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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal gastrointestinal cancers,

marked by late diagnosis, rapid progression, and resistance to treatment, resulting in a five-

year survival rate below 10%. Chimeric antigen receptor T-cell (CAR T-cell) therapy has

shown success in hematologic malignancies, sparking interest in its potential for solid tumors

like PDAC. This paper reviews current knowledge on CAR T-cell therapy in PDAC, focusing

on challenges, future prospects, and available studies.

Methodology

This literature review is based on a search of PubMed and Google Scholar for publications

from the last 10 years. Fifty sources, including original studies, reviews, and clinical reports,

were analyzed with focus on mechanisms of action, preclinical/clinical outcomes, safety, and

toxicity.

Results

Studies show that CAR T-cell therapy can stabilize PDAC and even induce remission when

targeting tumor-specific antigens. However, major obstacles remain: poor tumor penetration,

toxicity (e.g., cytokine release syndrome), and "on-target, off-tumor" effects. Clinical trials

report modest CAR T-cell expansion and persistence, suggesting the need for improved design

and strategies.

Conclusions

While CAR T-cell therapy for PDAC is promising, its effectiveness is hindered by the tumor

microenvironment and side effects. Future directions include better antigen targeting,
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modified CAR constructs, combination therapies, and personalized or allogeneic CAR T-cell

approaches to enhance outcomes in this difficult-to-treat cancer.

Keywords: pancreatic cancer, PDAC, CAR T-cell, immunotherapy, mesothelin, CEA,

CLDN18.2, PSCA, HER2, CD133, tumor microenvironment

1. Introduction to Pancreatic Cancer

Pancreatic cancer, specifically pancreatic ductal adenocarcinoma (PDAC), is a serious

malignancy characterized by complex pathogenesis and generally poor prognosis [1,4]. The

incidence of pancreatic cancer is increasing worldwide [1]. Its often asymptomatic course and

diagnostic difficulties contribute to low survival rates [4]. The primary treatment method for

resectable tumors is surgery followed by adjuvant chemotherapy, while chemotherapy

remains the mainstay for unresectable and metastatic cases [4].

The risk of developing the disease increases with age [5]. The most significant risk factors

include smoking, overweight and obesity, long-term alcohol abuse, and a history of chronic

pancreatitis [5,7]. Diabetes, a positive family history, and genetic predispositions are also

important contributors [6].

The tumor microenvironment (TME) plays a crucial role in the pathogenesis of pancreatic

cancer. It forms a complex and dynamic network surrounding the cancer cells, often described

as an “impenetrable web.” It consists of immune cells, cytokines, metabolites, fibroblasts, and

a dense desmoplastic stroma rich in hyaluronan [3]. The TME is essential in tumor

progression and treatment response, as it enables cancer cells to evade immune surveillance

and suppress immune responses [2,3]. A significant component of this microenvironment is

cancer-associated fibroblasts (CAFs) [2,6].

Unfortunately, the prognosis for pancreatic cancer is generally poor due to late detection,

early dissemination, aggressive local tumor growth, and the limited efficacy of current

therapies [3,4]. Most patients are diagnosed at an advanced stage, often with distant

metastases [2]. Despite advancements in research, pancreatic cancer remains one of the most
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difficult cancers to treat [1]. The five-year survival rate for sporadic pancreatic cancer does

not exceed 10% [4].

2. Traditional Treatment Methods and Their Limitations

Traditional treatment methods for pancreatic cancer mainly include surgery, chemotherapy,

and radiotherapy [8].

2.1 Surgery

Surgery, particularly pancreatoduodenectomy (Whipple procedure), distal or total

pancreatectomy, is a potentially curative option, but only for a limited number of patients with

resectable tumors [9]. Achieving an R0 resection (microscopically negative surgical margins)

is crucial, as it is associated with significantly better survival outcomes compared to R1

resections (microscopically positive margins) [9]. However, even after R0 surgery, the risk of

disease recurrence remains high [10]. Moreover, these surgical procedures carry a significant

risk of complications [10].

2.2 Chemotherapy

Chemotherapy is used in various stages of the disease. In unresectable and metastatic

pancreatic cancer, it serves a palliative role aimed at improving survival and quality of life,

but it does not result in a cure [10]. Regimens such as FOLFIRINOX and gemcitabine with

nab-paclitaxel have shown improvement in median overall survival compared to gemcitabine

monotherapy [8,9,10]. In the context of adjuvant (postoperative) and neoadjuvant

(preoperative) treatment, chemotherapy aims to eliminate micrometastases and improve R0

resection rates, though its definitive efficacy is still under investigation [9,10]. Studies often

demonstrate limited or inconclusive survival benefits, and chemotherapy regimens can be

highly toxic [9,10].

2.3 Radiotherapy

Radiotherapy, like chemotherapy, plays a role in the treatment of pancreatic cancer,

particularly in locally advanced disease [8]. However, the evidence supporting its

effectiveness—especially in the adjuvant setting—is inconsistent [10]. Many studies have not
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shown significant survival benefits, and in some cases, radiotherapy may even be harmful

[6,10]. Neoadjuvant chemoradiotherapy shows some promising results in improving R0

resection rates and survival in borderline resectable tumors, but it still requires further

investigation in phase III trials [9,10].

As evident, traditional treatment methods for pancreatic cancer have limited effectiveness due

to the advanced stage at diagnosis in most patients [9], the high risk of recurrence after

surgery [9,10], significant chemotherapy toxicity, and the inconclusive benefits of

radiotherapy [10]. This highlights the need for the development of new, more effective

therapies [8,10].

3. What is CAR T-Cell Therapy?

CAR T-cell therapy is an advanced form of immunotherapy in which a patient’s T

lymphocytes are genetically modified to combat cancer cells [11,12].

This process involves collecting T cells from the patient and introducing, in the laboratory, a

gene encoding a chimeric antigen receptor (CAR) [12]. The CAR enables the modified T cells

to recognize cancer cells, become activated, and release cytotoxic substances, ultimately

leading to the destruction of these cells [12].

A CAR is an artificially engineered protein composed of an extracellular domain that

recognizes a specific antigen on cancer cells, a transmembrane domain, and an intracellular

signaling domain [11]. After the modified T cells are infused back into the patient, the CAR

binds to the antigen on cancer cells, activating the T cell to destroy them [11].

CAR T-cell therapy has been extensively studied and applied, particularly in hematologic

malignancies such as acute myeloid leukemia (AML), where various target antigens like

CD33 and CD123 are being explored [13]. In solid tumors, CAR T-cell therapy is under

investigation and in limited use, though its application is more complex and generally in

earlier stages of development compared to blood cancers [14].

Despite promising results, CAR T-cell therapy faces several challenges, including difficulties

in T-cell penetration into the tumor mass due to physical barriers and the immunosuppressive

tumor microenvironment, antigen heterogeneity in solid tumors (not all tumor cells may

express the target antigen), and “on-target, off-tumor” toxicity (when CAR T cells attack

healthy tissues that also express the target antigen at lower levels) [11,17].
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Additionally, observed toxicities include cytokine release syndrome and neurotoxicity, along

with the possibility of tumor escape through loss of the target antigen [12,14,15,16].

4. Challenges of CAR T-Cell Therapy in the Treatment of Pancreatic Cancer

4.1 Tumor Microenvironment (TME)

The complex tumor microenvironment (TME) of pancreatic cancer presents unique barriers

that hinder the efficacy of CAR T-cell therapy [19,20,23].

- Desmoplasia and stromal barrier

The abundant tumor stroma—composed of extracellular matrix components and cancer-

associated fibroblasts (CAFs)—creates a physical barrier that limits the infiltration of CAR T

cells [18–24].

- Heterogeneous antigen expression

The non-uniform expression of target antigens on pancreatic cancer cells may reduce the

effectiveness of CAR T-cell therapy [18,20,23].

- Immunosuppression within the TME

The TME of pancreatic cancer contains immunosuppressive cells (e.g., T regulatory cells

[Tregs], myeloid-derived suppressor cells [MDSCs], tumor-associated macrophages [TAMs]),

immunosuppressive cytokines (e.g., IL-6, TGF-β), and immune checkpoint molecules that

inhibit CAR T-cell responses [18–24].

- Inefficient trafficking and infiltration of T cells into the tumor

CAR T cells may have difficulty reaching and infiltrating the tumor site due to physical and

biochemical barriers [18,19,24].

4.2 Toxicity
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Toxicities associated with CAR T-cell therapy have been observed in pancreatic cancer,

similar to those reported in other cancers [20]. These include cytokine release syndrome (CRS)

and neurotoxicity, which require careful monitoring and management.

4.3 “On-Target, Off-Tumor” Effects

Recognition of target antigens that are also present on healthy tissues may lead to unintended

toxicity and damage to non-cancerous cells [23,24].

5. Target Antigens for CAR T-Cell Therapy in Pancreatic Cancer

5.1 Mesothelin (MSLN)

Mesothelin is the most extensively studied target for CAR T-cell therapy in pancreatic cancer

[24].

It is a cell surface protein that, under normal physiological conditions, is expressed at low

levels in mesothelial cells lining body cavities such as the peritoneum, pleura, and

pericardium [29,32]. It is also minimally expressed on epithelial cells of the trachea, ovaries,

rete testis, tonsils, and fallopian tubes [29].

However, mesothelin is overexpressed in various solid tumors, including pancreatic cancer,

and its overexpression often correlates with poor prognosis [29,32].

Its biological function in normal tissues appears to be non-essential, as mesothelin knockout

mice develop and reproduce normally [29]. In cancer cells, aberrant mesothelin expression

plays an active role in malignant transformation and tumor aggressiveness, promoting cancer

cell proliferation, local invasion, metastasis, and resistance to apoptosis induced by cytotoxic

agents [29].

Due to its high expression in a wide range of solid tumors and limited expression in normal

tissues, mesothelin has become an attractive target for cancer immunotherapy, including CAR

T-cell therapy [29].

5.2 Carcinoembryonic Antigen (CEA)

CEA is a cell surface glycoprotein that is overexpressed in many cancers, including pancreatic

cancer [31]. High CEA expression is associated with poor prognosis [23,24,25]. Its
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expression is significantly elevated in various gastrointestinal tumors [35], including

approximately 75% of pancreatic cancer cases [31]. CEA can also be measured as a tumor

marker in the blood [35].

Preclinical studies in mouse models of pancreatic cancer have demonstrated that CEA-

targeted CAR T cells can effectively eliminate orthotopic tumors without inducing

autoimmune colitis in mice [28,29,32,35]. One study showed long-term tumor eradication in

67% of mice [28,32,34,35]. A meta-analysis of preclinical studies revealed that CEA-targeted

CAR T cells demonstrated significantly increased cytotoxic activity [34].

5.3 Claudin 18.2 (CLDN18.2)

Claudin 18.2 is an isoform of claudin 18, a member of the tight junction protein family [28].

In healthy tissues, CLDN18.2 expression is restricted to differentiated epithelial cells of the

gastric mucosa [25,33]. During tumorigenesis in pancreatic (PDAC), gastric, and

gastroesophageal junction cancers, loss of cell polarity exposes the Claudin 18.2 epitopes. As

a result, CLDN18.2 is strongly expressed in these cancers and in distant metastases [28,33].

CLDN18.2 is positive in over 50% of pancreatic cancer cases, with the majority showing high

expression levels [33]. Due to its restricted expression in normal tissues and high expression

in pancreatic cancer, CLDN18.2 is considered an ideal target for CAR T-cell therapy in

advanced or metastatic PDAC [28,33,35].

5.4 Prostate Stem Cell Antigen (PSCA)

PSCA is a glycoprotein anchored to the cell membrane via a glycosylphosphatidylinositol

(GPI) linkage [22]. Its exact function is largely unknown, though it is believed to be involved

in intracellular signal transduction [22]. In normal tissues, PSCA is found at low levels in

epithelial cells of various organs [22].

PSCA is abnormally overexpressed in several cancers, including nearly 60% of primary

pancreatic ductal adenocarcinomas (PDAC), while it is not detected in normal pancreatic

ducts [22]. This makes PSCA a specific biomarker for PDAC patients and a promising target
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for CAR T-cell therapy [22]. A significant advantage of targeting PSCA is its elevated

expression already in the early stages of pancreatic tumorigenesis, including in preinvasive

intraductal lesions [22].

5.5 HER2

HER2, also known as human epidermal growth factor receptor 2 (or ERBB2), is a

transmembrane glycoprotein with tyrosine kinase activity, belonging to the EGFR receptor

family [18].

Under physiological conditions, HER2 plays a key role in the regulation of proliferation and

differentiation of epithelial, mesenchymal, and neural cells [18].

However, HER2 is overexpressed in various cancers, including breast, gastric, and lung

cancers, and—as recent studies suggest—in pancreatic cancer [32,35]. It is estimated that

HER2 is overexpressed in 20% to 60% of pancreatic cancer cases [18,32,35]. In tumor cells,

HER2 overexpression contributes to increased proliferation, invasion, and metastasis [35].

Therefore, HER2 is an important biomarker and therapeutic target in several cancers,

particularly breast cancer [32,35]. In the context of CAR T-cell therapy, HER2 is being

considered as a potential target antigen for pancreatic cancer treatment [28,32].

5.6 CD133

CD133 is a transmembrane glycoprotein expressed on hematopoietic stem cells in healthy

tissues [32].

It has been shown to be highly expressed on pancreatic cancer stem cells in 60–80% of PDAC

cases, as well as in other cancers such as hepatocellular and gastric carcinomas [18]. Cancer

stem cells are believed to play a key role in the development and progression of pancreatic

cancer, including the formation of early metastases [22].

5.7 Mucin 1 (MUC1)
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Mucin 1 (MUC1) is a transmembrane glycoprotein normally located on the apical surface of

epithelial cells [30]. Under physiological conditions, MUC1 plays an important role in cell

signaling, adhesion, and differentiation [25].

In cancer cells, including those of breast, colon, and pancreatic adenocarcinomas, MUC1 is

abnormally glycosylated and overexpressed [21,22,25]. It has been recognized as the second

most promising cancer target antigen by the National Cancer Institute [30].

In pancreatic cancer, the tumor-associated form of MUC1 (tMUC1) is overexpressed in more

than 80% of PDAC cases [30].

Other antigens under investigation include: CD70 [22,23], Fibroblast Activation Protein (FAP)

[22,23,24], ROBO1 [18], EPH receptor A2 (EphA2) [25], Trophoblast cell-surface antigen 2

(Trop-2) [20,26], and EpCAM [22,23].

5. Review of Current Clinical Trials

6.1 Mesothelin as a Target Antigen

A phase I trial (NCT01897415) evaluated the safety and efficacy of intravenous infusions of

CARTmeso cells in six patients with chemotherapy-resistant metastatic pancreatic cancer

[27,28]. No cytokine release syndrome (CRS), neurological symptoms, or dose-limiting

toxicities were observed [27,28]. Two patients achieved disease stabilization, with

progression-free survival of 3.8 and 5.4 months, respectively [20,22,27]. One patient with

mesothelin expression on biopsy showed a 69.2% reduction in metabolically active tumor

volume, including complete disappearance of FDG uptake in liver lesions [18]. CAR

expression was transient [27]. The results suggest potential antitumor activity of mRNA

CARTmeso cells [27].
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Another phase I study (NCT02159716) assessed the safety and feasibility of second-

generation lentivirus-transduced CAR T cells targeting mesothelin in solid tumors [28]. Five

of the 15 patients enrolled had pancreatic cancer [28]. Patients received a single intravenous

infusion of anti-MSLN CAR T cells (1–3 × 10⁷ or 1–3 × 10⁸ cells/m²), with or without

lymphodepleting cyclophosphamide [28]. No significant antitumor activity was observed; the

best response was disease stabilization [28]. CAR T cells showed moderate expansion and

poor persistence [28]. A phase I trial (NCT01355965) also investigated mesothelin-targeted

mRNA CAR T-cell therapy in pancreatic cancer [29,39]. This study demonstrated that the

therapy was safe and feasible in patients with advanced solid tumors, including one patient

with metastatic pancreatic cancer who derived clinical benefit [29,30]. The therapy was well

tolerated with no significant "on-target, off-tumor" toxicity (e.g., pleuritis, pericarditis,

peritonitis) or severe CRS [18,29].

Additional trials targeting mesothelin include NCT03054298, NCT03323944, NCT02706782,

NCT02959151, NCT02580747, NCT03182803, NCT03638193, and NCT03747965 [18,31].

6.2 CEA as a Target

The clinical trial NCT01212887, evaluating CEA-targeted CAR T cells in various advanced

cancers, including pancreatic cancer, was terminated due to respiratory toxicity and lack of

sustained therapeutic response [22,46]. The likely cause of toxicity was CEA expression on

lung epithelium, which was exacerbated by preconditioning [22]. Similar issues were reported

in another trial using CEA-targeted TCR-T cells in metastatic colorectal cancer [22]. Despite

these challenges, clinical trials continue to evaluate the safety and efficacy of CEA-targeted

CAR T cells in CEA-positive cancers, including pancreatic and gastrointestinal tumors [25].

In trial NCT02850536, CAR T therapy was shown to be safe. One pancreatic cancer patient

with liver metastases achieved a complete metabolic response lasting 13 months [49].

Trial NCT02349724 evaluated the safety and efficacy of CEA-targeted CAR T therapy in

patients with metastatic CEA-positive colorectal cancer. Among 10 patients, 7 with

progressive disease achieved disease stabilization. Two maintained stable disease for over 30

weeks, and two showed tumor reduction on PET/CT and MRI scans [36]. Other ongoing

studies include NCT05538195.
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6.3 Claudin 18.2 (CLDN18.2) as a Target

An open-label, single-arm phase Ib trial (NCT04404595) studied autologous CAR T cells

(CT041) in patients with CLDN18.2-positive advanced gastric or pancreatic adenocarcinoma.

Eleven patients were enrolled (5 with gastric and 6 with pancreatic cancer). No dose-limiting

toxicities, treatment-related deaths, severe CRS, ICANS, or gastrointestinal toxicities were

observed. Of the first five pancreatic cancer patients assessed, two had stable disease with

tumor shrinkage, and three experienced disease progression after initial biochemical response

[43].

Trial NCT03159819 evaluated CAR-CLD18 T therapy in advanced gastric and pancreatic

adenocarcinomas [18]. Treatment was well tolerated, with all CRS cases being grade 1 or 2.

Among 11 evaluable patients, 1 achieved complete response (gastric cancer), 3 partial

responses (2 gastric, 1 pancreatic), 5 stable disease, and 2 disease progression. The overall

response rate was 33.3%, and the median progression-free survival was 130 days [50].

In phase I trial NCT03874897, CT041 CAR T therapy was tested in CLDN18.2-positive

tumors, including five pancreatic cancer patients: one achieved partial response, three had

stable disease, and one showed no response. Adverse events included grade ≥3 hematologic

toxicity and grade 1–2 CRS. No deaths, neurotoxicity, or dose-limiting toxicities were

reported [20,47].

A case report described complete remission in a 72-year-old man with advanced pancreatic

cancer treated with Claudin 18.2-targeted CAR T cells after multiple prior treatments. He

experienced grade 2 CRS and gastric mucosal injury, both managed successfully. Complete

response was achieved one month post-treatment and lasted 8 months. Recurrence occurred

with loss of Claudin 18.2 expression, but the prolonged remission highlights the potential

efficacy of this therapy [33].
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6.4 PSCA (Prostate Stem Cell Antigen)

Preclinical studies using first-generation PSCA-targeted CAR T cells demonstrated specific

cytotoxicity against PSCA-positive pancreatic cancer cells in vitro, without harming PSCA-

negative cells [22,28]. Subsequent studies comparing CAR designs showed strong antitumor

activity in mouse models of human pancreatic cancer. Although third-generation CARs

(CD28 and CD137 domains) offered better in vivo persistence, second-generation CARs

without CD137 had stronger antitumor effects, eradicating tumors in 40% of mice [22].

However, the clinical trial NCT02744287, evaluating BPX-601 CAR T cells targeting PSCA

in metastatic pancreatic and castration-resistant prostate cancer, was terminated due to severe

adverse events, including two patient deaths [48].

6.5 HER2 as a Target

Phase I trial NCT01935843 assessed the safety, feasibility, and activity of HER2-targeted

CAR T cells in 11 patients with advanced biliary and pancreatic cancers [18,20,22,28]. The

therapy was well tolerated. Among the two pancreatic cancer patients, both achieved disease

stabilization [28,42].

A separate trial (NCT04660929) evaluated HER2-targeted CAR macrophages, demonstrating

safety and potential therapeutic benefit in HER2-positive cancers [44].

6.6 CD133 as a Target

Phase I trial NCT02541370 evaluated CD133-targeted CAR T cells in patients with various

metastatic cancers, including 7 with pancreatic cancer [28,31,32,45]. Two patients showed

significant tumor reduction, three had stable disease, and two showed no response [32,45].
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Adverse events included grade 2–3 leukopenia, thrombocytopenia, anemia, anorexia, nausea,

and mucosal hyperemia. One patient experienced grade 4 leukopenia [18].

6.7 EGFR (Epidermal Growth Factor Receptor)

Phase I trial NCT01869166 involved 16 patients with metastatic pancreatic cancer with EGFR

expression >50% [41]. Patients received up to three CAR T-cell infusions after conditioning

chemotherapy [28]. CAR T-cell expansion was adequate, but persistence was limited [28].

Grade ≥3 adverse events included fever/fatigue, nausea/vomiting, mucocutaneous toxicity,

pleural effusion, and interstitial lung infiltrates, all reversible. No study-related deaths

occurred [41]. Of 14 evaluable patients, 4 had partial responses lasting 2–4 months, and 8

achieved disease stabilization for 2–4 months. Median progression-free survival was 3 months,

and median overall survival was 4.9 months [18,20,28,41]. Ongoing trials are also

exploring EGFR-CAR T-cell therapy in solid tumors, including: - NCT03618381:

Phase I, open-label, non-randomized study in children and young adults with advanced solid

tumors (esophageal, gastric) [25] - NCT03182816:

Phase I/II trial of EGFR-CAR T cells co-expressing anti-CTLA-4 and anti-PD-1 antibodies in

EGFR-positive solid tumors [18]

6. Future Perspectives

Future directions and perspectives in the development of CAR T-cell therapy include

numerous promising areas of research and innovation aimed at increasing the efficacy and

safety of this treatment, particularly for hard-to-treat solid tumors. Key areas of advancement

include:

7.1 Discovery and Validation of New, More Specific Target Antigens

Intensive research into neoantigens—unique to an individual patient’s cancer

cells—holds promise for higher specificity and reduced risk of toxicity [24]. Scientists are

seeking novel surface antigens that are strongly and specifically overexpressed in pancreatic

cancer cells, with minimal expression in healthy tissues. Potential targets include CLDN18.2,
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GPC3, tMUC1, ROBO1, among others [18,28].

The development of dual-targeting CARs, designed to recognize two different antigens on

cancer cells, may improve specificity and reduce the risk of off-target toxicity and tumor

escape due to antigen loss [28,29,34].

Another approach involves targeting the tumor microenvironment (TME), for example,

fibroblast activation protein (FAP) on cancer-associated fibroblasts, to indirectly attack the

tumor [22,23,24].

7.2 Overcoming the Immunosuppressive Tumor Microenvironment (TME)

Overcoming TME barriers involves several key strategies. One is designing CAR T cells

capable of modulating the TME, such as by expressing enzymes that degrade the tumor

stroma (e.g., heparanase), facilitating T-cell infiltration [19].

Another strategy includes combining CAR T therapy with treatments that neutralize the

immunosuppressive components of the TME, such as immune checkpoint inhibitors, agents

reducing Tregs, TAMs, and MDSCs, or even engineering CAR T cells to directly target

antigens expressed on these suppressive immune cells [20].

Genetic engineering of CAR T cells may also involve expression of chemokine receptors to

improve tumor homing, or cytokine receptors that counteract inhibitory signals within the

TME [29,38].

7.3 Optimization of CAR Receptor Design – Improving Specificity and Safety

Further development includes fourth- and fifth-generation CARs with additional co-

stimulatory and signaling domains and the ability to secrete therapeutic molecules [18]. Gated

CARs (“AND-gate” and “NOT-gate” systems) require the recognition of multiple antigens or

the absence of antigens on healthy tissues to activate cytotoxic functions, enhancing safety

[32].

Switchable CARs allow for exogenous control of CAR T-cell activity, enabling on/off

switching and even retargeting to different antigens [29,32].

Suicide genes, such as HSV-tk, iCasp9, or truncated EGFR (EGFRΔ), can be introduced to

allow pharmacologic elimination of CAR T cells in case of severe adverse events [29,32,35].
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7.4 Combination Therapies

Combining CAR T therapy with other modalities—such as chemotherapy, radiotherapy,

targeted therapies, oncolytic viruses (OVs), cancer vaccines, and other immunotherapies—

aims to enhance antitumor responses [18,28,31]. Oncolytic adenoviruses armed with

cytokines (e.g., TNF-α and IL-2) combined with mesothelin-targeted CAR T cells have shown

promising preclinical results [37].

7.5 Development of Allogeneic (“Off-the-Shelf”) CAR T Cells

Developing universal, ready-to-use CAR T cells derived from healthy donors could reduce

costs and treatment delays [28,32]. The main challenge is minimizing the risk of graft-versus-

host disease (GvHD) and transplant rejection [26,28,32].

7.6 Use of Alternative Immune Cells

CAR natural killer (NK) cells represent a promising alternative to allogeneic T cells due to

their innate tumor-killing abilities without prior sensitization and a lower risk of GvHD

[18,28,31].

7.7 Personalization of Therapy

Personalization involves tailoring target antigens, CAR constructs, and treatment strategies to

individual patient and tumor characteristics, including genetic and immunologic profiles [24].

Patient-specific preclinical models, such as organoids, could be used to predict treatment

response and optimize therapeutic strategies [18].

The future of CAR T-cell therapy in oncology—including pancreatic cancer—appears

promising. It will likely rely on a multi-faceted and personalized approach, combining

advanced CAR T-cell engineering with therapies that modulate the TME, precision delivery

strategies, and sophisticated preclinical models to optimize treatment and predict individual



18

responses [38]. Further research into innovative strategies has the potential to significantly

improve treatment outcomes and the quality of life for patients [23,24].

Conclusions

Pancreatic cancer is associated with high mortality, primarily due to late diagnosis and the

limited efficacy of standard treatment modalities, creating an urgent need for the development

of novel therapeutic strategies. One promising approach is the use of genetically modified T

lymphocytes (CAR T-cell therapy), which has already demonstrated antitumor potential in

early-stage studies—even against difficult-to-treat solid tumors.

However, the effectiveness of CAR T-cell therapy in pancreatic cancer is significantly

hindered by the tumor’s complex and immunosuppressive microenvironment. The presence of

a dense desmoplastic stroma, fibroblasts, and numerous immunosuppressive factors limits

both infiltration and activity of therapeutic cells. Additionally, the risk of treatment-related

toxicities, including the “on-target, off-tumor” phenomenon, remains a major challenge,

highlighting the need for further research into optimizing CAR receptor designs and strategies

for controlling T-cell activity.

Although clinical trials have shown some promising outcomes, additional studies are

necessary to identify the most appropriate target antigens and to develop CAR T-cell

constructs with improved specificity and safety. Looking ahead, the advancement of genetic

engineering technologies, along with a deeper understanding of tumor-host interactions, opens

new therapeutic possibilities.

The implementation of combination strategies—such as dual-targeting systems, switchable

CARs, and the use of allogeneic CAR T cells—may overcome barriers imposed by the tumor

microenvironment and enable treatment personalization based on individual genetic and

immunologic profiles.
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In conclusion, despite the limitations of conventional therapies, CAR T-cell therapy represents

an innovative and promising strategy which, after overcoming current challenges, has the

potential to significantly improve treatment outcomes in pancreatic cancer.
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