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Abstract

therapy in the field of endocrine cancer.

Endocrine cancer, a relatively rare and heterogeneous tumor with diverse clinical features. The facile synthesis of
hormones further complicates endocrine cancer treatment. Thus, the development of safe and effective systemic
treatment approaches, such as chimeric antigen receptor (CAR) T cell therapy, is imperative to enhance the
prognosis of patients with endocrine cancer. Although this therapy has achieved good results in the treatment

of hematological malignancies, it encounters diverse complications and challenges in the context of endocrine
cancer. This review delineates the generation of CAR-T cells, examines the potential of CAR-T cell therapy for
endocrine cancer, enumerates pivotal antigens linked to endocrine cancer, encapsulates the challenges confronted
with CAR-T cell therapy for endocrine cancer, and expounds upon strategies to overcome these limitations. The
primary objective is to provide insightful perspectives that can contribute to the advancement of CAR-T cell
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Introduction

Endocrine cancer represents a group of heterogeneous
tumors, including thyroid cancer (TC), adrenal cancer,
pancreatic cancer (PC), parathyroid cancer, and ovarian
cancer (OC) [1]. The facile synthesis of hormones in cer-
tain endocrine cancers contributes to higher mortality
rates, complicating the management of endocrine can-
cer [2]. Notably, PC is the seventh most prevalent fatal
tumor worldwide, whereas OC is the eighth most deadly
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malignancy in women [3, 4]. Individuals afflicted by these
malignancies may experience an unfavorable prognosis
coupled with a heightened mortality rate [3]. Diagnosis
frequently occurs at an advanced stage (Stage III or IV)
in most patients with endocrine cancers. Under exist-
ing treatment modalities, PC has a 5-year survival rate
of only 13% [5], while OC shows a mere 5-year survival
rate of 25—-47% [6]. Even in the case of the most com-
mon and generally well-prognosed endocrine malig-
nancy, TC, a small subset still exhibits invasive behavior
that is unresponsive to conventional cancer therapies
[7]. In conclusion, despite the active surgical resection
complemented by chemotherapy, radiotherapy, or tar-
geted therapy, tumor recurrence remains quite common.
Although these traditional treatments can effectively sup-
press tumor growth and extend patient survival in many
cases, they are often accompanied by significant side
effects [8]. Moreover, due to the heterogeneity of tumors,
some patients may develop resistance to these treatment
methods [9]. Therefore, it is essential to seek out more
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promising therapeutic strategies. The relevant data on
other cancers in endocrine tumors may be insufficient,
which weakens the foundation for analysis and discus-
sion; therefore, this paper will not address this issue.

In recent years, owing to an enhanced understanding
of the molecular mechanisms governing immune recog-
nition and regulation within tumor cells [10], immuno-
therapy has exhibited promising therapeutic outcomes
in diverse cancer types, generating substantial inter-
est. Immune checkpoint inhibitors (ICIs) are currently
approved for the treatment of many different types of
cancer and have become a cornerstone of cancer ther-
apy in various combination regimens. However, this
therapy may be associated with immune-related adverse
events when it involves endocrine diseases. In contrast to
immune checkpoint inhibitors, CAR-T therapy not only
demonstrates a unique therapeutic mechanism but also
offers new hope for cancer patients [11]. The concept of
T cell therapy for cancers was first elucidated by Dr. Ste-
ven Rosenberg and colleagues at the U. S. National Can-
cer Institute during the 1980s [12-14].

With remarkable advancements in the treatment of
hematologic malignancies through adoptive T cell ther-
apy [15], ongoing efforts are aimed at expanding this
strategy to solid tumors. Consequently, researchers have
developed chimeric antigen receptors (CARs) to create
receptors capable of recognizing tumor antigens regard-
less of their MHC expression. In contrast to TCRs, CARs
can identify a wider spectrum of tumor cell antigens,
activate T cells without being confined to MHC restric-
tions, and consequently induce potent and targeted anti-
tumor responses [16, 17]. Through advancements in gene
transfer technology, researchers have incorporated CARs
into T cells, giving rise to chimeric antigen receptor T
cells (CAR-T cells).

This review describes the generation of CAR-T cells,
explores the potential of CAR-T cell therapy for endo-
crine cancers, lists key antigens associated with endo-
crine cancers, summarizes the challenges faced by
CAR-T cell therapy for endocrine cancers, and discusses
strategies to overcome these challenges. The aim is to
provide insights into CAR-T cell therapy for endocrine
cancers and to offer assistance in this field.

Origin and preparation of CAR-T cells

In 1989, CAR-T cells were designed and engineered to
treat hematologic malignancies [18]. Although the pro-
cess of redirecting T cells using CARs is highly complex,
it has been widely used for personalized gene-modified
therapy employing autologous T cells.

In first-generation CAR-T cells, there is an extracel-
lular ligand-binding domain and an intracellular struc-
tural domain, also known as a signaling domain. The
extracellular ligand-binding domain is composed of a
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single-chain variable fragment (scFv) derived from anti-
body heavy and light chains, whereas the intracellular
signaling domain consists of CD3(. The scFv can selec-
tively recognize tumor antigens and activate T cells [18],
whereas CD3( can initiate and trigger antigen-specific
immune responses. However, owing to the lack of co-
stimulatory signals, first-generation CAR-T cells exhibit
weak or no cytotoxic function and short in vivo survival
[19]. Therefore, the second and the third generations of
CAR-T cells introduced one or more co-stimulatory
domains, incorporating co-stimulatory molecules like
4-1BB (CD137), CD28, OX40, and CD27 to selec-
tively modify the function of synthetic CAR-T cells
[20-25], enhancing persistence and Thl cytokine pro-
duction (TNF-a, IFN-y) [26-28]. Despite some advan-
tages of the second and the third generations over the
first, issues still exist, such as the inability to counteract
immunosuppressive tumor microenvironments (TME).
Fourth-generation CAR-T cells are designed to release
transgenic products into tumor tissues after binding
with the CAR. These locally delivered immunomodula-
tory molecules (such as IL-12 and IL-18) help transform
the inhibitory tumor microenvironment into a state that
supports immune responses [29]. However, CAR devel-
opment has progressed to the fifth generation to improve
the performance and safety of CAR-T cell therapies.
Fifth-generation CARs build upon the foundation of
second-generation CARs by incorporating a truncated
cytoplasmic region of the IL-2 receptor B chain and a
YXXQ motif that binds STAT3/5 (transcription factors).
This design aims to achieve optimal T cell activation by
simultaneously activating three signals—antigen-depen-
dent TCR, co-stimulation, and cytokine signaling [30].
Several generations of CAR-T cells have been manufac-
tured [31, 32], with the common feature of using scFv as
the extracellular domain and incorporating costimulatory
molecules in the intracellular domain, along with further
modifications [33], as shown in Fig. 1.

The manufacturing process of CAR-T cells consists
of several critical steps, with distinct methodologies for
autologous and allogeneic CAR-T cell production [34].
For autologous CAR-T cell manufacturing, the typical
procedure involves the following steps: (1) Isolation of
white blood cells from the patient’s peripheral blood to
obtain T cells. (2) Activation of T cells using anti-CD3/
anti-CD28 beads and cytokines. (3) Subsequent trans-
duction of CAR genetic material into the activated T cells
using lentiviral or retroviral vectors. (4) Notably, TCR
knockout is not required for the production of autolo-
gous CAR-T cells. (5) Following transduction, the T cells
are expanded in culture to increase their numbers. (6)
The resulting CAR-T cells are then aliquoted into vials
for storage. (7) Finally, the product is stored, frozen, and
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Fig. 1 Generations of CARs. CARs are constructed from a single-chain variable fragment (scFv) coupled with a CD3{ molecule and a co-stimulatory mol-
ecule such as CD28. The scFv consists of a variable light chain domain (VL) and a variable heavy chain domain (VH). CD3( initiates and triggers antigen-
specificimmune responses. The CD28 domain promotes faster expansion of CAR-T cells. The 41BB domain is typically used to enhance in vivo persistence
of the cells. IL.-12 increases the survival of CAR-T cells in the immunosuppressive tumor microenvironment. The IL-2Rf chain domain overcomes tumor-

inhibitory microenvironments, enhancing the anti-tumor effects of T cells

transported to the hospital as needed, prior to infusion
into the patient, as illustrated in Fig. 2 [35-37].

Unlike regular T cells, CAR-T cells express receptors
with distinct biological structures. In the treatment of
solid tumors, they migrate to the TME, and upon detect-
ing tumor antigens, kill tumor cells through cytokine
production and associated mechanisms [38]. The cyto-
toxicity of CAR-T cells is mediated by the activation of
death receptors binding with fas/fas ligands and by the
release of perforin enzymes that induce tumor cell lysis
[39-41]. However, CAR-T cell therapy is expensive and
unsuitable for all patients. There is also a risk of severe
adverse events, including uncontrolled cytokine release
syndrome (CRS) and neurotoxicity, as complications of
CAR-T cell therapy [42].

Antigen targets

Tumor antigens are mainly classified into two categories:
tumor-associated antigens (TAA) and tumor-specific
antigens (TSA). TAA is expressed in both tumor and nor-
mal cells, leading to higher toxicity and more side effects
when targeted. TSA, on the other hand, is specifically
expressed in tumor cells, allowing for more precise tar-
geted therapy with reduced side effects. However, current
immunotherapy targets often involve one or more TAA
[43], therefore, the field still requires the discovery and
validation of new, truly endocrine cancer-specific anti-
gens to minimize potential off-target effects and adverse

events. In the following sections, we review antigen tar-
gets for CAR-T cell therapy in endocrine cancers, includ-
ing human epidermal growth factor receptor 2 (HER2),
mesothelin (MSLN), mucin 16 (MUCI16), epithelial cell
adhesion molecule (EpCAM), folate receptor 1 (FOLR1),
and CD24 (Fig. 3).

HER2

HER2, also known as human epidermal growth factor
receptor 2 (ERBB2), is a member of the epidermal growth
factor receptor family. It is a transmembrane glycopro-
tein involved in cell proliferation and differentiation dur-
ing embryonic and adult tissue development [44]. As one
of the extensively studied TAA in cancer immunotherapy;,
HER?2 significantly contributes to the onset and clinical
progression of various cancers. Notably, in the context of
OC, Sun et al. [45] introduced an innovative CAR con-
struct utilizing a humanized HER2-specific chA21 scFv
(chA21-28z-CAR) that incorporates fused CD28/CD3(
intracellular domains for robust T cell activation. Conse-
quently, the resultant CAR-T cells effectively eliminated
HER2-positive OC cells. Furthermore, considering the
substantial overexpression of HER2 in approximately
7-58% of PC [46-48], along with minimal protein
expression in normal tissues, HER2 has emerged as an
attractive target for CAR-T cell therapy in PC. AMIT
et al. [49] designed HER2-specific CAR-T cell therapy
for in situ PC in immunodeficient mice and found that
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Fig. 2 Preparation process of CAR-T cells. T cells are collected from the patient’s peripheral blood using leukapheresis. With the assistance of lentiviral and
retroviral vectors, these T cells are transduced with CAR genetic material. The resulting chimeric antigen receptor T cells are then expanded. Subsequently,
they are infused back into the patient
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Fig. 3 Candidate target antigens for CAR-T cell therapy in endocrine cancer. Several target antigens for CAR-T cell therapy have been identified and are
being studied in preclinical and clinical trials. Different tumor cells express both common and distinct antigens. For example, PC and OC tumor cells share
target antigens for CAR-T therapy, including ERBB2, MSLN, MUC16, and CD24
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HER2-CAR-T cells could significantly reduce the tumor
burden. Despite the promising therapeutic potential of
HER2-CAR-T cell therapy at preclinical stages, its appli-
cation in OC and PC treatment currently remains under
the scope of clinical trials.

MSLN

MSLN is a group of glycoproteins anchored to the plasma
membrane through a glycosylphosphatidylinositol (GPI)
linkage [49]. This antigen exists on the cell surface, ini-
tially as a 69 kDa protein, which is subsequently cleaved
by furin proteinase into a soluble 32 kDa N-terminal
fragment and a membrane-bound 40 kDa C-terminal
fragment [50]. As most TAAs used as solid tumor tar-
gets are also present in normal cells, non-specific toxicity
occurs during treatment. However, MSLN exhibits rela-
tively high specific expression in PC and OC tissues com-
pared to normal tissues [50—53], thus resulting in lower
non-specific toxicity. Consequently, it is the most exten-
sively studied target for PC and OC therapy.

Esther et al. [54] established an orthotopic model of
OC to compare the in vivo efficacy of CAR-T cells tar-
geting MSLN with the CD28 (M28z) or 4-1BB (MBBz)
costimulatory domains. They noted that M28z-MSLN-
CAR-T cells significantly extended survival yet did not
provide sustained tumor control. MBBz-MSLN-CAR-T
cells induced long-term remission in some mice bearing
SKOV3 tumors, albeit with a lower response rate. Sub-
sequently, Zhang et al. [55] developed MSLN-CAR-T
cells with an MSLN-specific scFv, CD8 transmembrane
domain, CD28 and TNFRSF9 costimulatory domains,
and an activating domain CD247. In vitro, these CAR-T
cells effectively killed OC cell line tumor cells. In vivo,
they inhibited the growth of MSLN-positive tumors and
significantly elevated T cell and cytokine levels. Similarly,
Chen et al. [56] devised and constructed MSLN-CAR-T
cells displaying robust cytokine secretion and cytotoxic-
ity against OC cells, both in vitro and in vivo. These find-
ings highlight the promising potential of MSLN-CAR-T
cell therapy in OC treatment. Furthermore, Beatty et
al. [57] carried out a study employing MSLN-specific
CAR-T cells for treating pancreatic ductal adenocarci-
noma (PDAC), revealing the safety, feasibility, and thera-
peutic potential of MSLN-CAR-T cell therapy for PDAC,
and suggesting that MSLN could serve as a potential
therapeutic tool for PDAC treatment. In conclusion,
MSLN emerges as a promising target for CAR-T cell
therapy in both OC and PC.

MuUC16

MUCI16, also known as cancer antigen 125 (CA125),
belongs to the mucin-glycoprotein family. It was initially
identified using the murine monoclonal antibody OC125,
which is the 125th antibody generated against OC cell
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lines. MUCI16 is the largest membrane-associated mucin
glycoprotein, consisting of approximately 22,000 amino
acids [58]. MUC16 plays a key role in promoting tumor
initiation and proliferation, and is a well-known marker
for gynecologic malignancies [59], particularly OC. Over
80% of OC cases are characterized by the overexpression
of MUC16. Therefore, MUC16 is a highly attractive tar-
get for CAR-T cell therapy.

Chekmasova et al. [60] demonstrated that MUC16-
CAR-T cells exert specific cytotoxic effects on
MUC16 + OC cells in vitro. Furthermore, in mouse tumor
models, both intravenous and intraperitoneal injections
of MUC16-CAR-T cells lead to delayed OC progression
or complete tumor clearance. Additionally, Mythili et
al. [61] found that CAR-T lymphocytes secreting IL-12
displayed enhanced antitumor efficacy in a human OC
xenograft SCID-beige mouse model. This encouraged the
development of a construct (4H11-28z/IL-12) that simul-
taneously expressed MUCl6ecto-CAR and IL-12. Com-
pared to 4H11-28z-CAR-T cells, 4H11-28z/IL-12-CAR-T
cells exhibit enhanced proliferation and IFN-y secre-
tion. These studies highlight the potential of MUC16 as a
promising target for OC therapy.

EpCAM
EpcAM, as a type I transmembrane glycoprotein, is
highly expressed in rapidly growing epithelial cell tumors
and was initially identified as TAA [62]. Among these,
rapidly growing epithelial tumors are OCs [63]. While
the overexpression of the EpCAM antigen exhibits sig-
nificant heterogeneity and is linked to processes such
as cell proliferation, differentiation, and cellular signal
transduction, it is crucial to address the implications of
its low-level expression in normal epithelial tissues. This
low expression raises valid concerns regarding the poten-
tial for off-target toxicity when targeting EpCAM thera-
peutically. Additionally, the heterogeneous expression of
EpCAM within tumors may result in inconsistent thera-
peutic responses, thereby potentially limiting the overall
efficacy of EpCAM-targeted therapies [64—66]. In light of
these considerations, Fu et al. [67] constructed EpCAM-
CAR-T cells and demonstrated their specific cytotoxicity
and cytokine release against the OC cell line SKOV3 in
vitro. In vivo experiments significantly reduced tumor
size and improved survival rate in the OC xenograft
mouse model. Therefore, although EpCAM-CAR-T cells
present a promising therapeutic approach for OC, a thor-
ough evaluation of their safety and efficacy is imperative.

FOLR1

FOLRI1 is a GPI-anchored membrane protein. It is mini-
mally expressed in normal tissues but is overexpressed in
epithelial-derived malignancies, including OC, lung can-
cer, and breast cancer [68]. Moreover, this overexpression
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is associated with increased tumor aggressiveness and
poor prognosis [69], making it an attractive target for
immunotherapy. In a study by Zuo et al. [70], FOLR1-spe-
cific CAR-modified cytokine-induced killer (CIK) cells
were investigated to evaluate their antitumor immune
effects in OC. They found that FOLR1-CAR-CIK cells
augmented antitumor immunity against FOLR1-positive
OC. Liang et al. [71] demonstrated that FOLR1-CAR-
T cells effectively recognize and target FOLR1-positive
tumor cells, resulting in significant anti-tumor effects.
Furthermore, these CAR-T cells exhibited high cytotox-
icity in vitro, efficiently killing FOLR1-positive cells, and
demonstrated the ability to delay tumor growth in in vivo
mouse models. Additionally, the fully human FOLRI1-
CAR-T cells developed by Maria et al. not only showed
remarkable anti-tumor activity but also exhibited a cer-
tain degree of persistent survival in vivo, allowing for sus-
tained anti-tumor responses that contributed to the delay
in tumor progression. Overall, FOLR1 holds promise as a
potential target for CAR-T cell therapy for OC.

5T4

The cancer/testis antigen 5T4 (also known as trophoblast
glycoprotein, TPBG) is highly expressed on the cell sur-
face of numerous solid tumors [72], making it an attrac-
tive target for adoptive cell immunotherapy. Guo et al.
developed second-generation CAR-T cells specific to
5T4. They demonstrated that these CAR-T cells secreted
cytotoxic cytokines such as IFN-y, IL-2, and GM-CSE,
induced tumor cell lysis, and substantially delayed tumor
formation in intraperitoneal and subcutaneous animal
models [73]. However, it is important to note that the
expression of the 5T4 antigen in normal tissues raises
concerns about the potential for unintended immune
attacks, which must be carefully evaluated in clinical
applications. The ability of 5T4-CAR-T cells to circu-
late, target tumors, expand, and exert antitumor effects
underscores their potential for effective OC therapy. This
study also establishes a theoretical foundation for future
clinical trials of OC immunotherapy [73].

CD24

A significant contributor to the heightened invasive-
ness of PC and OC is the existence of cancer stem cells
(CSCs), which are characterized by robust self-renewal
abilities and high resistance to chemotherapy [74-76].
CSCs are implicated in tumor initiation, invasion, metas-
tasis, and recurrence. Commonly recognized CSC mark-
ers in PC and OC include CD44 and CD24. Heightened
expression of these markers correlates with unfavorable
clinical outcomes in patients with PC and OC [74]. Given
its minimal expression in normal tissues, CD24 emerges
as a highly promising therapeutic target. Maliar et al.
engineered second-generation CD24-specific CAR-T
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cells that effectively eradicated CD24 +tumor cells in a
human PC xenograft model [49]. This implies that CD24
holds promise as a potential target for CAR-T cell ther-
apy in PC. Furthermore, Klapdor et al. [77] utilized lenti-
viral transduction to equip the human NK cell line NK-92
with an anti-CD24 CAR, resulting in the creation of a
novel anti-CD24-CAR termed CD24-CAR-NK-92. This
third-generation, optimized CAR equipped with a high-
affinity scEv SWA11 targeting CD24 exhibited selective
cytotoxicity against OC cell lines. In conclusion, CD24
shows promise as a target for CAR-T cell therapy in both
PC and OC.

TAG72

Tumor-associated glycoprotein 72 (TAG72) antigen is a
sialylated glycoprotein, with approximately 90% of epi-
thelial OCs being TAG72 positive, indicating its abun-
dant presence in various histological subtypes of OC
[78]. Murad et al. [79] developed a humanized TAG72
specific CAR that includes a 4-1BB intracellular co stimu-
latory signal domain (TAG72-BB (). TAG72-BB(-CAR-T
cells, composed in this manner, demonstrated potent
cytotoxicity against TAG72+OC cell lines and the abil-
ity to stimulate the production of cytokines in vitro. Fur-
thermore, upon intraperitoneal infusion into mice, these
cells significantly inhibited tumor cell proliferation and
prolonged overall mouse survival. Although TAG72-BB(-
CAR-T cell therapy exhibits favorable effects on OC, the
decreased expression of TAG72 in recurrent tumor cells
considerably diminishes the efficiency of treating recur-
rent tumors [79]. In summary, TAG72-CAR-T cell ther-
apy could be a suitable strategy for CAR-T cell treatment
of OC, yet further experimental research is warranted.

TMA4SF1

Transmembrane 4 L6 family member 1 (TM4SF1) is a
cell surface protein characterized by four transmem-
brane domains, and it is classified within the tetraspanin
superfamily. Gao et al. reported that TM4SF1 exhibited
notably higher rates of positive expression (90.90%) in
epithelial OC tissues compared to normal ovarian tis-
sues (31.25%) [80]. Moreover, TM4SF1 assumes a pivotal
role in driving the progression, migration, and inva-
sion of OC. Shen et al. [81] engineered third-generation
CAR-T cells targeting TM4SF1 as part of an OC therapy
approach. These cells exhibited selective cytotoxicity
against TM4SF1-positive OC cell lines in in vitro settings
and effectively suppressed tumor growth in a xenograft
mouse model derived from SKOV3 cells. Consequently,
TM4SF1 holds significant potential as a therapeutic tar-
get for OC, underscoring its promise as a foundation for
CAR-T cell-based immunotherapeutic interventions tar-
geting TM4SF1.
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CEA

Carcinoembryonic antigen (CEA) is a 180-kDa GPI-
linked glycoprotein typically found on the colonic sur-
face. Its expression experiences an exponential increase
during the process of carcinogenesis. Moreover, it can
be released into the bloodstream and serves as a serum
marker employed to monitor gastrointestinal malignan-
cies [59]. Furthermore, its elevated expression is notably
associated with unfavorable prognoses in patients with
PC [82]. Hence, CEA holds the potential to be a valuable
target for CAR-modified T cell therapy in the context of
PC. Chmielewski et al. conducted a study to assess the
effectiveness of CAR-T cells targeting CEA in the treat-
ment of mice with orthotopic PC. Their findings revealed
that 67% of the mice experienced long-term tumor
eradication, thereby exemplifying the cytotoxic impact
of CEA-CAR-T cells within a mouse model of PC [83].
Nonetheless, a separate study assessing these cells was
prematurely terminated due to respiratory complications,

Table 1 Recent completed or ongoing research experiments on
CAR-T cell therapy for endocrine cancers

Target Receptor type Typeof Coun- Author Year
antigens (other specificity) cancer  try of
the
study
ERBB2 chA21-ScFV-CD8a- Ovarian ~ China  Meili Sun 2014
CD28-CD3C cancer
CD24 ScFV-CD28-4-1BB- Ovarian ~ Ger-  Rudiger 2019
CD3C cancer many  Klapdor
TAG72 ScFV—4-1BB-CD3( Ovarian ~ USA  JohnP 2018
cancer Murad
EpCAM ScFV-CD8a-CD8- Ovarian ~ China Juan FU 2020
CD28-4—1BB-CD3( cancer
MSLN ScFV—4—1BB-CD3( Ovarian China 2021
cancer
TM4SF1  ScFV-CD8- Ovarian  China Yijie Shen 2023
CD28-4-1BB-CD3( cancer
CLDN18.2 ScFV-CD8a—4—-1BB- Pancreat- China Changsong 2022
CD3C ic cancer Qi
CEA SCA431scFv-IlgG1-  Pancreat- Ger-  Markus 2012
CD4-CD28-CD3¢ iccancer many Chmielews-
ki
MUC1 ScFV—4—1BB-CD3( Pancreat- USA Posey 2016
ic cancer
Trop2 2F11scFv- Pancreat- China Hongjia 2022
CD8—4—1BB-CD3C ic cancer Zhu
EGFR Pancreat- China Yang Liu 2020
ic cancer
SSEA—4  ScFV-CD28-CD3(  Pancreat- China Chih-Wei 2021
ic cancer Lin
TSHR ScFV-CD28-4-1BB- Thyroid ~ China Hanning Li 2021
CD3¢ cancer
ICAM—=1  ScFV-CD28-4-1BB- Thyroid  USA  Irene M. 2017
CD3C cancer Min
GFRa4 ScFV-CD137-CD3¢  Thyroid ~ USA  Vijay G. 2020
cancer Bhoj
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underscoring the potential risks associated with CEA-
CAR-T cell therapy [84]. While CEA demonstrates
promise as a potential target for the treatment of PC,
additional research is imperative to address these afore-
mentioned concerns.

EGFR

Epidermal growth factor receptor (EGFR) is expressed
in roughly 70-90% of patients with metastatic PC and
is linked to unfavorable prognoses, thereby substantiat-
ing its potential as a target for addressing metastatic PC
[85-88]. Liu et al. [89] conducted a Phase I clinical trial
to evaluate the safety and efficacy of autologous CAR-T
cells targeting anti-EGFR (EGFR-CAR-T) in patients
afflicted with metastatic PC. Their findings demonstrated
that anti-EGFR-CAR-T cells not only displayed specific
antitumor activity but also successfully infiltrated tumor
tissues. This study provided evidence showcasing the
safety and efficacy of CAR-T cell therapy targeting EGFR
in patients dealing with metastatic PC.

Trop2

Tumor-associated calcium signal transducer 2 (Trop2),
also designated as TACSTD?2, is a member of the TAC-
STD family [90]. Trop2 is extensively overexpressed as a
tumor-associated antigen in diverse cancers, positioning
it as a promising target for the immunotherapy of PC.
Zhu et al. [91] engineered CAR-T cells featuring a fully
human scFv specifically targeting Trop2. These CAR-T
cells exhibited both substantial expansion and selec-
tive cytotoxicity against Trop2-positive PC cell lines in
vitro settings, alongside the secretion of elevated levels
of cytotoxic cytokines. Furthermore, they demonstrated
sustained circulation, transient expansion within tumor
tissues, and the substantial inhibition or eradication of
pancreatic tumor xenografts in mice. These findings pro-
pose that CAR-T cells equipped with a fully human scFv
targeting Trop2 hold promise as a prospective strategy
for treating PC.

MuUCi

Mucin 1 (MUC1) is a transmembrane glycoprotein
expressed on the apical surface of epithelial cells and has
been designated as the second-largest target antigen by
the National Cancer Institute [92]. Its overexpression
in roughly 90% of PDAC patients suggests its potential
as a diagnostic, prognostic, and therapeutic marker for
PDAC [84]. Table 1 is an innovative monoclonal anti-
body with selective affinity for tumor-associated MUC1
(tMUC1), while sparing recognition of the normal MUC1
form [93, 94]. Yazdanifar et al. [95] engineered CAR-T
cells targeting anti-tMUC1 using the highly specific
Table 1 and demonstrated that these CAR-T cells effec-
tively restrained the growth of pancreatic tumors. While
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many PDAC tumor cells can be effectively destroyed by
CAR-T cells, there are still some PDAC tumor cells that
exhibit high levels of drug resistance. This is not surpris-
ing, as PDAC is known to be immunoresistant and dif-
ficult to treat. Thus, while the MUC1 antigen presents
substantial potential for CAR-T cell therapy in PDAC, a
deeper understanding of mechanisms underlying PDAC
immune resistance is imperative to enhance treatment
safety and efficacy.

CLDN18.2

Claudin18. 2 (CLDN18. 2) is a gastric-specific mem-
brane protein that, together with occludin, forms a criti-
cal component of tight junctions. It is notably elevated
in malignant tumors, including PDAC [96, 97]. Liu et
al. [98] have developed CAR-T cells targeting CLDN18.
2, which were found to recognize tight junction proteins
highly expressed in PDAC and exhibit anti-tumor effects.
Moreover, preliminary data from a Phase I clinical trial
(NCTO03874897) suggest that CLDN18. 2-CAR-T cells
are safe and demonstrate some anti-tumor activity in
advanced gastrointestinal tumors, including PDAC [99].
These studies indicate that CLDN18. 2-CAR-T cells could
show certain effectiveness in the treatment of PDAC.

TSHR

The thyroid-stimulating hormone receptor (TSHR) is a
transmembrane glycoprotein receptor situated on chro-
mosome 14q31, constituting a member of the G protein-
coupled receptor subfamily [100]. TSHR is persistently
elevated in a majority of differentiated thyroid cancers
(DTCs), with expressions of 90. 8% in papillary thyroid
carcinoma (PTC), 89. 2% in follicular thyroid carcinoma
(FTC), 78. 2% in neck lymph node metastases, and 86.
7% in radioactive iodine-refractory (RAI-R) disease.
These attributes underscore the potential of TSHR as a
viable target for CAR-based therapy in thyroid carci-
noma [100, 101]. Zhou et al. [102] engineered a TSHR-
targeting CAR-T cell using second-generation CAR
technology and substantiated its viability for addressing
TSHR-positive TCs through in vitro experiments. Li et
al. [103] additionally demonstrated the safety and effec-
tiveness of TSHR-CAR-T cell therapy in both in vitro
and in vivo settings. The findings revealed its capacity to
proficiently eradicate TSHR-positive DTC tumor cells in
vitro and xenograft models, all while not provoking sub-
stantial toxicity. Moreover, Ding et al. [104] employed
TSHR + CD19-CAR-T therapy in a patient with relapsed
and refractory TC, employing a fusion of second-
generation CAR constructs targeting both TSHR and
CD19. They noted substantial expansion of antitumor
CAR-T cells in the patient, resulting in partial remission
within three months and well-tolerated effects. These
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observations posit CAR-T therapy as a conceivable strat-
egy for managing relapsed and refractory TC.

GFRa4

Glial cell-derived neurotrophic factor (GDNF) family
receptor alpha 4 (GFRa4) has been posited as a prospec-
tive antigen target for CAR-based therapy in metastatic
medullary thyroid carcinoma (MTC) [105]. Vijay et al.
[106] discovered significant expression of GFRa4 in met-
astatic MTC, thyroid parafollicular cells derived from
MTC, and the normal thymus. They isolated two scFv
targeting GFRa4 subtypes a and b via antibody phage
display. Subsequently, they constructed a CAR incorpo-
rating CD3( and CD137 co-stimulatory domains, engi-
neered to target GFRa4. This CAR-T immunotherapy,
aimed at GFRa4, exhibited cytotoxicity, cytokine produc-
tion, and substantial therapeutic impact against tumors
derived from metastatic MTC TT cell lines in vitro, as
well as in xenograft models of immunodeficient mice. In
summary, this investigation has recognized and validated
GFRa4 as a promising and validated therapeutic target
for treating metastatic MTC.

ICAM1

Intercellular adhesion molecule 1 (ICAMI1, CD54) is a
cell surface glycoprotein belonging to the immunoglob-
ulin superfamily. Its expression can be induced by cyto-
kines [107]. ICAM-1 RNA and protein expression levels
correlate positively with the invasive capacity of TC [108,
109], thereby rendering it a conceivable biomarker and
intervention target for TC treatment. Min et al. formu-
lated a third-generation CAR targeting ICAM-1, resulting
in ICAM-1-CAR-T cells that displayed robust cytotoxic-
ity against cell lines of PTC and anaplastic thyroid car-
cinoma (ATC) in vitro. Furthermore, notable therapeutic
outcomes were witnessed in an animal model harbor-
ing tumors derived from ATC patients [110]. Addition-
ally, they noted that sustained ICAM-1 expression on
tumor cells heightened their susceptibility to destruction
mediated by CAR-T cells [111]. Subsequently, Vedvyas
et al. [112] designed CAR-T cells targeting ICAM1 that
displayed specificity against TC tumor cells. Their find-
ings indicated that tumors showing elevated ICAM-1
expression within or proximate to tumor tissues could
potentially be more receptive to CAR-T cell-mediated
elimination, facilitated by T-cell cytokines such as IFN-y
inducing ICAM-1 expression.

Challenges in CAR-T cell therapy

Although CAR-T cell therapy has proven effective in
hematologic malignancies and demonstrated relative suc-
cess in preclinical investigations of certain solid cancers,
several challenges remain in the context of treating endo-
crine cancers. These challenges encompass issues such as
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Fig. 4 The figure illustrates the main challenges associated with CAR-T cell therapy for various endocrine cancers. These challenges include off-target
effects, tumor antigen escape, tumor heterogeneity, cytokine release syndrome, and the immunosuppressive tumor microenvironment (TME)

off-target effects, tumor antigen escape, tumor heteroge-
neity, cytokine release syndrome, and the presence of an
immunosuppressive TME, as illustrated in Fig. 4.

Off-target effects

The optimal target for CAR-T cell therapy should exclu-
sively reside on tumor cells, enabling CAR-T cells to effi-
ciently recognize and eliminate them. As a result, when
both tumor and non-tumor tissues harbor the target cells,
CAR-T cells may inadvertently eradicate normal cells
alongside tumor cells. This situation heightens the poten-
tial for immune-mediated toxicity [59]. This phenom-
enon represents an off-target effect. For instance, since
MSLN is expressed in both tumor cells and certain nor-
mal tissues, such as the pleura and peritoneum, CAR-T
cells targeting MSLN may trigger off-target effects that
negatively impact healthy tissues [113]. Furthermore,
due to the limited availability of accessible TSAs, the
TAAs currently employed in CAR-T cell therapy pre-
dominantly derive from overexpressed endogenous cell

surface proteins. This overlap in antigen expression can
lead CAR-T cells to inadvertently recognize the same
antigens present on healthy tissues, resulting in off-target
toxicity [114]. Therefore, if the target protein of CAR-T
cells is expressed in normal epithelial cells, it could lead
to severe consequences [115].

Tumor immune escape

The effectiveness of CAR-T cell therapy for solid tumors
is suboptimal, primarily attributed to immune eva-
sion mechanisms within the TME of solid tumors [116].
Within the realm of solid tumors, heightened expres-
sion of immune checkpoints dampens T cell immune
responses [117], thereby facilitating tumor cell prolifera-
tion, invasion, and metastasis—a phenomenon termed
immune evasion. Engineered T cells, including CAR-T
cells, are also susceptible to immune checkpoint block-
ade, particularly via the PD-1/PD-L1 pathway [118, 119].
This results in compromised T cell expansion and persis-
tence, leading to either weak or no response to CAR-T
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cell therapy in patients [120, 121]. Nonetheless, immune
evasion instigated by the TME is an inevitable occur-
rence within the body [122]. Consequently, guided by the
mechanisms of tumor antigen evasion, investigators have
delved into diverse strategies to thwart immune eva-
sion. These strategies encompass bispecific CAR-T cells,
tandem CAR-T cells, combinatorial drug therapy with
CAR-T cells, and co-transduced CAR-T cells [35].

Tumor heterogeneity

Following the eradication of antigen-positive target
cells, the intrinsic heterogeneity of tumors permits the
unabated proliferation of antigen-negative tumor cells
[123]. The heterogeneity in the expression of tumor anti-
gens stands as a noteworthy concern across all CAR-T
cell-based cancer therapies, representing a pivotal
impediment to effective CAR-T cell function within solid
tumors [124]. As an illustration, the scrutiny of MUC]1,
MUC16, and TAG72 expression in diverse subtypes of
patient samples with OC accentuates the antigenic het-
erogeneity inherent to this malady, unveiling aberrant
profiles of cell surface glycoprotein expression [79]. This
makes it challenging for a single type of CAR-T cells to
effectively kill all tumor cells, leading to issues in select-
ing TSAs. This difficulty also poses a limiting obstacle
to the specificity and widespread application of CAR-T
cells.

CRS

CRS represents a potential, profoundly systemic tox-
icity reaction that emerges subsequent to CAR-T cell
therapy. CRS is incited by the activation and prolifera-
tion of T cells, leading to heightened circulating levels
of cytokines, encompassing C-reactive protein, interleu-
kin-6 (IL-6), and interferon-gamma [3]. Swift escalation
of cytokine levels can prompt mild manifestations in CRS
patients, encompassing fever, fatigue, headache, rash, and
joint pain, alongside pronounced symptoms such as sys-
temic inflammatory response, shock, multi-organ failure,
vascular leakage, disseminated intravascular coagulation,
and potentially mortality. Consequently, CRS assumes
substantial prominence, demanding adept teams for
recurrent patient monitoring within intensive care units
[125, 126].

Immunosuppressive nature of TME

The immunosuppressive nature of the TME, particularly
in the case of PC [127], stands as a paramount impedi-
ment in CAR-T cell therapy for solid tumors. Mounting
evidence underscores the characterization of the TME
in PDAC by immune expansion and a suboptimal active
matrix, encompassing constituents such as cancer-asso-
ciated fibroblasts (CAFs), tumor vasculature, immune
cells, and extracellular matrix (ECM) [128]. Within
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these components, CAFs, fundamental constituents of
the PDAC TME, emerge as salient and dynamic entities
[128]. Abundant studies have consistently showcased the
establishment of an adversarial TME by CAFs, aimed
at circumventing tumor immunity, which encompasses
counteraction against cytotoxic T cell assaults [128—130].
Moreover, CAFs initiate immune crosstalk via the secre-
tion of chemokines and cytokines, disrupting T cell func-
tionality and attracting tumor-associated macrophages
(TAMs), regulatory T cells (Tregs), and myeloid-derived
suppressor cells (MDSCs) [129, 131]. Furthermore,
within the context of immune evasion by PC, the TME
assumes a substantial role in constructing immune sur-
veillance barricades and imposing immune inhibitory
attributes [127, 132]. This compromises the persistence
and function of the transplanted T cells [133-135]. For
instance, PDAC is typified by an extensively immuno-
suppressive TME, which confines T cell infiltration and
triggers a deterioration in T cell function, culminating in
the arduous survival of CAR-T cells and, consequently, a
reduction in their therapeutic efficacy. Additionally, the
biochemical attributes of the tumor stroma, encompass-
ing hypoxia, nutrient deficiency, and reduced pH values,
impede the chemotactic prowess of CAR-T cells and, as
a result, undermine their anti-tumor efficacy [136, 137].

Methods to enhance the efficacy of CAR-T cell
therapy

The effectiveness of CAR-T cell therapy is significantly
compromised by the immunosuppressive TME and
off-target effects. In order to enhance the anti-tumor
effectiveness of CAR-T cell therapy, researchers have
undertaken various strategies to tackle these challenges.
For example, approaches aimed at countering the immu-
nosuppressive TME have been investigated to bolster
the survival, migration, and endurance of CAR-T cells in
PDAC [138]. Several preclinical investigations grounded
in this principle are presently underway. This section
will provide an overview of different strategies currently
under evaluation in clinical trials, as depicted in Fig. 5.

Multi-antigen targeting CAR-T cells

The advancement of CAR-T cells poses challenges due to
their targeting of distinctive antigens present on tumor
cells. With the goal of improving target specificity and
mitigating immune escape, scientists have developed
CAR molecules featuring tandem architectures that
simultaneously target two antigens [139]. Both CAR con-
structs displayed anti-tumor activity without disruption.
Moreover, bispecific CAR-T cells have also been formu-
lated. In vitro studies showcased robust cytotoxic impacts
of both bispecific and single-specific CAR-T cells against
diverse iterations of OVCAR-3 cells, particularly under
elevated E/T ratios. Although no notable disparities in
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pated to heighten the specificity of CAR-T therapy. Combined treatment of CAR-T cell therapy with monoclonal antibody immune checkpoint inhibitors
holds promise for preserving CAR-T cell functionality in the tumor microenvironment (TME). CAR-T cells expressing inverted cytokine receptors (ICRs)

exhibit augmented anti-tumor activity

cytotoxicity and cytokine generation emerged between
bispecific and single-specific CAR-T cells, the bispe-
cific CAR-T cells proved incapable of efficiently rousing
CAR-T cells or inducing anti-tumor effects upon interac-
tion with each antigen in isolation. This underscores the
heightened specificity inherent in CAR-T cell therapy. In
summation, methodologies encompassing tandem con-
figurations [140, 141] or bispecific CAR-T cells [122, 142]
have been devised to confer heightened and sustained
therapeutic responses against profoundly antigenic and
heterogeneous tumors.

Combination with checkpoint inhibitors

CAR-T cells can be influenced by suppressive immune
checkpoint signals within the TME, including cytotoxic
T lymphocyte-associated protein 4 (CTLA-4) and the
programmed cell death PD-1 ligand PD-L1. Monoclo-
nal antibodies that target these inhibitory receptors or
ligands have the ability to obstruct their interaction, thus
alleviating suppression of T-cell activity. For example,
ipilimumab, an antibody against CTLA-4, has demon-
strated promising outcomes in the treatment of advanced
melanoma [143]. Notably, monotherapy employing
checkpoint inhibitors has displayed constrained effec-
tiveness in PC; however, the amalgamation with CAR-T
cell therapy presents a strategy to overcome these chal-
lenges [144]. Because both approaches entail immu-
notherapies that target tumor cells through distinct
mechanisms, the integration of CAR-T cells and check-
point inhibitors (e.g., anti-PD-1, anti-PD-L1, anti-TIM-3,
anti-LAG-3 antibodies, particularly anti-PD-1 antibod-
ies) augments anti-tumor responses by obstructing
immune inhibitory functions [145] within the tumor

immune system, substantially advancing the efficacy of
solid tumor therapy. Numerous preclinical investigations
[146—148] have showcased a synergistic impact arising
from the combination of CAR-T cell therapy and PD-1
blockade, culminating in extended survival devoid of
detrimental repercussions. Gargett et al. [149] communi-
cated that the concurrent application of PD-1 checkpoint
inhibitors and CAR-T cells had the potential to magnify
patient responses and augment the endurance of CAR-T
cells. In addition to these strategies, investigations
involving the conjunction of immune checkpoint inhibi-
tors with CAR-T cells targeting mesothelin are currently
underway.

Treatment for CRS

CRS represents a systemic inflammatory response, and
multiple strategies have been devised to monitor and
mitigate this adverse outcome. Therapeutic interven-
tions generally encompass high-dose steroids, respiratory
assistance, vasopressors, and administration of anti-IL-6
receptor antibodies (such as tocilizumab), which have
demonstrated clinical efficacy in certain patients [150]. In
the initial management of CRS, tocilizumab is frequently
employed. This humanized monoclonal antibody spe-
cifically targets the IL-6 receptor and is administered to
ameliorate fever, hypotension, and severe hypoxia; how-
ever, its efficacy in reversing neurological effects has not
been substantiated [151, 152]. Should CRS persist despite
treatment, administering cetuximab becomes a viable
option for eradicating CAR-modified T cells. Cetux-
imab is an FDA-approved drug that targets EGFR and
is known for its favorable tolerability and safety profile.
Individuals experiencing exacerbation of CRS within a
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12-hour period or exhibiting no clinical amelioration
within 24 h following cetuximab administration are sub-
jected to intravenous dexamethasone treatment. Due to
dexamethasone’s robust and non-discriminatory immu-
nosuppressive effects, its application is anticipated to
result in the eradication of any remaining CAR-modified
T cells following cetuximab therapy [153—-155]. Dimin-
ished cytokine levels will promote alleviation of CRS
symptoms in patients; nevertheless, timely intervention,
suitable reversal modalities like tocilizumab or suicide
gene triggers embedded in CAR-T cell structures, and a
heightened awareness of potential toxicity are imperative
[125, 126].

Selection of feasible tumor antigens

The majority of patients with DTC typically undergo
total thyroidectomy or near-total thyroidectomy as the
primary treatment approach [156]. While thyroid hor-
mone replacement therapy can effectively sustain thyroid
function, the scope of antigen selection can be expanded
to encompass thyroid-specific proteins that are co-
expressed in both normal thyroid tissue and DTC. This
expansion goes beyond the realm of TSAs or TAAs. For
example, the TSHR, primarily prevalent in normal thy-
roid follicular epithelial cells, exhibits partial expression
in orbital and tibial anterior fibroblasts of certain patients
with Graves’ disease [157]. In the context of DTC, sub-
stantial data have showcased persistent TSHR expres-
sion, encompassing findings from PCR [158], ligand
binding [159], and immunohistochemistry (IHC) [160].
Hence, TSHR emerges as a viable candidate for targeting
by CAR-T cell therapy against DTC.

Overcoming immunosuppression in TME

The immunosuppressive TME hinders the function and
persistence of CAR-T cells. To enhance the resilience
of CAR-T cells against the TME, a custom-designed
inverted cytokine receptor (ICR) can be engineered. This
involves combining the extracellular domain of the IL-4
receptor with the intracellular domain of the IL-7 recep-
tor (4/7 ICR). CAR-T cells that express the ICR have
demonstrated heightened anti-tumor activity. In addi-
tion, other methods have also emerged, including the uti-
lization of gene-modified oncolytic adenoviruses (OAds).
These OAds selectively express therapeutic transgenes
within the confines of the TME. These viruses locally
express therapeutic genes, thereby counteracting tumor-
induced immune suppression. This mechanism offers a
viable strategy, particularly when used in conjunction
with secondary T-cell transfer. An additional strategy to
manipulate the TME in support of adoptive T-cell therapy
involves locally administering recombinant cytokines.
The targeting of FAP with CAR-T cells has been reported
as a method to modulate the TME. This approach led to
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the expansion and activation of native T cells within the
tumor tissue [161], resulting in a notable reduction in the
abundance of CAFs, ECM content, and vessel density in
the stroma of PDAC. As a consequence, PDAC growth
was constrained. Nevertheless, the exclusive targeting
of FAP using CAR-T cells exhibits limitations, rendering
the anti-tumor effect limited or short-lived [161, 162].
The anti-tumor effect can be enhanced through multiple
injections of CAR T cells, using CAR T cells lacking dia-
cylglycerol kinase, or in combination with vaccines [162].
A recent study conducted using a glioblastoma model
demonstrated that intratumoral administration of IL-12
led to the restructuring of the immunosuppressive TME
and a notable increase in CAR-T cell cytotoxicity [71].
Moreover, the concurrent application of gemcitabine and
rosiglitazone among PDAC patients resulted in a reduc-
tion of tumor progression, metastasis, and an enhance-
ment in overall survival. The introduction of rosiglitazone
brought about modifications in tumor-inhibitory media-
tors, consequently rendering the TME more immuno-
genic [163]. Likewise, metformin was observed to elevate
CD8 + tumor-infiltrating lymphocytes (TILs) within the
TME [164]. Hence, the concurrent utilization of CAR-T
cell therapy along with rosiglitazone or metformin is
anticipated to mitigate the immunosuppressive attributes
of the TME and bolster therapeutic effectiveness.

Cellular redirection

To overcome the challenge of inadequate trafficking of
CAR-T cells to the TME, multiple studies have imple-
mented targeting strategies to guide these cells towards
prominent cell surface molecules linked with PC [138].
For example, the chemokine receptor CCR2 has been
effectively introduced into meso-CAR-T cells. When
contrasted with conventional CAR-T cells, meso-CAR-
T cells demonstrated augmented T-cell infiltration and
heightened anti-tumor activity. Likewise, FAP has gar-
nered attention as a prospective target antigen for CAR-T
cells. Tran et al. [165] devised an innovative CAR-T cell
strategy that steers the cells towards engagement with
FAP. Subsequently, these cells were introduced into
murine models featuring diverse subcutaneous tumors,
encompassing PC. It is noteworthy, however, that this
approach could potentially lead to cachexia and fatal
bone toxicity, thereby curtailing its applicability as a uni-
versally applicable target for CAR-T cell therapy.

Novel fab-CAR design

Conventional CARs consist of a scFv and intracellu-
lar signaling domains. Preliminary clinical data indicate
the significant potential of conventional CAR-T cells in
managing leukemia or lymphoma [64, 114, 166]. None-
theless, various unknown factors underlie the relatively
limited ability of conventional CAR-T cells to elicit
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comprehensive tumor responses and the emergence of
off-target effects [167—170]. A plausible explanation for
these unsatisfactory outcomes might be the relatively
modest affinity of scFv and swift decline in peripheral
blood CAR-T cells after administration. To surmount
these challenges, Duan et al. engineered an innovative
CAR by combining antibody Fab fragments with intrinsic
TCRsignaling domains [171]. Data indicate that T cells
expressing membrane-bound Fab-CARs efficiently elimi-
nate tumor cells while consistently releasing cytokines
such as IL-2 and IFN-y. This enhanced efficacy is attrib-
uted to the superior stability and affinity of Fab fragments
compared to single-chain variable fragments (scFv). By
employing Fab in place of scFv, we can effectively miti-
gate issues related to scFv aggregation while preserving
robust antigen recognition. Consequently, the innovative
Fab-CAR has the capability to recognize MHC-indepen-
dent tumor antigens, extend the longevity of CAR-T cells,
and yield enduring clinical effects.

iPSC-derived CAR-T cells

CAR-T cell therapy has become an important approach
for treating certain cancers. However, traditional sources
of CAR-T cells, such as peripheral blood T cells, often
face issues like TCR-mediated autoimmune responses
and functional instability [172]. Induced pluripotent stem
(iPS) cells, due to their unlimited proliferation and plu-
ripotency, have emerged as a new research direction for
generating specific types of CAR-T cells [173]. Currently,
research teams have successfully generated CAR-T cells
that lack TCR but express CD8af by utilizing iPS cells,
employing precise gene editing techniques to remove the
TCR gene and specific cell differentiation strategies. The
modified CAR-T cells demonstrated good proliferation
capacity and anti-tumor effects [174]. iPS cells provide
new ideas and methods for the research and development
of CAR-T cells, with the potential to enhance the efficacy
and safety of CAR-T therapies in the future, thereby pro-
moting the advancement of precision medicine.

Conclusion

The remarkable outcomes of CAR-T cell therapy in
hematological malignancies and the promising initial
results in endocrine tumors, such as PC, OC, and TC,
have catalyzed numerous clinical trials in these medical
conditions. CAR-T cell therapy introduces a novel avenue
for treating endocrine cancers, providing a viable alter-
native for diverse treatment-resistant endocrine tumors.
Nonetheless, owing to the intricacy of human physiol-
ogy and the existence of multiple unidentified variables,
hurdles such as the absence of appropriate CAR-T cell
targets, tumor antigen evasion, immunosuppressive
cells within the TME, and off-target effects impede the
effectiveness of endocrine cancer treatment. Enhanced
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comprehension of the TME, enhanced approaches to
mitigate off-target effects of CAR-T cell therapy, analysis
of the underlying causes of monotherapy immunother-
apy shortcomings, and integration of novel drugs with
CAR-T cell therapy hold the potential to bolster the effec-
tiveness of endocrine cancer treatment. The expansion of
CAR-T cell therapy into the realm of endocrine cancers
is in its nascent stages, marked by swift advancements in
this domain. We maintain an optimistic perspective that
in the imminent future, CAR-T cell therapy, whether as
standalone therapy or in combination, will ameliorate the
prognosis and survival of individuals afflicted by endo-
crine cancers.
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