
ratios. Intravenous administration of DCLK1-CAR-T cells
in xenograft models decreased tumor volume without rele-
vant toxicities [54].

Heat Shock Protein 70 (Hsp70) and
Globotriaosylceramide (Gb3)

In contrast to healthy tissue, malignant tumors can
present Hsp70, a stress-inducible member of the HSP70
family, on their cell surface. The glycosphingolipid Gb3
is a partner of Hsp70 and enables its presence on the cell
surface [79]. Bashiri Dezfouli et al. [55] targeted Hsp70
with second-generation CAR-T cells. Hsp70-CAR-T cells
displayed cytolytic activity when cultured with CRC cells
expressing Hsp70. This cytolytic activity was compara-
ble to that of stimulated NK cells, which are known to
effectively kill Hsp70-expressing cells. In vivo experi-
ments were not conducted in this study [55]. Meléndez
et al. [56] designed a CAR targeting Gb3. They used
lectins, which are glycan-binding proteins, as the antigen-
binding domain of the CAR. Lectin-based CARs were ex-
pressed by T lymphocytes following lentiviral transfection.
Lectin-based CAR-T cells elicited potent anti-tumor activ-
ity against Gb3-expressing CRC cell lines [56].

Other Targets
Other studies evaluated the efficacy of CAR-T cells

targeting additional antigens in various neoplasms, includ-
ing CRC. Feng et al. [57] designed a CAR targeting
cadherin-17 (CDH17), which utilized a nanobody as the
antigen-binding domain instead of a scFv. Third-generation
CDH17-CAR-T cells potently killed CDH17-positive cells
when cocultured and eliminated neuroendocrine tumors in
cell line-derived mouse xenografts. Additionally, CDH17-
CAR-T cells were able to kill CDH17-positive gastric and
pancreatic cancer cells in both in vitro and in vivo exper-
iments. Furthermore, CAR-T cells targeting CDH17 re-
duced tumor volume in a primary murine CRC model [57].
Bandara et al. [58] designed CAR-T cells targeting a non-
functional version of P2X purinoceptor 7 (nfP2X7), which
is overexpressed in solid tumors. Third-generation nfP2X7-
CAR-T cells showed in vitro cytotoxicity against various
solid tumor cell lines, including CRC. Anti-tumor activity
was also observed in breast and prostate cancer xenograft
models. However, CRC xenograft models were not tested
[58]. Kieliszek et al. [59] designed CAR-T cells target-

ing CD133, a stem cell marker, for the treatment of brain
metastases. Brain metastasis cell lines were derived from
patient samples. CD133-CAR-T cells exhibited in vitro cy-
totoxicity against CD133-positive CRC, breast, and lung
cancer cells in a dose-dependent manner. Intratumoral de-
livery of CD133-CAR-T cells reduced tumor volume and
increased survival in CRC and lung cancer brain metastasis
PDXs [59].

CAR-T Cell Therapy for CRC in the Clinical
Setting

Despite the efficacy of CAR-T cell therapy for the
treatment of CRC in a preclinical setting, showing accept-
able outcomes in both in vitro and in vivomodels, its imple-
mentation in clinical practice remains distant. To date, few
clinical trials have reported results regarding the efficacy of
CAR-T cell therapy for CRC (Table 2, Ref. [29,37,80–86]).
The available data came from early-phase clinical trials, and
only a minority exclusively focus on CRC patients. Most
trials enrolled cancer patients based on tumor expression of
the target antigen, resulting in a low proportion of CRC pa-
tients.

Carcinoembryonic Antigen (CEA)
First-generation CEA-CAR-T cells were administered

in a dose-escalation, phase I trial conducted by Thistleth-
waite et al. [80]. Fourteen patients diagnosed with ad-
vanced CEA+ malignancies, including six with CRC, re-
ceived CEA-CAR-T cells and Interleukin 2 (IL2) infu-
sion after pre-conditioning chemotherapy. No objective re-
sponses were reported; nevertheless, disease stabilization
was observed in seven patients, including four with CRC.
Patients who received the highest doses of CAR-T cells
and increased-intensity pre-conditioning chemotherapy ex-
perienced acute respiratory toxicity, which led to premature
trial closure [80].

Zhang et al. [81] conducted a phase I trial with
second-generation CEA-CAR-T cells. Ten patients with
CEA-positive CRC were enrolled and treated with CEA-
CAR-T cells at different dose levels following lymphode-
pletion. Two out of ten patients experienced grade 2 fever
after CAR-T administration. Hematological toxicity was
attributed to lymphodepletion, and one case of duodenum
perforation was reported. In terms of efficacy, seven out of
ten patients experienced disease stabilization, with durable
stabilization (>30 weeks) observed in two patients. Objec-
tive responses were not reported [81].

Katz et al. [82] carried out a phase I trial to assess
the efficacy of hepatic artery infusion of second-generation
CEA-CAR-T cells for treating CEA-positive liver metas-
tases. Patients with unresectable CEA-positive liver metas-
tases who had progressed after one or more lines of ther-
apy were included, with minimal extrahepatic disease per-
mitted. Patients received increasing doses of CEA-CAR-T
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Table 2. Overview of CAR-T cell therapy published clinical trials including CRC.

Target Phase
Registration Tumor CRC patients/

patients treated
Treatment

Best response
in CRCNumber Types

CEA Phase I NCT01212887 [80] CEA+ tumors 6/14 PCh + 1st gen
CEA-CAR-T cells (IV) +

IL2

SD

CEA Phase I NCT02349724 [81] CEA+ CRC 10/10 PCh + 2nd gen
CEA-CAR-T cells (IV)

SD

CEA Phase I NCT01373047 [82] Unresectable
CEA+ LM

5/6 2nd gen CEA-CAR-T
cells (HAI) ± IL2

SD

CEA Phase Ib NCT02416466 [83] Unresectable
CEA+ LM

4/6 2nd gen CEA-CAR-T
cells (HAI) + IL2+ SIRT

SD

CD133 Phase I NCT02541370 [84] CD133+ tumors 2/23 PCh (non HCC) + 2nd gen
CD133-CAR-T cells (IV)

SD

EpCAM Phase I NCT02915445 [37] EpCAM+
tumors

4/12 PCh + 2nd gen
EpCAM-CAR-T cells (IV,

IP)

SD

GD2 Phase I ACTRN GD2+ tumors 4/12 3rd gen GD2-CAR-T cells
(IV) ± BRAF/MEKi

PD
12613000198729 [85]

GUCY2C Phase I ChiCTR2000040645 [86] GUCY2C+
CRC

15/15 PCh + GCC19-CAR-T
cells

PR/mCR

CLDN18.2 Phase I NCT03874897 [29] CLDN18.2+ GI
cancer

8*/98 PCh + CLDN18.2-CAR-T
cells (IV) ± antiPD1

therapy

Not specified

CEA, carcinoembryonic antigen; EpCAM, Epithelial Cell Adhesion Molecule; GD2, disialoganglioside GD2; GUCY2C, Guanylate Cyclase
C; CLDN18.2, claudin18.2; CRC, colorectal cancer; LM, liver metastases; GI, gastrointestinal; PCh, pre-conditioning chemotherapy; IV,
intravenous; HAI, hepatic artery infusion; SIRT, selective internal radiotherapy; IP, intraperitoneal; SD, stable disease; PR, partial response;
PD, progressive disease; mCR, metabolic complete response; * reported as intestinal cancer.

cells (cohort 1) or CEA-CAR-T cells combined with sys-
temic infusion of IL2 (cohort 2). Eight heavily pretreated
patients were enrolled, and six completed the treatment pro-
tocol, of whom five had been diagnosed with CRC. Four
out of five patients who underwent radiological assessment
showed progression at the first evaluation. Grade 4–5 ad-
verse events were not reported. Fever was frequent (4/6),
and all patients experienced transient elevations in phos-
phatase alkaline, bilirubin, and aspartate aminotransferase,
with grade 3 elevations in one case [82]. Subsequently,
Katz et al. [83] conducted a phase Ib trial combining hep-
atic artery infusion of second-generation CEA-CAR-T cells
and selective internal radiation therapy (SIRT). The treat-
ment protocol consisted of three hepatic artery infusions
of CEA-CAR-T cells and continuous systemic IL2 infusion
followed by SIRT. Six patients completed the planned treat-
ment, including four with CRC. After CEA-CAR-T cell ad-
ministration, five out of six patients showed progression at
the first CT/MRI evaluation, while liver disease stabiliza-
tion was achieved in two cases. The safety profile was sim-
ilar to that reported in the previous trial [83].

CD133

Second-generation CD133-CAR-T cells were inves-
tigated in a phase I trial conducted by Wang et al. [84].

Twenty-three patients diagnosed with CD133-positive hep-
atocellular carcinoma (HCC) or solid malignant tumors
that had progressed after two previous lines were en-
rolled, including two patients with CRC. In non-HCC pa-
tients, CD133-CAR-T cell infusion was preceded by a
lymphodepleting regime. Disease control for ≥3 months
was achieved in 65% of the patients. Both enrolled CRC
patients experienced disease stabilization. Regarding the
safety profile, hematological toxicity and hyperbilirubine-
mia were the most frequent adverse events [84].

Epithelial Cell Adhesion Molecule (EpCAM)
Li et al. [37] developed a dectin-1-costimulated

EpCAM-CAR-T cell and conducted a phase I trial. Twelve
patients with EpCAM-positive tumors were treated, includ-
ing four with gastric cancer and four with CRC. EpCAM-
CAR-T cells were administered intravenously, while pa-
tients with gastric cancer and peritoneal spread received
intraperitoneal administration. A partial response was
achieved in two patients, and disease stabilization was ob-
served in five. Fever and hematological toxicity were the
most frequent adverse events. Cytokine release syndrome
was not reported, nor was grade ≥3 EpCAM targeting-
related toxicity [37].
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Disialoganglioside GD2
Gargett et al. [85] conducted a phase I trial of GD2-

CAR-T cells for the treatment of GD2-positive metastatic
melanoma and other solid tumors. Fourteen patients were
enrolled, including four with advanced GD2-positive CRC.
Third-generation GD2-CAR-T cells were administered in-
travenously at three different dose levels. All four CRC pa-
tients experienced disease progression, and three of them
died within three months of CAR-T cell administration.
The most common adverse events were rash, fever, and di-
arrhea. No grade≥3 adverse events or dose-limiting toxic-
ity were reported [85].

Guanylate Cyclase C (GUCY2C)
Chen et al. [86] evaluated the safety and efficacy of

CAR-T cells targeting GUCY2C in a phase I trial. GCC19-
CAR-T cells were generated by simultaneously transducing
T cells with lentiviral vectors encoding one GUCY2C-CAR
and three different CD19-CARs. Fifteen CRC patients re-
ceived GCC19-CAR-T cell infusions following lymphode-
pleting chemotherapy. The overall response rate, as as-
sessed by CT, was 40%, and one case of metabolic com-
plete response was observed. Eight patients (53%) experi-
enced grade 3 diarrhea. Diarrhea of any grade and cytokine
release syndrome were common, affecting 93% of the pa-
tients [86].

Claudin18.2 (CLDN18.2)
A phase I trial conducted by Qi et al. [29] eval-

uated the role of CLDN18.2-CAR-T cells in the treat-
ment of CLDN18.2-positive gastrointestinal malignancies.
This trial enrolled 98 patients, of whom 73 (74.5%) had
gastric/gastroesophageal junction cancer, and eight had
been diagnosed with intestinal cancer. Patients received
CLDN18.2-CAR-T cells alone or in combination with PD1
blockade (cohort 2; n = 15). The disease control rate among
intestinal cancer patients was 87.5%, with only one pa-
tient (diagnosed with duodenal adenocarcinoma) achieving
a partial response [29].

Ongoing Clinical Trials
CAR-T cell therapy for the treatment of CRC is still

under evaluation in various active clinical trials. CEA-
CAR-T cells for the treatment of advanced CEA-positive
malignancies, including CRC, are being investigated in
several phase I trials (NCT05415475, NCT05396300, and
NCT06043466). The administration of CEA-CAR-T cells
following CRC primary and liver metastases surgery is be-
ing studied in another early-phase trial (NCT05240950).
Additional antigens such as CDH17 (NCT06055439), Ep-
CAM (NCT05028933), guanylate cyclase (NCT06653010,
NCT06675513, NCT05319314), LGR5 (NCT05759728)
or NKG2DL (NCT03692429, NCT04991948) are being
targeted in early-phase trials for the treatment of gastroin-
testinal malignancies and CRC.

Conclusion

A growing interest in developing CAR-T cell ther-
apy for the treatment of CRC has emerged over the last
decade. A wide variety of tumor antigens have been ex-
plored as potential targets for CAR-T cells, including well-
known molecules overexpressed in CRC, such as CEA or
EpCAM, as well as novel targets like NKG2DL. Compar-
ing the effectiveness of targeting different antigens remains
challenging, as preclinical studies have primarily focused
on single targets, with nearly all showing anti-tumor activ-
ity. Moreover, these studies seldom develop different gen-
erations of CAR-T cell models. Regional delivery of CAR-
T cells demonstrated better results in animal models with
controlled disease location. However, these delivery meth-
ods could be limited in patients with disease spread patterns
involving multiple organs.

Some of the targets evaluated in preclinical research
have also been assessed in clinical trials. Despite promis-
ing results in the preclinical setting, most early-phase clini-
cal trials with CAR-T cell therapies focusing on CRC have
shown limited or nonexistent efficacy. The lack of objec-
tive responses in themajority of these trials does not support
their development in later phases. The trial design, includ-
ing enrollment criteria, heterogeneity of the patients, and
CAR-T cell delivery methods, may have influenced these
outcomes. Additionally, the inherent challenges of CAR-T
cell therapy for solid tumors - such as antigen heterogene-
ity, CAR-T cell trafficking into the tumor, and the immuno-
suppressive tumor microenvironment - likely contributed to
these discouraging results, particularly as most trials used
second-generation CAR-T cells. These obstacles could be
addressed through improved trial design, the exploration of
novel target antigens, and the generation of armored CAR-
T cells capable of better tumor penetration and resistance to
the immunosuppressive milieu. The development of these
innovative CAR-T cell products may enhance the efficacy
of CAR-T cell therapies for CRC and facilitate their incor-
poration into future clinical practice.

Availability of Data and Materials

Not applicable.

Author Contributions

AL, MA, NR and RV conceived the review. AL, HA
and IC performed the literature search and drafted the orig-
inal manuscript. AL, HA, IC, AEH, NC and IL were in-
volved in data curation and visualization. AL, HA, IC,
AEH, NC, IL, MA, NR and RV critically revised the fi-
nal draft. All authors have read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

https://www.discovmed.com/


627

Ethics Approval and Consent to Participate

Not applicable.

Acknowledgment

Not applicable.

Funding

This work was supported by the “Clínico Junior en
el Territorio AECC 2023” (CLJUN234885LECU) grant of
the Spanish Association against Cancer (Asociación Es-
pañola Contra el Cáncer) given to AL. IL is financed by
the Spanish Association against Cancer (Asociación Es-
pañola Contra el Cáncer) in the PostDoctoral program
(POSTD245952LABI). MA was partially financed by the
Government of Navarra in the La Caixa Program.

Conflict of Interest

AL has received speaker honoraria from Pierre Fabre
and support for attending meetings and/or travel from Phar-
maMar, Lilly, Merck, Seagen, Novartis and MSD. HA has
been involved as a consultant for advisory roles from As-
tra Zeneca, received speaker honoraria from Takeda and
for trial coordination from Ferrer Farma. NC has received
speaker honoraria from Pierre Fabre and Roche and sup-
port for attending meetings and/or travel from BMS, Lilly,
Merck, MSD, Pfizer and Roche. MA has been involved as
a consultant for advisory roles with Amgen, AstraZeneca,
BeiGene, Dragonfly Therapeutics, Jazz Pharmaceuticals,
BMS, Novartis and MSD and received speaker honoraria
fromBeigene, Jazz Pharmaceuticals andMSD. RVhas been
involved as a consultant for advisory roles with Servier,
Roche andMerck Sharp and has received speaker honoraria
from Roche, Amgen, MSD and Astra Zeneca. IC, AEH, IL
and NR declare no conflict of interest.

References

[1] Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjo-
mataram I, et al. Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA: a Cancer Journal for Clinicians. 2024; 74:
229–263.

[2] Argilés G, Tabernero J, Labianca R, Hochhauser D, Salazar R,
Iveson T, et al. Localised colon cancer: ESMO Clinical Prac-
tice Guidelines for diagnosis, treatment and follow-up. Annals
of Oncology: Official Journal of the European Society for Med-
ical Oncology. 2020; 31: 1291–1305.

[3] Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rödel C, Cer-
vantes A, et al. Rectal cancer: ESMO Clinical Practice Guide-
lines for diagnosis, treatment and follow-up. Annals of Oncol-
ogy: Official Journal of the European Society for Medical On-
cology. 2017; 28: iv22–iv40.

[4] Cervantes A, Adam R, Roselló S, Arnold D, Normanno N, Taïeb
J, et al. Metastatic colorectal cancer: ESMO Clinical Practice
Guideline for diagnosis, treatment and follow-up. Annals of On-

cology: Official Journal of the European Society for Medical
Oncology. 2023; 34: 10–32.

[5] Biller LH, SchragD.Diagnosis and Treatment ofMetastatic Col-
orectal Cancer: A Review. JAMA. 2021; 325: 669–685.

[6] Robert C. A decade of immune-checkpoint inhibitors in cancer
therapy. Nature Communications. 2020; 11: 3801.

[7] Diaz LA, Jr, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt
C, et al. Pembrolizumab versus chemotherapy for microsatel-
lite instability-high or mismatch repair-deficient metastatic col-
orectal cancer (KEYNOTE-177): final analysis of a randomised,
open-label, phase 3 study. The Lancet. Oncology. 2022; 23:
659–670.

[8] Lenz HJ, Van Cutsem E, Luisa LimonM,Wong KYM, Hendlisz
A, Aglietta M, et al. First-Line Nivolumab Plus Low-Dose Ip-
ilimumab for Microsatellite Instability-High/Mismatch Repair-
Deficient Metastatic Colorectal Cancer: The Phase II Check-
Mate 142 Study. Journal of Clinical Oncology: Official Journal
of the American Society of Clinical Oncology. 2022; 40: 161–
170.

[9] Andre T, Elez E, Van Cutsem E, Jensen LH, Bennouna J,
Mendez G, et al. Nivolumab plus Ipilimumab in Microsatellite-
Instability-High Metastatic Colorectal Cancer. The New Eng-
land Journal of Medicine. 2024; 391: 2014–2026.

[10] Eng C, Kim TW, Bendell J, Argilés G, Tebbutt NC, Di Bar-
tolomeoM, et al. Atezolizumabwith or without cobimetinib ver-
sus regorafenib in previously treatedmetastatic colorectal cancer
(IMblaze370): a multicentre, open-label, phase 3, randomised,
controlled trial. The Lancet. Oncology. 2019; 20: 849–861.

[11] Chen EX, Jonker DJ, Loree JM, Kennecke HF, Berry SR, Cou-
ture F, et al. Effect of Combined Immune Checkpoint Inhibi-
tion vs Best Supportive Care Alone in Patients with Advanced
Colorectal Cancer: The Canadian Cancer Trials Group CO.26
Study. JAMA Oncology. 2020; 6: 831–838.

[12] Kawazoe A, Xu RH, García-Alfonso P, Passhak M, Teng HW,
Shergill A, et al. Lenvatinib Plus Pembrolizumab Versus Stan-
dard of Care for Previously Treated Metastatic Colorectal Can-
cer: Final Analysis of the Randomized, Open-Label, Phase III
LEAP-017 Study. Journal of Clinical Oncology: Official Jour-
nal of the American Society of Clinical Oncology. 2024; 42:
2918–2927.

[13] BullockAJ, Schlechter BL, FakihMG, TsimberidouAM,Gross-
man JE, Gordon MS, et al. Botensilimab plus balstilimab in re-
lapsed/refractory microsatellite stable metastatic colorectal can-
cer: a phase 1 trial. Nature Medicine. 2024; 30: 2558–2567.

[14] Antoniotti C, Rossini D, Pietrantonio F, Salvatore L, Lonardi S,
Tamberi S, et al. Upfront Fluorouracil, Leucovorin, Oxaliplatin,
and Irinotecan Plus Bevacizumab with or without Atezolizumab
for Patients With Metastatic Colorectal Cancer: Updated and
Overall Survival Results of the ATEZOTRIBE Study. Journal
of Clinical Oncology: Official Journal of the American Society
of Clinical Oncology. 2024; 42: 2637–2644.

[15] Ikeda H. Gene-modified lymphocytes: from caution to promise
for effective cancer immunotherapy. Immunotherapy. 2012; 4:
241–244.

[16] Jayaraman J, Mellody MP, Hou AJ, Desai RP, Fung AW, Pham
AHT, et al. CAR-T design: Elements and their synergistic func-
tion. EBioMedicine. 2020; 58: 102931.

[17] Sterner RC, Sterner RM. CAR-T cell therapy: current limita-
tions and potential strategies. Blood Cancer Journal. 2021; 11:
69.

[18] Nix MA, Wiita AP. Alternative target recognition elements for
chimeric antigen receptor (CAR) T cells: beyond standard anti-
body fragments. Cytotherapy. 2024; 26: 729–738.

[19] Tomasik J, Jasiński M, Basak GW. Next generations of CAR-T
cells - new therapeutic opportunities in hematology? Frontiers
in Immunology. 2022; 13: 1034707.

[20] Tang L, Pan S, Wei X, Xu X, Wei Q. Arming CAR-T cells with

https://www.discovmed.com/


628

cytokines and more: Innovations in the fourth-generation CAR-
T development.Molecular Therapy: the Journal of the American
Society of Gene Therapy. 2023; 31: 3146–3162.

[21] Blache U, Popp G, Dünkel A, Koehl U, Fricke S. Potential solu-
tions for manufacture of CAR T cells in cancer immunotherapy.
Nature Communications. 2022; 13: 5225.

[22] Watanabe N, Mo F, McKenna MK. Impact of Manufacturing
Procedures on CAR T Cell Functionality. Frontiers in Immunol-
ogy. 2022; 13: 876339.

[23] Raes L, De Smedt SC, Raemdonck K, Braeckmans K. Non-viral
transfection technologies for next-generation therapeutic T cell
engineering. Biotechnology Advances. 2021; 49: 107760.

[24] Gu X, Zhang Y, Zhou W, Wang F, Yan F, Gao H, et al. Infu-
sion and delivery strategies to maximize the efficacy of CAR-T
cell immunotherapy for cancers. Experimental Hematology &
Oncology. 2024; 13: 70.

[25] Lickefett B, Chu L, Ortiz-Maldonado V, Warmuth L, Barba P,
Doglio M, et al. Lymphodepletion - an essential but underval-
ued part of the chimeric antigen receptor T-cell therapy cycle.
Frontiers in Immunology. 2023; 14: 1303935.

[26] Zhang X, Zhu L, Zhang H, Chen S, Xiao Y. CAR-T Cell Ther-
apy in Hematological Malignancies: Current Opportunities and
Challenges. Frontiers in Immunology. 2022; 13: 927153.

[27] Wei J, Han X, Bo J, HanW. Target selection for CAR-T therapy.
Journal of Hematology & Oncology. 2019; 12: 62.

[28] Li X, Chen T, Li X, Zhang H, Li Y, Zhang S, et al. Therapeutic
targets of armored chimeric antigen receptor T cells navigating
the tumor microenvironment. Experimental Hematology & On-
cology. 2024; 13: 96.

[29] Qi C, Liu C, Gong J, LiuD,WangX, Zhang P, et al. Claudin18.2-
specific CAR T cells in gastrointestinal cancers: phase 1 trial
final results. Nature Medicine. 2024; 30: 2224–2234.

[30] MonjeM,Mahdi J,Majzner R, YeomKW, Schultz LM,Richards
RM, et al. Intravenous and intracranial GD2-CAR T cells for
H3K27M+ diffuse midline gliomas. Nature. 2025; 637: 708–
715.

[31] Chi X, Yang P, Zhang E, Gu J, Xu H, Li M, et al. Sig-
nificantly increased anti-tumor activity of carcinoembryonic
antigen-specific chimeric antigen receptor T cells in combina-
tion with recombinant human IL-12. Cancer Medicine. 2019; 8:
4753–4765.

[32] Hombach AA, Geumann U, Günther C, Hermann FG, Abken
H. IL7-IL12 Engineered Mesenchymal Stem Cells (MSCs) Im-
prove A CAR T Cell Attack Against Colorectal Cancer Cells.
Cells. 2020; 9: 873.

[33] Chai LF, Hardaway JC, Heatherton KR, O’Connell KP, LaPorte
JP, Guha P, et al. Antigen Receptor T Cells (CAR-T) Effectively
Control Tumor Growth in a Colorectal Liver Metastasis Model.
The Journal of Surgical Research. 2022; 272: 37–50.

[34] Qian S, Chen J, Zhao Y, Zhu X, Dai D, Qin L, et al.
Intraperitoneal administration of carcinoembryonic antigen-
directed chimeric antigen receptor T cells is a robust delivery
route for effective treatment of peritoneal carcinomatosis from
colorectal cancer in pre-clinical study. Cytotherapy. 2024; 26:
113–125.

[35] Zhang C, Wang L, Zhang Q, Shen J, Huang X, Wang M, et al.
Screening and characterization of the scFv for chimeric antigen
receptor T cells targeting CEA-positive carcinoma. Frontiers in
Immunology. 2023; 14: 1182409.

[36] Zhou Y, Wen P, Li M, Li Y, Li XA. Construction of chimeric
antigen receptor modified T cells targeting EpCAM and as-
sessment of their anti tumor effect on cancer cells. Molecular
Medicine Reports. 2019; 20: 2355–2364.

[37] Li D, Guo X, Yang K, Yang Y, ZhouW, Huang Y, et al. EpCAM-
targeting CAR-T cell immunotherapy is safe and efficacious for
epithelial tumors. Science Advances. 2023; 9: eadg9721.

[38] AngWX, Li Z, Chi Z, Du SH, Chen C, Tay JCK, et al. Intraperi-
toneal immunotherapy with T cells stably and transiently ex-
pressing anti-EpCAM CAR in xenograft models of peritoneal
carcinomatosis. Oncotarget. 2017; 8: 13545–13559.

[39] Zhang BL, Li D, Gong YL, Huang Y, Qin DY, Jiang L, et al.
Preclinical Evaluation of Chimeric Antigen Receptor-Modified
T Cells Specific to Epithelial Cell Adhesion Molecule for Treat-
ing Colorectal Cancer. Human Gene Therapy. 2019; 30: 402–
412.

[40] Zeng S, Jin N, Yu B, Ren Q, Yan Z, Fu S. Chimeric antigen
receptor-T cells targeting epithelial cell adhesion molecule anti-
gens are effective in the treatment of colorectal cancer. BMC
Gastroenterology. 2024; 24: 249.

[41] Teng R, Zhao J, Zhao Y, Gao J, Li H, Zhou S, et al. Chimeric
Antigen Receptor-modified T Cells Repressed Solid Tumors
and Their Relapse in an Established Patient-derived Colon Car-
cinoma Xenograft Model. Journal of Immunotherapy (Hager-
stown, Md.: 1997). 2019; 42: 33–42.

[42] Xu J, Meng Q, Sun H, Zhang X, Yun J, Li B, et al. HER2-
specific chimeric antigen receptor-T cells for targeted therapy
of metastatic colorectal cancer. Cell Death & Disease. 2021; 12:
1109.

[43] Jiang G, Ng YY, Tay JCK, Du Z, Xiao L, Wang S, et al. Dual
CAR-T cells to treat cancers co-expressing NKG2D and PD1
ligands in xenograft models of peritoneal metastasis. Cancer Im-
munology, Immunotherapy: CII. 2023; 72: 223–234.

[44] Deng X, Gao F, Li N, Li Q, Zhou Y, Yang T, et al. Antitumor ac-
tivity of NKG2D CAR-T cells against human colorectal cancer
cells in vitro and in vivo. American Journal of Cancer Research.
2019; 9: 945–958.

[45] Li Z, Chi Z, Ang WX, Chen C, Tay JC, Ng YY, et al. Experi-
mental treatment of colorectal cancer in mice with human T cells
electroporated with NKG2D RNA CAR. Immunotherapy. 2020;
12: 733–748.

[46] Zhou X, Yang M, Yu J, Tan J, Xu N, Zhou Y, et al. Regional
delivery of mesothelin-targeted chimeric antigen receptor T-cell
effectively and safely targets colorectal cancer liver metastases
in mice. Journal of Gastrointestinal Oncology. 2024; 15: 312–
329.

[47] Zhang Q, Liu G, Liu J, YangM, Fu J, Liu G, et al. The antitumor
capacity of mesothelin-CAR-T cells in targeting solid tumors in
mice. Molecular Therapy Oncolytics. 2021; 20: 556–568.

[48] Magee MS, Kraft CL, Abraham TS, Baybutt TR, Marszalowicz
GP, Li P, et al. GUCY2C-directed CAR-T cells oppose colorec-
tal cancer metastases without autoimmunity. Oncoimmunology.
2016; 5: e1227897.

[49] Magee MS, Abraham TS, Baybutt TR, Flickinger JC, Jr,
Ridge NA, Marszalowicz GP, et al. Human GUCY2C-Targeted
Chimeric Antigen Receptor (CAR)-Expressing T Cells Elim-
inate Colorectal Cancer Metastases. Cancer Immunology Re-
search. 2018; 6: 509–516.

[50] He S, Li S, Guo J, ZengX, LiangD, ZhuY, et al. CD166-specific
CAR-T cells potently target colorectal cancer cells. Transla-
tional Oncology. 2023; 27: 101575.

[51] Li M, Li S, Zhao R, Lv J, Zheng D, Qin L, et al. CD318 is a tar-
get of chimeric antigen receptor T cells for the treatment of col-
orectal cancer. Clinical and Experimental Medicine. 2023; 23:
2409–2419.

[52] Li X, Berahovich R, Zhou H, Liu X, Li F, Xu S, et al. PLAP
-CAR T cells mediate high specific cytotoxicity against colon
cancer cells. Frontiers in Bioscience (Landmark Edition). 2020;
25: 1765–1786.

[53] Meng S, Li M, Qin L, Lv J, Wu D, Zheng D, et al. The onco-
embryonic antigen ROR1 is a target of chimeric antigen T
cells for colorectal cancer. International Immunopharmacology.
2023; 121: 110402.

https://www.discovmed.com/


629

[54] Sureban SM, Berahovich R, Zhou H, Xu S, Wu L, Ding K, et al.
DCLK1 Monoclonal Antibody-Based CAR-T Cells as a Novel
Treatment Strategy against Human Colorectal Cancers. Cancers.
2019; 12: 54.

[55] Bashiri Dezfouli A, Yazdi M, Benmebarek MR, Schwab M,
Michaelides S, Miccichè A, et al. CAR T Cells Targeting
Membrane-Bound Hsp70 on Tumor Cells Mimic Hsp70-Primed
NK Cells. Frontiers in Immunology. 2022; 13: 883694.

[56] Meléndez AV, Velasco Cárdenas RMH, Lagies S, Strietz J, Siuk-
staite L, Thomas OS, et al. Novel lectin-based chimeric antigen
receptors target Gb3-positive tumour cells. Cellular and Molec-
ular Life Sciences: CMLS. 2022; 79: 513.

[57] Feng Z, He X, Zhang X, Wu Y, Xing B, Knowles A, et al. Potent
suppression of neuroendocrine tumors and gastrointestinal can-
cers by CDH17CAR T cells without toxicity to normal tissues.
Nature Cancer. 2022; 3: 581–594.

[58] Bandara V, Foeng J, Gundsambuu B, Norton TS, Napoli S, Mc-
Peake DJ, et al. Pre-clinical validation of a pan-cancer CAR-T
cell immunotherapy targeting nfP2X7. Nature Communications.
2023; 14: 5546.

[59] Kieliszek AM, Mobilio D, Upreti D, Bloemberg D, Escudero
L, Kwiecien JM, et al. Intratumoral Delivery of Chimeric Anti-
gen Receptor T Cells Targeting CD133 Effectively Treats Brain
Metastases. Clinical Cancer Research: an Official Journal of the
American Association for Cancer Research. 2024; 30: 554–563.

[60] Tiernan JP, Perry SL, Verghese ET, West NP, Yeluri S, Jayne
DG, et al. Carcinoembryonic antigen is the preferred biomarker
for in vivo colorectal cancer targeting. British Journal of Cancer.
2013; 108: 662–667.

[61] Jansen K, Kornfeld L, Lennartz M, Blessin NC, Höflmeyer D,
Dwertmann Rico S, et al. Carcinoembryonic antigen (CEA) ex-
pression in human tumors: A tissue microarray study on 15,413
tumors. Annals of Oncology. 2023; 34: S1197.

[62] Went PT, Lugli A, Meier S, Bundi M, Mirlacher M, Sauter G,
et al. Frequent EpCam protein expression in human carcinomas.
Human Pathology. 2004; 35: 122–128.

[63] Spizzo G, FongD,WurmM, Ensinger C, Obrist P, Hofer C, et al.
EpCAM expression in primary tumour tissues and metastases:
an immunohistochemical analysis. Journal of Clinical Pathol-
ogy. 2011; 64: 415–420.

[64] ChengX. AComprehensive Review of HER2 in Cancer Biology
and Therapeutics. Genes. 2024; 15: 903.

[65] Swain SM, Shastry M, Hamilton E. Targeting HER2-positive
breast cancer: advances and future directions. Nature Reviews.
Drug Discovery. 2023; 22: 101–126.

[66] Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, et al. Trastuzumab in combination with chemother-
apy versus chemotherapy alone for treatment of HER2-positive
advanced gastric or gastro-oesophageal junction cancer (ToGA):
a phase 3, open-label, randomised controlled trial. Lancet (Lon-
don, England). 2010; 376: 687–697.

[67] Van Cutsem E, di Bartolomeo M, Smyth E, Chau I, Park H,
Siena S, et al. Trastuzumab deruxtecan in patients in the USA
and Europe with HER2-positive advanced gastric or gastroe-
sophageal junction cancer with disease progression on or after
a trastuzumab-containing regimen (DESTINY-Gastric02): pri-
mary and updated analyses from a single-arm, phase 2 study.
The Lancet. Oncology. 2023; 24: 744–756.

[68] Goto K, Goto Y, Kubo T, Ninomiya K, Kim SW, Planchard D,
et al. Trastuzumab Deruxtecan in Patients with HER2-Mutant
Metastatic Non-Small-Cell Lung Cancer: Primary Results from
the Randomized, Phase II DESTINY-Lung02 Trial. Journal of
Clinical Oncology: Official Journal of the American Society of
Clinical Oncology. 2023; 41: 4852–4863.

[69] Singh H, Kang A, Bloudek L, Hsu LI, Corinna Palanca-Wessels
M, Stecher M, et al. Systematic literature review and meta-

analysis of HER2 amplification, overexpression, and positivity
in colorectal cancer. JNCI Cancer Spectrum. 2024; 8: pkad082.

[70] Tan G, Spillane KM, Maher J. The Role and Regulation of the
NKG2D/NKG2D Ligand System in Cancer. Biology. 2023; 12:
1079.

[71] Frierson HF, Jr, Moskaluk CA, Powell SM, Zhang H, Cerilli LA,
Stoler MH, et al. Large-scale molecular and tissue microarray
analysis of mesothelin expression in common human carcino-
mas. Human Pathology. 2003; 34: 605–609.

[72] Inaguma S, Wang Z, Lasota J, Onda M, Czapiewski P, Lang-
fort R, et al. Comprehensive immunohistochemical study of
mesothelin (MSLN) using different monoclonal antibodies 5B2
and MN-1 in 1562 tumors with evaluation of its prognostic
value in malignant pleural mesothelioma. Oncotarget. 2017; 8:
26744–26754.

[73] Weidemann S, Gagelmann P, GorbokonN, LennartzM,MenzA,
Luebke AM, et al. Mesothelin Expression in Human Tumors:
A Tissue Microarray Study on 12,679 Tumors. Biomedicines.
2021; 9: 397.

[74] Flickinger JC, Jr, Rappaport JA, Barton JR, Baybutt TR, Patti-
son AM, Snook AE, et al. Guanylyl cyclase C as a biomarker
for immunotherapies for the treatment of gastrointestinal malig-
nancies. Biomarkers in Medicine. 2021; 15: 201–217.

[75] Aragón-Serrano L, Carrillo-Serradell L, Planells-Romeo V,
Isamat M, Velasco-de Andrés M, Lozano F. CD6 and Its In-
teracting Partners: Newcomers to the Block of Cancer Im-
munotherapies. International Journal of Molecular Sciences.
2023; 24: 17510.

[76] Reiswich V, Gorbokon N, Luebke AM, Burandt E, Menz A,
Kluth M, et al. Pattern of placental alkaline phosphatase (PLAP)
expression in human tumors: a tissue microarray study on
12,381 tumors. The Journal of Pathology. Clinical Research.
2021; 7: 577–589.

[77] Balakrishnan A, Goodpaster T, Randolph-Habecker J, Hoff-
strom BG, Jalikis FG, Koch LK, et al. Analysis of ROR1 Protein
Expression in Human Cancer and Normal Tissues. Clinical Can-
cer Research: an Official Journal of the American Association
for Cancer Research. 2017; 23: 3061–3071.

[78] Kalantari E, Razmi M, Tajik F, Asadi-Lari M, Ghods R, Madjd
Z. Oncogenic functions and clinical significances of DCLK1
isoforms in colorectal cancer: a systematic review and meta-
analysis. Cancer Cell International. 2022; 22: 217.

[79] Gehrmann M, Liebisch G, Schmitz G, Anderson R, Steinem C,
De Maio A, et al. Tumor-specific Hsp70 plasma membrane lo-
calization is enabled by the glycosphingolipid Gb3. PloS One.
2008; 3: e1925.

[80] Thistlethwaite FC, Gilham DE, Guest RD, Rothwell DG,
Pillai M, Burt DJ, et al. The clinical efficacy of first-
generation carcinoembryonic antigen (CEACAM5)-specific
CAR T cells is limited by poor persistence and transient pre-
conditioning-dependent respiratory toxicity. Cancer Immunol-
ogy, Immunotherapy: CII. 2017; 66: 1425–1436.

[81] Zhang C, Wang Z, Yang Z, Wang M, Li S, Li Y, et al. Phase
I Escalating-Dose Trial of CAR-T Therapy Targeting CEA+

Metastatic Colorectal Cancers. Molecular Therapy: the Jour-
nal of the American Society of Gene Therapy. 2017; 25: 1248–
1258.

[82] Katz SC, Burga RA, McCormack E, Wang LJ, Mooring W,
Point GR, et al. Phase I Hepatic Immunotherapy for Metastases
Study of Intra-Arterial Chimeric Antigen Receptor-Modified T-
cell Therapy for CEA+ Liver Metastases. Clinical Cancer Re-
search: an Official Journal of the American Association for Can-
cer Research. 2015; 21: 3149–3159.

[83] Katz SC, Hardaway J, Prince E, Guha P, CunettaM,MoodyA, et
al. HITM-SIR: phase Ib trial of intraarterial chimeric antigen re-
ceptor T-cell therapy and selective internal radiation therapy for

https://www.discovmed.com/


630

CEA+ liver metastases. Cancer Gene Therapy. 2020; 27: 341–
355.

[84] Wang Y, Chen M, Wu Z, Tong C, Dai H, Guo Y, et al. CD133-
directed CAR T cells for advanced metastasis malignancies: A
phase I trial. Oncoimmunology. 2018; 7: e1440169.

[85] Gargett T, Truong NTH, Gardam B, Yu W, Ebert LM, Johnson
A, et al. Safety and biological outcomes following a phase 1

trial of GD2-specific CAR-T cells in patients with GD2-positive
metastatic melanoma and other solid cancers. Journal for Im-
munotherapy of Cancer. 2024; 12: e008659.

[86] Chen N, Pu C, Zhao L, Li W, Wang C, Zhu R, et al.
Chimeric Antigen Receptor T Cells Targeting CD19 and GCC in
Metastatic Colorectal Cancer: A Nonrandomized Clinical Trial.
JAMA Oncology. 2024; 10: 1532–1536.

https://www.discovmed.com/

	Introduction
	Overview of CAR-T Cell Therapy
	Challenges and Recent Advances of CAR-T Cell Therapy for Solid Tumors
	CAR-T Cell Therapy for CRC in the Preclinical Setting
	Carcinoembryonic Antigen (CEA)
	Epithelial Cell Adhesion Molecule (EpCAM)
	Human Epidermal Growth Factor Receptor 2 (HER2; ERBB2)
	Natural Killer Group 2, Member D Ligands (NKG2DL)
	Mesothelin (MSLN)
	Guanylate Cyclase C (GUCY2C)
	CD166 & CD318
	Placental Alkaline Phosphatase (PLAP)
	Receptor Tyrosine Kinase-Like Orphan Receptor 1 (ROR1)
	Doublecortin-Like Kinase 1 (DCLK1)
	Heat Shock Protein 70 (Hsp70) and Globotriaosylceramide (Gb3)
	Other Targets

	CAR-T Cell Therapy for CRC in the Clinical Setting
	Carcinoembryonic Antigen (CEA)
	CD133
	Epithelial Cell Adhesion Molecule (EpCAM)
	Disialoganglioside GD2
	Guanylate Cyclase C (GUCY2C)
	Claudin18.2 (CLDN18.2)
	Ongoing Clinical Trials

	Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

