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Abstract

Pancreatic cancer encompasses a heterogeneous group of malignancies, primarily divided into endocrine and exocrine types,
with pancreatic ductal adenocarcinoma representing approximately 90% of cases. While the incidence of pancreatic cancer
is relatively low, accounting for about 3% of all cancers in the United States, it has a disproportionately high mortality rate,
responsible for around 7% of cancer-related deaths. In 2024, it is estimated that there will be 66,440 new diagnoses and 51,750
fatalities associated with this disease. The overall five-year survival rate remains alarmingly low at just 13%, primarily due to
late-stage diagnosis; over 80% of pancreatic ductal adenocarcinoma patients present with unresectable tumors and metastases
at the time of diagnosis. This review aims to highlight recent advancements in imaging and laboratory tests that are paving
the way for innovative screening and diagnostic approaches. Some of the modalities discussed in detail include endoscopic
ultrasound (EUS) and its modifications, such as EUS elastography, EUS contrast-enhanced, and EUS Fine Needle Aspiration,
as well as multi-detector computed tomography scans, magnetic resonance imaging, and positron emission tomography scans.
Furthermore, laboratory tests, such as multi-marker analysis and circulating tumor DNA, alongside traditional markers like
carcinoembryonic antigen, carbohydrate antigen 19-9, and carbohydrate antigen 125, are explored. The role of radiomics and
proteomics in the early detection of pancreatic cancer is also discussed. These developments hold the promise of improving
early detection, which is crucial for enhancing patient outcomes in pancreatic cancer. On the treatment front, conventional
therapies, including platinum-based therapies and monoclonal antibodies, are reviewed, alongside innovative therapies such
as immunotherapies, chimeric antigen receptor T-cell therapy, and cancer vaccines. It has been increasingly recognized that
the intricate patho-mechanisms underlying tumorigenesis in pancreatic cancers necessitate a deeper understanding to facilitate
targeted therapeutic strategies. We also explore various newer therapies currently in clinical trials, assessing their practicality
and effectiveness in real-world settings.

Introduction diagnosed with an unresectable primary tumor and distant metas-
tases at the time of diagnosis.!

Pancreatic cancer accounts for about 3% of all cancers in the
United States and approximately 7% of all cancer deaths. Accord-
ing to the American Cancer Society, it is estimated that 66,440

Pancreatic cancer (PC) encompasses a group of heterogeneous dis-
eases, including cancers of the endocrine pancreas (such as islet
cell carcinoma, neuroendocrine carcinoma, and carcinoid tumors)

an the exocrne pancreas (such as pancreatic ductal a.denocar- new cases of pancreatic cancer will be diagnosed in 2024, with
cinoma and acinar carcinoma). Among these, pancreatic ductal 51,750 deaths expected. Pancreatic cancer has a much lower in-
adenocarcinoma (PDAC) accounts for approximately 90% of all cidence compared to more common cancers like lung, breast, and
cases. Unfortunately, more than 80% of patients with PDAC are colorectal cancers, but the five-year survival rate for all stages of
pancreatic cancer continues to remain as low as 13%.?

The pancreas, located deep in the retroperitoneal space, can-
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screen for pancreatic cancer. However, due to the lack of diagnos-
tic accuracy, screening is limited to high-risk populations.*

The limited number of high-penetrance risk factors further
complicates the early diagnosis of pancreatic cancer. For years,
risk assessment has relied on family history, behavioral, and clini-
cal risk factors. However, more recently, advances in genomics
and radiomics have led to new modalities for screening (Fig. 1)
risk factors and early diagnosis, offering better identification of
PDAC.

Pancreatic cancer remains a challenging neoplasm to treat and
often requires multimodal management targeting various pathways
of tumorigenesis. We have elaborated on the various therapeutic
approaches used in the management of pancreatic cancer, includ-
ing targeting the homologous recombination deficiency (HRD)
pathway, immunotherapeutic approaches like immune checkpoint
inhibitors, using engineered viruses to infect the cancer cells and
activate the body’s immune response, vaccines to induce immune
responses against cancer cells, and engineering T-cells to help kill
the cancer cells.

Strategies to target claudin 18.2 and the tumor microenviron-
ment have also been discussed at length, along with conventional
chemotherapy. Many of these therapeutic modalities are still in
nascent stages of development and offer potent ways to target the
neoplasm.

In this article, we will first elucidate the diagnostic modalities,
including imaging, serum markers, tissue markers, radiomics,
proteomics, and multi-marker analysis, followed by treatment ap-
proaches for pancreatic cancers, which include traditional thera-
pies like chemotherapy and newer immunotherapeutic approaches,
such as oncolytic virus therapy, engineered T-cells to destroy can-
cer cells, and cancer vaccines, among others.

Imaging techniques for the diagnosis of pancreatic cancer

Imaging techniques have been crucial for staging pancreatic can-
cer, including assessing local, perineural, and vascular invasion,
as well as distant metastasis. Historically, imaging has served as a
central screening tool for familial pancreatic cancer due to the lim-
ited availability of reliable biomarkers. It also plays a key role in
guiding clinical management, post-surgical follow-up, and moni-
toring after chemotherapy.!

We will begin with conventional imaging modalities, such as
ultrasound, and then move into more sophisticated techniques,
such as positron emission tomography (PET), later in this section.

Abdominal ultrasound (US)

US is the initial non-invasive imaging test for pancreatic evaluation,
despite its limitations due to body habitus and gas interference. It
assesses the size, location, and echogenicity of pancreatic lesions,
with a sensitivity of 75% and an accuracy of 50-70%. Most focal
lesions appear hypoechoic, and the “double duct sign”—dilation
of both the common bile and pancreatic ducts—suggests a mass in
the pancreatic head, even in the absence of a visible tumor.®

Endoscopic ultrasound (EUS)

EUS is considered the most sensitive non-operative imaging test
for detecting malignant pancreatic lesions, with reported sensitiv-
ity ranging from 87% to 100%.” In a study by Agarwal et al., EUS
demonstrated 100% sensitivity in diagnosing pancreatic cancer,
outperforming multidetector computed tomography (MDCT),
which showed 86% sensitivity in PDAC.? Overall, EUS is superior
to conventional computed tomography (CT) and MDCT, although

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025

J Transl Gastroenterol

TIMELINE OF DIAGNOSTIC MODALITIES
FOR PANCREATIC CANCER

20th
w® century

Ultrasound

Able to detect masses and
bile duct dilation

ERCP
Direct access to pancreatic duct
Used for diagnostic and
interventional purpose

CT scan
Diagnosis of pancreatic cancer

staging of pancreatic cancer

CA19-9

First blood marker for
monitoring of pancreatic
cancer

EUS

Allowed FNAC of suspicious
lesion for detection of
pancreatic cancer

MRI & MRCP

More detailed delineation of
pancreatic cancer was possible

e 1980'S

PET scan

Functional imaging technique
based on metabolic activity

1990's @i

Laproscopy
Direct visualization of pancreas
and abdominal cavity

..o Late 20th
century

NGS & Genetic testing
Identify mutations and risk
assesment for pancreatic

cancer

Liquid biopsy and
ctDNA
Detection , monitoring and

understanding genetic profile
of pancreatic cancer

Radiomics
Enhancing the speed and
accuracy of detection of
pancreatic cancer

2020's @

Fig. 1. Timeline of pancreatic cancer diagnostic modalities. Figure made
with Canva online (www.canva.com). ERCP, endoscopic retrograde chol-
angiopancreatography; CT, computed tomography; EUS, endoscopic ul-
trasound; MRI, magnetic resonance imaging; MRCP, magnetic resonance
cholangiopancreatography; PET, positron emission tomography; NGS, next
generation sequencing; ctDNA, circulating tumor deoxyribonucleic acid.
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it yields results similar to magnetic resonance imaging (MRI).
However, there is a lack of studies directly comparing high Telsa
MRI with EUS.” Another advantage of EUS is its ability to provide
ultra-high-resolution images for detecting small pancreatic head
tumors, especially those smaller than 2 cm, making it widely re-
garded as the most sensitive method for tumor detection.’

A few limitations of EUS include challenges in distinguishing a
true pancreatic mass in cases of chronic pancreatitis, recent acute
pancreatitis (less than four weeks), diffusely infiltrating carcino-
ma, and potential image quality reduction due to acoustic shadow-
ing from biliary or pancreatic stents.!” On a positive note, a ret-
rospective study by Ranney et al. found no significant difference
in the diagnostic yield or technical difficulty of EUS-fine needle
aspiration (FNA) for visualized pancreatic masses, regardless of
the presence of a biliary stent (plastic or metal).!!

EUS-FNA is a safe and highly accurate procedure for diagnos-
ing malignancy, with two meta-analyses'? reporting pooled sen-
sitivities of 85% and 89%, and specificities of 98% and 99%.13
Complications include pain (0.38%), bleeding (0.10%), fever
(0.08%), and infection (0.02%) as shown by Wang et al.'* Addi-
tionally, chronic pancreatitis can complicate cytological interpreta-
tion, further decreasing EUS-FNA sensitivity.!3

Contrast-enhanced EUS is a technique in which intravenous
contrast agents like Levovist and Sonovue are administered, ena-
bling visualization of microbubbles in the microvasculature of
pancreatic tumors in real-time. PDAC has a hypoenhancing ap-
pearance, while other conditions, such as neuroendocrine tumors
and chronic pancreatitis, appear iso- or hyper-enhancing.'®

Another emerging technology used to differentiate benign from
malignant masses is EUS elastography. This technique provides
real-time evaluation of tissue stiffness, based on the premise that
harder tissues show less strain when compressed compared to soft-
er tissues.!” In a meta-analysis conducted by Hu DM et al.!'® and
Mei M et al,'® EUS elastography was found to have high sensitiv-
ity but low specificity. Despite the lower specificity, EUS elas-
tography serves as an excellent adjunct to EUS-FNA and helps
endosonographers improve targeting for FNA. Limitations of
EUS elastography include limited availability, challenges in con-
trolling tissue compression by the endosonographer, the presence
of motion artifacts, and the lack of clear stiffness cut-off values
for pancreatic masses. Saftoiu et al. demonstrated that combining
elastography with contrast-enhanced imaging achieved 75.8% sen-
sitivity, 95.2% specificity, and 83.3% accuracy in differentiating
hypovascular hard pancreatic masses as either chronic pancreatitis
or PDAC.?" The limitations of this modality include its availabil-
ity, low sensitivity, difficult operation, and increased costs.

MDCT

MDCT is the primary imaging modality for pancreatic tumors,
with sensitivity ranging from 76% to 92% for diagnosing pancre-
atic cancer. It has an accuracy of 85-95% for tumor detection, a
positive predictive value of 89-100% for unresectability, and a
negative predictive value of 45-79% for resectability.?! MDCT
effectively assesses tumor morphology, ductal anatomy, and rela-
tionships with surrounding organs and vascular structures, aiding
in surgical planning. High-resolution techniques, such as multipla-
nar reconstructions and curved reformations, enhance the evalua-
tion of pancreatic duct anatomy. The “double duct sign” is easily
identifiable on CT. Although tumors may be isoattenuating and not
visible in about 10% of cases, indirect signs such as abrupt cut-off
of the pancreatic duct and mass effects on the parenchyma are im-
portant indicators of tumors. Quantitative analysis during triphasic
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MDCT improves tumor detection compared to visual analysis.

Standard CT protocols typically involve non-contrast imaging
followed by pancreatic parenchymal and portal venous phases af-
ter intravenous contrast. The pancreatic parenchymal phase (40—45
seconds post-contrast) is most sensitive for evaluating pancreatic
lesions, while the portal venous phase (70 seconds post-contrast)
is optimal for detecting liver metastases.??

Although multiphase CT exposes patients to high radiation
doses, the split-bolus CT protocol combines the arterial and por-
tal venous phases, optimizing pancreatic enhancement, improving
tumor conspicuity, and reducing radiation exposure while also al-
lowing for lymph node and focal liver lesion assessment.

MRI

MRI and CT have similar sensitivity and specificity (89%) in diag-

nosing and staging pancreatic cancer, making MRI less frequently

used as a primary imaging tool due to cost and availability. How-

ever, MRI is beneficial in:

» Differentiating isoattenuating pancreatic lesions, which may
not be clearly visible on CT

* Providing better characterization of indeterminate liver lesions
identified on previous CT scans

» Offering an alternative for patients with impaired renal function
or sensitivities to iodinated contrast used in CT

 Differentiating pancreatic tumors from mass-forming pancrea-
titis

* Detecting tumors smaller than 2 cm

» Identifying abnormalities in cases of hypertrophied pancreatic
head or focal fatty infiltration of the pancreatic parenchyma.?*

PET

PET has been shown to be more effective than CT, US, and EUS in
accurately diagnosing pancreatic cancer due to its higher sensitiv-
ity and specificity. While PET is well-established in the advanced
stages of pancreatic cancer, the limited spatial resolution of FDG-
PET restricts its effectiveness in the local staging of pancreatic
cancer. Elevated glucose metabolism has been observed in pre-
cursor lesions, providing a window of opportunity to detect early
changes and improve patient outcomes.?3

In a retrospective study led by Keiichi Okano et al., the role
of FDG-PET with dual-time-point evaluation in small pancreatic
cancers (<2 cm) demonstrated higher standardized uptake values
in the delayed phase compared to the early phase, suggesting ma-
lignancy in the lesions.?¢

In a small study led by Rakesh Kumar et al.,”” the diagnostic
performance of dual-time-point PET/CT was compared against
CECT and EUS with FNA in diagnosing PDAC, particularly in the
context of concomitant chronic pancreatitis (CP). These results are
depicted in Table 1. In conclusion, in patients without concomitant
CP and with larger lesions, PET/CT and CECT are equivalent as
screening modalities, with no benefit from dual-time-point PET/
CT acquisitions. However, in patients with concomitant CP and
smaller lesions, dual-time-point PET/CT is better, with sensitivity
comparable to EUS + FNA.

While imaging modalities, such as those discussed above, pro-
vide valuable insights into the location, size, and potential spread
of pancreatic masses, they are often not definitive in confirming
the nature of these lesions. To achieve a more definitive diagnosis,
especially for identifying cancerous tissues at the molecular level,
blood and tissue-based diagnostic tests become essential. These
tests, though more invasive, offer greater specificity and sensitiv-
ity in confirming pancreatic cancer and are crucial in guiding treat-
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Table 1. Diagnostic performance of various imaging modalities in patients with or without concomitant chronic pancreatitis

Diagnostic modality Sensitivity Specificity Accuracy
With concomitant chronic pancreatitis
Standard-Acquisition-PET/CT 97.4% 83.3% 94.0%
Dual-Time-Point-PET/CT 97.4% 75% 92%
CECT 94.6% 66.7% 87.8%
EUS + FNA 92.6% 88.9% 91.7%
Without concomitant chronic pancreatitis
Standard-Acquisition-PET/CT 88.9% 57.1% 80%
Dual-Time-Point-PET/CT 100% 57.1% 88%
CECT 82.4% 57.1% 75%
EUS + FNA 100% 100% 100%

PET/CT, positron emission tomography/computed tomography; CECT, contrast-enhanced computed tomography; EUS, endoscopic ultrasound; FNA, fine needle aspiration.

ment decisions. In the following section, we will explore some of
the key blood and tissue-based diagnostic approaches, focusing on
biomarkers and molecular testing that aid in the accurate diagnosis
of pancreatic cancer.

Blood and tissue-based tests for the diagnosis of pancreatic
cancer

In this section, we delve into blood and tissue-based diagnostic
strategies for pancreatic cancer, which remains one of the most
challenging cancers to diagnose, especially in the early stages
when it is often asymptomatic. Advancements in blood and tis-
sue-based diagnostic tests have provided promising avenues for
improved detection and monitoring. Key biomarkers such as car-
bohydrate antigen (CA) 19-9, a widely used glycoprotein, and mi-
croRNAs (miRNAs), which regulate gene expression, have shown
potential in identifying pancreatic cancer. Innovative techniques
like methylation on beads, which detect epigenetic changes, and
circulating tumor DNA (ctDNA), which reflects tumor-specific
mutations, offer non-invasive methods for early diagnosis. Addi-
tionally, autoantibodies produced in response to tumor-associated
antigens, along with cytokines and chemokines that modulate the
tumor microenvironment, are being explored for their diagnostic
and prognostic value.

Beyond these markers, the integration of -omics technologies—
such as proteomics, which analyzes protein expression patterns,
and radiomics, which extracts quantitative features from imaging
data—has further enhanced diagnostic precision. Multimarker
analysis, combining multiple biomarkers and -omics approaches,
holds particular promise for improving the accuracy and reliability
of pancreatic cancer diagnostics, paving the way for personalized
and targeted therapeutic strategies.

CA19-9

To date, the serum CA 19-9 has been used as a biochemical marker
for assessing clinical treatment efficacy in pancreatic cancer.

CA 19-9, initially identified as a tumor-specific antigen for co-
lon cancer, also reacts with a glycoprotein present in pancreatic
and biliary tract cancers, making it a biomarker for these malig-
nancies.?® However, its specificity is limited, as it can be elevated
in benign conditions like pancreatitis, cholangitis, cirrhosis, and
gastric cancer. Sensitivity (69-98%) and specificity (46-98%) for
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pancreatic cancer are moderate, and only 65% of patients with re-
sectable pancreatic cancer show elevated levels.?’

miRNAs

miRNAs are small, non-coding RNA molecules that play a vital
role in regulating gene expression after transcription by binding
to target messenger RNAs (mRNAs). This interaction can result
in the degradation of the mRNA, destabilization through poly(A)
tail shortening, or inhibition of protein translation. The dysregula-
tion of miRNAs is linked to various cancers, as they can function
as oncogenes or tumor suppressors, affecting cancer development
and progression. Furthermore, miRNAs are released into extracel-
lular fluids, acting as signaling molecules, making them valuable
biomarkers for cancer diagnosis.3’

In a study by Vicentini et al., MiR-1290 was found to be el-
evated in patients with resectable pancreatic cancer, effectively
distinguishing them from control subjects. It showed superior
diagnostic performance compared to the CA 19-9 marker, par-
ticularly in identifying low-stage pancreatic cancer. Additionally,
miR-1290 levels were increased in patients with non-invasive
intraductal papillary mucinous neoplasms (IPMNs), suggesting
its potential as a marker for monitoring individuals at risk of de-
veloping invasive IPMNs.3!

In the study led by Abue et al., miRNA-483-3p and miRNA-21
were significantly higher in PDAC. The plasma expression of
miRNA-483-3p was considerably higher compared to intraductal
papillary mucinous neoplasm (p < 0.05), and the expression of
miRNA-21 was linked to advanced-stage disease (p < 0.05), with
metastases in the lymph nodes and liver (»p <0.01). Indeed, miRNA
expression correlated with a significantly reduced survival in those
patients with pancreatic ductal adenocarcinoma (p < 0.01).3

A study by Yang et al. identified 38 miRNAs that were sig-
nificantly dysregulated in pancreatic cancer patients compared
to controls, leading to the development of two diagnostic panels.
The first, Index I (comprising miR-145, miR-150, miR-223, and
miR-636), achieved an area under the curve (AUC) of 0.86 (95%
CI: 0.82-0.9), with a sensitivity of 85% and specificity of 64%.
The second, Index II (including miR-26b, miR-34a, miR-122,
miR-126, miR-145, miR-150, miR-223, miR-505, miR-636, and
miR-885-5p), performed even better, reaching an AUC of 0.93
(95% CI: 0.90-0.96) with both sensitivity and specificity at 85%.
Furthermore, combining Index I with the CA 19-9 biomarker
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increased diagnostic accuracy, achieving an AUC of 0.94 (95%
CI: 0.90-0.98) compared to CA 19-9 alone (AUC: 0.90, 95% CI:
0.87-0.94).33

MiRNAs offer promise as novel gene therapies, but their suc-
cess has been limited due to the lack of consensus on testing and
interpretation. miRNA levels vary between tissue and serum,
where nucleases can easily degrade them. Additionally, multiple
miRNAs may be implicated in a disease (as evidenced by Yang et
al.), while the same miRNA might be implicated in multiple ma-
lignancies, making it difficult to validate in large population sam-
ples. The techniques for miRNA detection remain expensive, and
significant research is required before it can be widely adopted.

Methylation on beads technique

Misregulated epigenetic mechanisms and DNA mutations are hall-
marks of pancreatic cancer. Alterations in DNA promoter methyla-
tion patterns can significantly influence tumorigenesis and cancer
progression. Consequently, numerous studies have explored DNA
methylation analysis of specific genes for both clinical diagnostics
and therapeutic purposes. It is used for early detection, prognosis
assessment, prediction of therapeutic response, and as a therapeu-
tic target.

The methylation on beads technique is a novel nanotechnol-
ogy that enables the capture, retention, and bisulfite treatment of
minute amounts of DNA. In a study by Yi et al., this method dem-
onstrated a sensitivity of 81% and specificity of 85% for detecting
pancreatic cancer using the BNC1 and ADAMTSI1 gene promot-
ers. These genes exhibited dense methylation in cancerous samples
but not in normal or pancreatitis samples, suggesting a promising
approach for early diagnosis.’* Methylation rates increased with
each disease stage and were higher than those of CA 19-9, except
in stages Il and IV, where both methylation and CA 19-9 reached
100%.34

A non-invasive technique that detects KRAS mutations and
methylation biomarkers (such as NDRG4 and BMP3) in stool
samples, delivered in a mail-in kit format similar to Cologuard
for colon cancer, is currently under development for identifying
DNA mutations in the digestive tract.’ Similar to miRNAs, these
biomarkers are still in the early stages of development, and further
research is necessary to validate this innovative nanotechnology.

ctDNA

ctDNA is analyzed through a technique called liquid biopsy,
wherein DNA shed by tumor cells into the circulation is isolated
using polymerase chain reaction and next-generation sequencing
to quantify and identify point mutations, epigenetic modifications,
or translocations. Compared to tissue biopsy, it offers several ad-
vantages, including being non-invasive, capturing tumor hetero-
geneity, and complementing tissue biopsy. This technology holds
promise for cancer screening, minimal residual disease detection,
treatment response monitoring, and evaluation of drug resistance.

In addition to blood, liquid biopsy can use other body fluids,
such as urine, saliva, and cerebrospinal fluid, and has become in-
creasingly popular in clinical settings due to its minimally invasive
nature.3338 The concentration of ctDNA in the blood of cancer
patients ranges from 0—5 ng/mL to hover 1,000 ng/mL, while in
healthy individuals, it typically ranges from 0—100 ng/mL.*

Lee et al. evaluated the prognostic role of KRAS ctDNA in a
prospective cohort of patients with resectable PDAC. Using a
polymerase chain reaction-based SafeSeq assay, the preoperative
sensitivity for ctDNA detection was 62% (23 ctDNA-positive out
of 37 KRAS-mutated tumors in tissue). Positive KRAS ctDNA
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identified a subset of patients with poorer outcomes compared to
those with negative KRAS ctDNA [hazard ratio for recurrence-free
survival: 4.1, p = 0.002; hazard ratio for overall survival (OS): 4.1,
p = 0.015], consistent with findings in other tumor types.*’

In a study by Watanabe e al., ctDNA was utilized to detect ear-
ly recurrence of pancreatic cancer, particularly in cases with low
tumor-cell content or complex tumor environments. The research-
ers employed molecularly barcoded ultradeep sequencing capable
of detecting low-frequency mutations. Despite these advanced
techniques, the ctDNA detection rate in resected patients remained
modest at 39% (28 out of 71), aligning with earlier findings of
a 38% detection rate in preoperative samples. However, using a
tumor-informed approach, detection rates improved to 56% in
treatment-naive samples. Notably, patients with detectable KRAS
and TP53 mutations in ctDNA before surgery had significantly
shorter recurrence-free survival, further supporting ctDNA’s role
as a prognostic biomarker for PDAC.#!

Another study by the same group reinforced the use of ctD-
NA as a prognostic marker and introduced a clinically feasible
approach for its application. This research examined ctDNA for
predicting therapeutic outcomes in patients with unresectable pan-
creatic cancer, emphasizing its role in identifying chemotherapy
resistance. A novel regression assessment framework was devel-
oped, integrating genomic analysis of resected specimens with
liquid biopsy data. This method offered critical insights into treat-
ment efficacy and recurrence risk. Monitoring changes in ctDNA
levels alongside CA 19-9 during chemotherapy provided valuable
information on tumor dynamics, aiding clinical decisions and po-
tentially minimizing unnecessary adverse effects.*? These findings
emphasize the need for larger, multicenter studies to validate the
clinical utility of ctDNA and support its incorporation into person-
alized treatment strategies aimed at improving survival in pancre-
atic cancer patients.

Autoantibodies

Efforts are ongoing to harness autoantibodies as diagnostic tools
for PC, despite challenges such as tumor heterogeneity and low
detection rates (10-20%). A study by Tomaino et al.** screened
serum samples from PC patients, chronic pancreatitis (CP) pa-
tients, individuals with non-PC tumors, and healthy controls us-
ing proteins from PC cell lines (CF-PAC-1, MiaPaCa-2, BxPC-3).
They identified autoantibodies against metabolic enzymes such as
triosephosphate isomerase and cytoskeletal proteins like keratin.
Additionally, Bracci et al. evaluated autoantibodies against
CTDSP1, MAPKOY, and NR2E3 in 300 PC patients and 300 con-
trols, finding significantly higher antibody responses in PC pa-
tients for CTDSP1 (p = 0.004), MAPKO (p = 0.0002), and NR2E3
(»=0.0001). Although the combined biomarker set did not exhibit
strong predictive value, the study marks progress in validating
autoantibodies as potential diagnostic and prognostic markers for
pancreatic cancer. Notably, the presence of these autoantibodies
months to years before the onset of clinical symptoms suggests
their potential utility for early detection and disease prognosis.**

Cytokines and chemokines

Cytokines and chemokines are used as both diagnostic and prog-
nostic markers. Ingvarsson et al. utilized a recombinant antibody
microarray targeting 60 serum proteins to identify differentially
expressed proteins in the serum of PC patients compared to healthy
controls. This platform was further optimized to differentiate be-
tween short-term (<12 months) and long-term (<24 months) sur-
vivors. The study found that IL-1a, IL-3, IL-8, and IL-11 were
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upregulated in short-term survivors, while RANTES, IL-16, IL-
4, and eotaxin were upregulated in long-term survivors.*> A weak
association was observed between elevated sTNF-R2 levels and
pancreatic cancer (OR: 1.52), along with a strong correlation with
diabetes and higher BMI. VEGF and bFGF levels were signifi-
cantly elevated in the serum of pancreatic cancer patients, correlat-
ing strongly with CA19-9, tumor size, and stage, suggesting their
potential as diagnostic or prognostic markers. However, this tech-
nology requires validation in large-scale human studies before it
can be translated to clinical use.

While blood and tissue-based tests, as detailed above, provide
valuable insights into the diagnosis and prognosis of pancreatic
cancer, there is an increasing shift toward more comprehensive,
molecularly detailed approaches in the form of -omics studies, es-
pecially in research settings. These advanced techniques, such as
proteomics and radiomics, allow for the analysis of vast datasets
and provide a deeper understanding of the biological processes un-
derlying pancreatic cancer.

Omics studies and multimarker analysis

By investigating protein expression profiles (proteomics) or ex-
tracting quantitative features from medical imaging data (radiom-
ics), these studies offer the potential for identifying novel biomark-
ers, discovering new therapeutic targets, and improving patient
stratification. In the following sections, we will explore how these
cutting-edge omics technologies are revolutionizing pancreatic
cancer research, enabling more precise diagnoses, personalized
treatment plans, and better clinical outcomes.

Proteomics

Proteomics is the large-scale study of proteins, particularly their
functions and structures. It involves analyzing the entire comple-
ment of proteins produced by a cell, tissue, or organism at a spe-
cific time, often under defined conditions. In the context of cancer
liquid biopsies, proteomics plays a crucial role in identifying pro-
tein biomarkers that can aid in cancer detection, diagnosis, and
treatment monitoring. Unlike nucleic acid analysis, which focuses
on DNA or RNA, proteomics offers insights into the functional
state of cells, as proteins are the primary executors of cellular
processes and often serve as direct drug targets in many cancer
therapies.*® Given the dynamic nature of the proteome, influenced
by factors such as post-translational modifications and cellular re-
sponses to stimuli, proteomics provides valuable information that
can enhance the accuracy of cancer diagnostics and therapeutic
strategies. Advances in high-plex proteomic technologies have sig-
nificantly improved the ability to analyze numerous protein targets
simultaneously from liquid biopsy samples, paving the way for
a better understanding of tumor biology and personalized cancer
treatment.*’

Proteomics approaches have been employed to identify protein
markers associated with pancreatic cancer.*84° Several research
groups, using surface-enhanced laser desorption ionization, have
identified protein fragments in serum that appear to serve as di-
agnostic markers with comparable effectiveness to serum CA19-
9.50:51 Another mass spectrometry technique, matrix-assisted laser
desorption ionization, has also revealed pancreatic cancer-related
proteins in serum.3* Key proteins linked to pancreatic tumor de-
velopment, including galectin-1, gelsolin, lumican, 14-3-3 pro-
tein sigma, cathepsin D, cofilin, moesin, and plectin-1, have been
uncovered through proteomics studies.*®3 Notably, gelsolin and
lumican were tested as composite biomarkers in plasma, dem-

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025

J Transl Gastroenterol

onstrating 80% sensitivity and 95% specificity in distinguishing
early-stage pancreatic cancer patients (stages I and II) from healthy
controls and patients with chronic pancreatitis, utilizing targeted
proteomics assays based on selected reaction monitoring.>* Al-
though proteomics is still an evolving and challenging field in pan-
creatic cancer research, it has already provided essential insights
into disease mechanisms and holds the potential for advancing
early detection of pancreatic cancer.

Radiomics

Radiomics is an advanced analytical approach that uses computer
software to extract and analyze both quantitative and qualitative
features from medical images (DICOM), such as CT, MRI, and
PET scans. This process involves several steps, including image
acquisition, dataset creation, export of DICOM studies, segmenta-
tion to identify the volume of interest, feature extraction, and the
development of predictive models. It enables precise tumor deline-
ation and assessment of the tumor microenvironment.

The integration of radiomic features with genomic and molecu-
lar data—referred to as radiogenomics—can improve diagnosis
and help stratify patients based on their individual tumor biology.
The incorporation of convolutional neural networks into radiomic
analyses enhances performance compared to traditional machine
learning algorithms, further improving the utility of deep learning
in medical image analysis.

Attiyeh et al.55 explored the relationship between radiomic vari-
ables and tumor genotype in pancreatic cancer, focusing on genes
such as KRAS, TP53, CDKN2A, and SMAD4. Among 35 pa-
tients, 34 had KRAS mutations, 29 exhibited CDKN2A mutations,
16 showed SMADA4 alterations, and 29 had TP53 expression. The
number of altered genes was predictive of OS (p = 0.016), with
significant separation between tumors with and without SMAD4
alterations. A higher mutation count was associated with increased
imaging heterogeneity. The study revealed that radiomic features
from CT scans were linked to genotype and stromal content, which
could be useful in developing survival prediction tools.

Sandrasegaran et al.>® examined texture analysis for prognostic
prediction in 70 patients with unresectable pancreatic cancer, eval-
uating features such as mean, kurtosis, entropy, skewness, and tu-
mor characteristics in relation to OS and progression-free survival.
They reported a median survival of 13.3 months and progression-
free survival of 7.8 months, concluding that OS was associated
with texture features, particularly in patients undergoing curative-
intent surgical resection.

Another study led by Ren S et al. evaluated the CT imaging fea-
tures, specifically texture analysis, from arterial and portal phase
CT images, to differentiate mass-forming pancreatitis (MFP) from
PDAC.57 The group found that arterial CT attenuation, along with
arterial and portal enhancement ratios, were significantly higher in
MFP than in PDAC. In multivariate analyses, arterial CT attenu-
ation and the pancreatic duct penetrating sign were identified as
independent predictors of distinguishing MFP from PDAC. While
this study was conducted on a small group of 30 patients, it high-
lights the potential of radiomics as a promising non-invasive tool
for diagnosing pancreatic tumors and differentiating them from
non-malignant conditions.

In patients undergoing neoadjuvant therapy for pancreatic can-
cer, radiomics can contribute to a more accurate definition of le-
sions for radiotherapy and facilitate the assessment of treatment re-
sponse. This approach offers more reliable and reproducible tumor
measurements compared to traditional methods. The integration of
radiomics with genomic data also holds significant potential for
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future advancements. However, there are several limitations that
can influence the results of radiomic analysis. Factors such as CT
acquisition protocols, reconstruction methods, kernel selection,
tube currents, slice thickness, voxel size, gray level, and contrast
enhancement timing can all impact outcomes. Standardization of
image acquisition protocols and radiomic analysis systems is es-
sential, as is the establishment of validation cohorts. Continued
research is crucial to strengthen the existing data.

Multimarker analysis

Various individual biomarkers have been explored for diagnosing
PDAC, as utilizing a single marker simplifies the development and
application of diagnostic assays in clinical settings. However, these
biomarkers often exhibit limited sensitivity and specificity. Given
the significant variability among patients and the heterogeneity of
tumors, employing a multimarker panel may offer additional ben-
efits and generally performs better than single biomarkers.>

Several studies have documented the good performance of
PDAC-specific multimarker panels for detecting early-stage
PDAC.% However, for these markers to be used in screening high-
risk groups, their sensitivity and specificity need to be higher to
reduce false positives and false negatives. Achieving high sensitiv-
ity in detecting PDAC presents significant challenges, particularly
due to the overlap of biomarkers and mutations, such as RAS mu-
tations, with other malignancies (e.g., colorectal cancer), benign
pancreatic conditions (e.g., pancreatitis), and precancerous lesions
like IPMN.%! These alternative conditions are more prevalent in
the general population than PDAC itself, which complicates diag-
nostic accuracy. To reduce false positives and improve understand-
ing of the molecular mechanisms behind PDAC tumorigenesis, it
is essential to include individuals with precancerous conditions,
pancreatitis, and pancreatic cysts in research studies. Given these
factors, a strategy for screening PDAC should be integrated into
broader pan-cancer screening initiatives rather than pursued as a
standalone diagnostic approach.

A panel of multiple biomarkers can facilitate simultaneous
screening for various cancer types, allowing for broader applica-
tion across diverse populations. Two notable multimarker tests,
CancerSEEK and Galleri (developed by GRAIL),%%%3 have been
designed to detect early-stage tumors, including PDAC. The Can-
cerSEEK panel combines ctDNA with eight specific proteins—
CA-125, carcinoembryonic antigen (CEA), CA 19-9, PRL, HGF,
OPN, MPO, and TIMP-1—enabling detection of ovarian, liver,
stomach, pancreatic, esophageal, colorectal, lung, and breast can-
cers. Currently, CancerSEEK is utilized exclusively in clinical tri-
als (NCT04213326). In contrast, the Galleri test, which is com-
mercially available, analyzes whole-genome methylation patterns
of cell-free DNA to identify over 50 different cancer types. In an
independent validation study involving 4,077 participants, the Gal-
leri test demonstrated the ability to correctly identify 35 out of 41
patients with early-stage pancreatic cancer, achieving a sensitivity
of approximately 60% and a specificity of 99.5%.%4

A prospective study with 6,662 participants utilizing the Gal-
leri test identified suspicious cancer signals in 92 cases. Follow-up
after 12 months confirmed that 35 of these 92 participants (38%)
were diagnosed with cancer, while 6,235 of the remaining 6,549
individuals were correctly identified as true negatives. This high-
lights the potential of multicancer early detection testing. Nota-
bly, this study by Schrag et al. provides significant insights into
the clinical applicability of multicancer early detection tests, even
among individuals not considered high-risk.%

Furthermore, another study (THUNDER), which focused on
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the methylation patterns of cell-free DNA, reported high sensi-
tivity for detecting advanced-stage pancreatic tumors. However,
it showed a sensitivity of only around 35% for stages I and II,
despite achieving a specificity of 98.9% in identifying pancreatic
malignancies.%®

Although the specificity of these diagnostic tests is satisfactory,
their sensitivity for detecting early-stage PDAC is inferior to that
of PDAC-specific biomarker panels. This indicates that individu-
als in high-risk groups may require a specialized PDAC screening
approach to improve early detection. False-negative results could
lead to unnecessary additional diagnostic procedures, increasing
healthcare costs and causing psychological distress for patients.
For advanced-stage cancers, however, the sensitivity of these tests
is relatively high, ranging from 80% to 100%. Consequently, prior-
itizing research focused on early-stage cancer detection is critical
for developing a reliable multicancer diagnostic tool, which would
significantly improve the overall efficacy of cancer screening pro-
grams.

Having established the crucial role of early and accurate diag-
nosis in pancreatic cancer, it is equally important to explore avail-
able treatment options. Once a diagnosis is confirmed, the choice
of treatment depends on several factors, including the stage of the
disease, the patient’s overall health, and the types of markers ex-
pressed by the underlying malignancy. In the following section, we
will explore both conventional and advanced treatment options,
examining their main advantages and disadvantages.

Treatment approaches

Pancreatic cancer is difficult to treat due to its rapid growth and the
limited availability of effective treatments. The pathomechanisms
governing the growth and spread of this cancer involve several key
pathways in the body, including the phosphoinositide 3-kinase/
protein kinase B pathway, RAS, Janus kinase/signal transducer
and activator of transcription, NF-kB, Hippo/Yes-kinase-associat-
ed protein, and Wingless/int1 pathways.

These pathways are involved in many cellular functions that
are critical for pancreatic cancer, such as cell death, blood vessel
formation, cell differentiation, immune system regulation, metabo-
lism, cell movement, and cell growth. Additionally, modifications
in histone regulation are crucial for the process of epithelial-to-
mesenchymal transition, which is associated with this cancer. Un-
derstanding and targeting these pathways could help develop new
treatments for pancreatic cancer.

Targeting HRD pathways

Defects in DNA damage response genes that lead to HRD high-
light a significant subgroup of patients with PDAC, with important
implications for treatment and prevention.®’

Recent nonrandomized clinical trials suggest that HRD may
be a useful biomarker for predicting response to platinum-based
chemotherapy in patients with advanced PDAC.% In those with
HRD, inherited mutations in BRCA1 and BRCA2 predict in-
creased progression-free survival for patients with platinum-
sensitive metastatic PDAC treated with the poly (ADP-ribose)
polymerase (PARP) inhibitor olaparib as maintenance therapy.®
Beyond BRCA mutations, accumulating preclinical and phase 11
nonrandomized trial evidence suggests that other non-BRCA HRD
mutations may also predict sensitivity to PARP inhibitors. Other
DNA damage response-targeting treatments are being explored in
clinical trials, including immunotherapy and inhibitors of ATM,
ATR, and WEE1.70
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Table 2. Other forms of therapy targeting claudin 18.2 (CLDN 18.2)

J Transl Gastroenterol

Type of therapy Mechanism

Examples

Bispecific
antibodies

These can bind two different epitopes on the same or different antigens
and therefore enhance therapeutic potential. They also have more efficacy

AZD 5863 (NCT06005493)

and less off-site toxicity as compared to some monoclonal antibodies

Antibody-Drug

conjugates cytotoxicity and endocytosis
CAR T-cell It is like administering a living drug to the patient, and these therapies are
therapy customized to meet each patient’s specific needs. The process involves

collecting T cells from the patient and modifying them in the laboratory
to produce CARs on their surfaces. These CARs can recognize and bind
to tumor antigens, found on the surface of cancer cells, and kill them

Have strong anti-cancer efficacy through antibody-dependent cellular

CMG901, LM-302

CT041, LYO11 (NCT04977193,
NCT04966143), LB1908 (NCT05539430),
HEC-016 (NCT05277987), KD-496
(NCT05583201), and CT048
(NCT05393986)

CAR, Chimeric antigen receptor.

Platinum-based therapy

Numerous studies have consistently shown that patients with
PDAC and HRD benefit from platinum-based chemotherapy
combinations.”! A retrospective analysis from the PanCan Know
Your Tumor registry found that PDAC patients with actionable
molecular alterations had significant advantages from genomi-
cally matched therapies.”? Specifically, the median overall sur-
vival for these patients receiving matched therapies was about one
year longer than for those receiving unmatched therapies or those
without actionable alterations, with HRD mutations being the most
frequently observed.”? Other retrospective studies and prospective
trials have confirmed these findings, thus establishing platinum
chemotherapy as a standard practice for this patient group.”!

PARP inhibitors

Using olaparib as maintenance therapy after at least four months of
frontline platinum-based chemotherapy is now a recognized stand-
ard for patients with germline BRCA1/2 mutations in PDAC.%
However, resistance to PARP inhibitors remains a significant chal-
lenge. Ongoing trials aim to build on the findings from the POLO
trial by exploring combinations of PARP inhibitors with immu-
notherapy.”® Recent prospective trials have expanded the eligibil-
ity for PARP inhibitors to include patients with somatic BRCA2
mutations and germline PALB2 mutations.” A crucial unmet need
is developing strategies to induce HRD or overcome resistance to
HRD-targeted therapies, thus increasing the number of patients
who could benefit from these treatments.

Immune checkpoint inhibitors (ICIs)

ICIs have shown effectiveness in a selected group of patients with
pancreatic adenocarcinoma. A recent report by Terrero et al. detailed
a group of 12 patients with pathogenic germline variants in BRCA1/2
or RAD51C/D, with some achieving long-lasting complete respons-
es to combined PD-1 and CTLA-4 inhibition. The overall response
rate was 42%, including four patients who had complete responses
lasting 24 to 48 months, along with one patient showing a partial
response.’ Terrero et al. measured archival tumor samples using the
Nanostring platform and found that tumors from responders had sig-
nificantly higher expression levels of CCL4, CCLS, and CXCL10
compared with non-responders. These co-regulated chemokines are
responsible for the migration of immune cells into the tumor micro-
environment, which has been associated with a T-cell-inflamed phe-
notype in PDAC. Cumulatively, these preclinical and translational
data suggest that this may be one of the few exceptions to the general
rule of PDAC’s unresponsiveness to ICI therapies.
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Reiss et al. found that the combination of ipilimumab and nira-
parib was superior in maintaining treatment response compared
to nivolumab and niraparib in metastatic PDAC patients who re-
sponded to initial platinum therapy, emphasizing the importance of
CTLA-4 inhibition for this subgroup.”

CLDNI18.2 as a treatment target

Claudinl8.2 is highly expressed in both pancreatic adenocarci-
noma and its metastases, with patients showing elevated levels of
this marker often experiencing better survival outcomes.”® Current
research on therapies targeting claudin18.2—including monoclonal
antibodies, bispecific antibodies, antibody-drug conjugates, and chi-
meric antigen receptor (CAR) T-cell treatments—is advancing rap-
idly, offering promising new options for pancreatic cancer treatment.

Monoclonal antibodies—the emerging potential of claudin 18.2

Zolbetuximab (IMAB362)

Zolbetuximab (IMAB362) is a monoclonal antibody specifically
targeting claudin18.2. It induces antibody-dependent cellular cy-
totoxicity (ADCC) and complement-dependent cytotoxicity by
binding to tumor cell surfaces, potentially leading to cell death.”’

The effectiveness of Zolbetuximab correlates with claudinl8.2
expression levels. An ongoing study (NCT03816163) is evaluat-
ing the safety and efficacy of combining Zolbetuximab with nab-
paclitaxel and gemcitabine in claudin18.2-positive metastatic pan-
creatic adenocarcinoma patients.”® Zolbetuximab has already been
approved for first-line treatment of metastatic pancreatic cancer in
China and could become the world’s first marketed monoclonal
antibody targeting claudin18.2.

TST001

TSTO001, developed after IMAB362, is another monoclonal anti-
body targeting claudin18.2. It shows enhanced affinity and bind-
ing activity, resulting in improved natural killer cell-mediated
ADCC."8 Preclinical studies suggest that TST001 exhibits strong
anti-tumor effects and works synergistically with immune check-
point inhibitors.”® An ongoing trial (NCT04396821) is investigat-
ing the safety and tolerability of TSTO001 in patients with advanced
or metastatic solid tumors, including pancreatic adenocarcino-
ma. Other monoclonal antibodies targeting claudinl8.2, such as
ASKB589, M108, MIL93, NBL-015, and ZL-1211, are also being
evaluated in clinical trials.”®

Table 2 provides further details on additional therapies being
developed to target claudin18.2.80-82
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Role of immunotherapy

Pancreatic cancer is considered non-immunogenic and immuno-
logically “cold” because it does not respond well to common ICIs
like anti-PD-1 and anti-CTLA-4. This resistance is largely due to
the immunosuppressive environment of the tumor microenviron-
ment (TME). While immune checkpoint blockade (ICB) has been
highly successful in other cancers, PDAC has shown minimal re-
sponses to ICB alone, with overall response rates of 0% for ICB
monotherapy and only 3% when combined with anti-PD-1 and
anti-CTLA-4 antibodies.®?

In light of this, several promising immunotherapeutic ap-
proaches, including non-checkpoint-directed therapies, are being
explored. Many of these therapies are still in clinical trials and are
not yet widely available.

Oncolytic virus therapy

Oncolytic virus therapy uses specially engineered viruses that in-
fect and destroy cancer cells, triggering an immune response by
releasing tumor antigens into the bloodstream. These oncolytic
viruses have unique properties that make them an attractive treat-
ment option for pancreatic cancer. Current research is focused on
applying various oncolytic DNA and RNA viruses to specifically
target and invade cancer cells.$

1. Talimogene laherparepvec (T-VEC or OncoVEXGMCSF) is
the first oncolytic virus approved by the United States Food
and Drug Administration (hereinafter referred to as FDA) for
melanoma treatment. This virus is derived from Herpes sim-
plex virus (HSV) and contains the GM-CSF gene in its genome.
T-VEC has demonstrated potent lytic activity against various
tumor cell lines, including those from pancreatic cancer.®’

2. HF10, originating from HSV-1 and undergoing an unexpected
mutation, can effectively attack tumors while sparing healthy
tissue. It can be safely administered via direct injection for the
treatment of locally advanced pancreatic cancer, especially
when combined with erlotinib and gemcitabine.

3. VCN-01, an oncolytic adenovirus, is engineered to replicate
within cancer cells with a defective RB1 pathway. The virus
produces hyaluronidase, which helps it spread through the tu-
mor and facilitates the delivery of chemotherapy drugs and
immune cells into the cancerous tissue.®” In animal models
of PDAC, VCN-01 demonstrated enhanced anti-cancer activ-
ity when combined with chemotherapy. Clinical studies have
shown that VCN-01 can be safely administered intravenously
to PDAC patients, with manageable adverse events, highlight-
ing its positive tolerability profile.®® These findings lay a strong
foundation for the future application of oncolytic virus therapy
in pancreatic cancer treatment.

4. Two other HSV-derived oncolytic viruses, NV1020 (r7020) and
G207, have also shown effectiveness in attacking and destroy-
ing human pancreatic cancer cells both in vitro and in vivo.

5. ONCOTECH is a promising new technology that combines on-
colytic adenoviruses (OAs) with T cells to improve the delivery
of these viruses to tumors. The engineered OAs specifically tar-
get the immune checkpoint protein PD-L1. In mouse models
of PDAC, ONCOTECH significantly increased the presence of
OAs within tumor cells, leading to a reduction in PD-L1 ex-
pression and improved survival rates. This strategy of combin-
ing virotherapy and cell therapy shows great promise in cancer
treatment.””

Additionally, multiple clinical trials are investigating the effec-
tiveness of various oncolytic virus therapies for pancreatic cancer.

For example, a Phase I/II trial found that combining intratumoral
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injections of LOAd703, an oncolytic adenovirus with transgenes
for CD40L and 4-1BB ligand, with standard nab-paclitaxel/gem-
citabine chemotherapy was both safe and feasible. The treatment
achieved an overall response rate of 44% and a disease control rate
of 94% in patients with unresectable or metastatic PDAC.%

Adoptive cell transfer therapy

Adoptive cell transfer therapy is a promising form of immunother-
apy with significant potential for cancer treatment. This approach
involves using the patient’s own immune cells, particularly T cells,
to combat the disease. These cells are often collected, expanded,
and modified to enhance their ability to target and fight cancer.’!
The FDA’s approval of CAR T-cell therapy for certain blood can-
cers has greatly advanced research in this field. Modified T cells
are engineered to specifically recognize tumor cells based on their
distinct molecular characteristics.

Several immunotherapeutic approaches are associated with
adoptive cell transfer therapy, including:

Tumor-infiltrating lymphocyte (TIL) therapy

TILs are immune cells that naturally migrate to the tumor microen-
vironment. TIL therapy is an exciting strategy in which a patient’s
TILs are collected after surgical tumor removal, expanded outside
the body, and then reinfused into the patient.?2:%3

Techniques to enhance the production and activity of TILs in-
clude inhibiting the PD-1 receptor, activating the CD137 receptor,
and boosting the levels of CD8" T cells. Research has shown that
functionally expanded TILs from pancreatic tumors can recognize
tumor-associated antigens specific to pancreatic cancer.®* A meta-
analysis indicates that long-term outcomes for patients with PDAC
are strongly associated with specific TIL types, particularly CD8*
T cells.”s

Currently, two clinical trials are recruiting participants to in-
vestigate TIL therapy for metastatic PDAC (NCT03935893 and
NCTO01174121). The first trial will assess the effectiveness of au-
tologous TILs combined with fludarabine and cyclophosphamide,
while the second trial will explore the efficacy of young TILs
combined with aldesleukin (recombinant IL-2), pembrolizumab,
cyclophosphamide, and fludarabine. The young-TIL approach
involves minimal in vitro culturing and does not require pre-se-
lection for tumor recognition before rapidly expanding and infus-
ing the TILs into patients. This method has shown response rates
similar to those of screened TILs, without adding extra toxicities.?®

Genetically modified T-cell therapy

1. T-cell receptor (TCR)-engineered T-cell therapy. TCR-en-
gineered T-cell therapy involves modifying T cells outside
the body to express TCRs that can recognize specific tumor
antigens, including hard-to-target intracellular driver muta-
tions such as KRAS. TCRs can identify peptides presented by
both MHC class I and II molecules.®” A phase I clinical trial
(NCT04809766) is currently investigating the safety and effec-
tiveness of autologous mesothelin (MSLN)-specific TCR T cells
in patients with stage I'V pancreatic cancer. In this trial, patients
receive autologous MSLN-specific TCR T cells alongside treat-
ments like bendamustine, cyclophosphamide, and fludarabine.
After undergoing leukapheresis, patients receive three infusions
of TCR-MSLN cells every 21 days, with the primary focus on
assessing safety and identifying any dose-limiting toxicities.

2. CAR T-cell therapy. CAR T-cell therapy can be thought of as a
living drug administered to patients. These therapies are cus-
tomized to meet each patient’s specific needs. The process in-
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volves collecting T cells from the patient and modifying them in
the laboratory to produce CARs on their surfaces. These CARs
can recognize and bind to specific proteins, known as tumor an-
tigens, found on the surface of cancer cells. While CAR T-cell
therapy has shown impressive results in treating certain types
of B-cell leukemia and lymphoma, it faces several challenges
that hinder its broader application in treating solid tumors. Key
issues include life-threatening toxicities, cytokine release syn-
drome (CRS), limited anti-tumor effectiveness, antigen escape,
and difficulties with T-cell trafficking.?8:°

A significant barrier to the effective use of CAR T-cell ther-
apy for PDAC is the scarcity of suitable tumor-specific anti-
gens. Research by Schifer e al. identified CD318, TSPANS,
and CD66¢ as potential target molecules for CAR T-cell im-
munotherapy in PDAC, based on an analysis of 371 antigens.'??

The various therapeutic targets for CAR T-cell therapy under

study in pancreatic cancer include B7H3 (CD276), fibroblast
activation protein, human epidermal growth factor receptor 2,
MSLN, CD22, CD70, CEA, and epidermal growth factor recep-
tor (EGFR).%
. CAR-natural killer (NK) cell therapy. CAR-NK cell therapy is
an emerging approach in cancer treatment that aims to enhance
the anti-cancer capabilities of NK cells. In this therapy, NK
cells are engineered to express CARs that specifically recog-
nize antigens on cancer cells, allowing them to more effectively
target and eliminate these cells.!”! Compared to CAR T cells,
CAR NK cells offer several advantages. Their shorter lifes-
pan reduces the risk of inadvertently damaging healthy cells,
known as on-target/off-tumor toxicity. Additionally, the specific
cytokines they produce lower the risk of CRS and neurotoxic-
ity. Their decreased likelihood of alloreactivity also enables the
creation of off-the-shelf allogeneic CAR NK cells sourced from
NK cell lines.!??

However, some challenges limit the widespread use of CAR
NK cell therapy in clinical settings. Key issues include difficul-
ties in selecting appropriate antigens, the variability of antigens
among tumors, choosing suitable donors, designing effective
CARs, and the complexities of producing and storing CAR NK
cells. Furthermore, considerations regarding the ability of NK
cells to infiltrate tumors and their short lifespan are also impor-
tant factors to address.10%103

When targeting ROBO1, CAR-NK cell immunotherapy com-
bined with radiation therapy demonstrates enhanced effective-
ness in treating human PDAC in an orthotopic mouse model.'%*
Research has shown that a novel NK cell-based immunotherapy
targeting PSCA effectively inhibits PSCA+ pancreatic cancer
both in vitro and in vivo, producing promising results with-
out systemic toxicity. Additionally, a fusion of CAR-NK cells
aimed at MSLN, combined with cGAMP (a STING agonist),
resulted in reduced tumor growth and improved survival.!s

Two clinical trials have been registered to test ROBO1 and
mucin 1-specific CAR NK cells in patients with pancreatic can-
cer (NCT03941457 and NCT02839954), focusing on safety and
overall response rates. PSCA has emerged as a notable target in
pancreatic cancer immunotherapy, with CAR-NK cells target-
ing this antigen showing significant efficacy against advanced
PDAC while avoiding harmful systemic effects. These encour-
aging results support the continuation of clinical trials.

Recent advancements in genetic engineering have signifi-
cantly enhanced the therapeutic efficacy of NK cells by improv-
ing their cytotoxic potential, persistence, and tumor infiltration.
CRISPR/Cas9-mediated genome editing has facilitated precise
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modifications, such as the knockout of inhibitory receptors that
dampen NK cell activation and the integration of CAR constructs
into optimal genomic loci to enhance functionality.!?® Addition-
ally, the deletion of cytokine-inducible SH2-containing protein
has been shown to improve NK cell metabolic fitness, leading
to prolonged survival and increased anti-tumor activity.!’” Fur-
thermore, engineering strategies aimed at enhancing tumor in-
filtration have focused on overexpressing chemokine receptors,
such as CXCR2, CXCR4, and CCR7, which direct NK cells to
tumor sites expressing corresponding ligands. Efforts to reduce
fratricide among CAR NK cells have led to the development
of inhibitory CAR receptors that prevent self-targeting, while
allogeneic applications have been optimized through beta-2
microglobulin knockout strategies to evade immune rejection.
These advancements collectively contribute to the development
of more robust and persistent NK cell therapies.'8

In parallel, innovative approaches in NK cell sourcing have
addressed the challenges of scalability and clinical applicabili-
ty, ensuring a consistent and functional cell supply for therapeu-
tic use. Induced pluripotent stem cell (iPSC)-derived NK cells
have emerged as a renewable and standardized source, allowing
for precise genetic modifications at the pluripotent stage before
differentiation. These cells have demonstrated enhanced ADCC
when engineered with high-affinity, non-cleavable CD16 recep-
tors, making them highly effective in combination therapies.!?”
Additionally, umbilical cord blood-derived NK cells offer a
highly proliferative alternative, with ex vivo expansion strate-
gies utilizing optimized cytokine cocktails to maintain cyto-
toxic potential.!!® These advancements in NK cell sourcing are
critical to the broader clinical application of NK cell-based im-
munotherapies.

In the context of pancreatic cancer, engineered NK cell ther-
apies have been developed to counteract the highly immuno-
suppressive TME that limits NK cell infiltration and function.
One approach involves the use of chimeric antigen receptor-
modified NK cells designed to target tumor-associated antigens
specifically expressed in pancreatic cancer, thereby enhancing
cytotoxicity. Additionally, strategies aimed at reversing im-
mune suppression within the TME, such as the inhibition of
transforming growth factor-beta signaling, have been explored
to enhance the persistence and efficacy of adoptively trans-
ferred NK cells.1%® These efforts collectively aim to improve
NK cell-based therapeutic responses in pancreatic cancer, a
malignancy that has historically been challenging to treat with
immunotherapy.

. Cytokine-induced killer (CIK) cell therapy. CIK cells are a

diverse group of CD8* T cells derived from lymphocytes col-
lected from human peripheral blood. They are expanded ex vivo
using an anti-CD3 antibody, IFN-y, and IL-2. CIK cells can
kill cancer cells through mechanisms involving FasL and per-
forin. They are categorized into two main subsets based on the
presence of the CD56 surface molecule: one subset expresses
both CD3 and CD56, while the other expresses CD3 but lacks
CD56.1" The use of CIK cells in cancer treatment has been
shown to be both effective and safe, resulting in improved sur-
vival rates for patients with various tumors. When combined
with chemotherapy, CIK cell therapy further enhances the pre-
vention of cancer recurrence and boosts patient prognosis.
Recent research has explored CIK cells as a potential sec-
ond-line treatment for advanced pancreatic cancer, yielding
positive results whether used alone or in combination with other
therapies. In a phase II clinical trial, patients with gemcitabine-
refractory advanced pancreatic cancer who received CIK cell
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therapy had a median overall survival of 6.2 months."? Addi-
tionally, gemcitabine-resistant patients treated with CIK cells
alongside S-1, an oral fluoropyrimidine derivative, achieved a
median overall survival of 6.6 months, outperforming the 6.1
months seen in those treated with S-1 alone.'!3

5. Immune checkpoint-oriented immunotherapy. Immunotherapy
has emerged as a key component of cancer treatment, largely
due to the success of ICB, highlighted by the approval of ipili-
mumab in 2011. By targeting specific inhibitory immune check-
points such as CTLA-4, PD-1, and PD-L1, ICB effectively in-
terrupts or reverses the acquired peripheral tolerance to cancer
antigens, thereby restoring T-cell activation.!

Inhibitory immune checkpoints

1. PD-1/PD-LI axis. The PD-1/PD-L1 axis has been explored in
pancreatic cancer following successful anti-PD-1/PD-L1 treat-
ments in melanoma. PD-1, a member of the B7-CD28 protein
family, is linked to T-cell exhaustion, while its ligands, PD-L1
and PD-L2, are expressed by various cells, including tumor
cells and immune-suppressive cells. When PD-1 binds to PD-
L1, it inhibits T-cell activation, leading to exhaustion.!!>116
Some cancers have shown positive responses to PD-1/PD-L1
inhibitors, but responses can vary significantly among patients,
suggesting that other ligands, like PD-L2, may also influence
treatment efficacy, particularly in pancreatic cancer. Research
indicates that PD-L2 is upregulated in chemotherapy-induced
senescent cancer cells, helping them evade the immune system.
Blocking PD-L2 in combination with chemotherapy has led to
tumor regression in mice, indicating a potential therapeutic av-
enue 17118

Additionally, combination therapies targeting both PD-L1
and CCL5 have demonstrated benefits in pancreatic cancer by
reducing regulatory T cell and tumor-associated macrophage
infiltration, activating CD8" T cells, and enhancing overall sur-
vival.'" Further combinations, such as anti-TNFR2 with PD-
L1 antibodies, have shown promise by diminishing regulatory
T cell (Treg) and macrophage infiltration while boosting CD8"
T cell activation.!?® Novel approaches, such as a bispecific
immunocytokine targeting PD-1 and IL-2Rfy, have also been
effective in reducing tumor progression when combined with
radiotherapy.'?!

2. CTLA-4 (CD152). CTLA-4, primarily found on Tregs, inhib-
its T-cell activation by suppressing co-stimulatory signals and
removing CD80 and CD86 from antigen-presenting cells. This
interaction regulates T-cell entry into the pancreatic cancer mi-
croenvironment.''> Blocking CTLA-4 can facilitate the infiltra-
tion of CD4* and CD8" T cells into tumors, leading to tumor re-
gression via a mechanism dependent on T cells and CXCR3.122

3. LAG-3. The LAG-3 signaling pathway allows cancer cells to
evade immune detection by diminishing T-cell functionality and
hindering the activation of dendritic cells that promote T-cell
growth. LAG-3 also regulates T-cell proliferation and can en-
hance immunosuppression via Tregs. Patients with pancreatic
cancer exhibiting LAG-3 on tumor-infiltrating lymphocytes
tend to have poorer disease-free survival rates.'?® Targeting
LAG-3, alongside other checkpoints, may enhance antitumor
immunity.

4. T-cell immunoreceptor with immunoglobulin and immunore-
ceptor tyrosine-based inhibition motif domain (TIGIT). TIGIT
is expressed on immune cells and inhibits T-cell activation by
binding to CD155 and CD112, generating suppressive signals.
It can also compete with activating receptors, further dampening
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T-cell responses. Increased expression of PD-1 and TIGIT has
been observed in tumor-infiltrating T cells. To boost CD8" T-
cell responses against tumors, co-blocking the TIGIT and PD-1
pathways may be necessary.'?* Co-blockade has been shown to
rejuvenate tissue-resident memory T cells in pancreatic cancer
and enhance the effectiveness of vaccinations.'?> Moreover, the
CDI155/TIGIT axis plays a crucial role in immune evasion in
pancreatic cancer, and combining TIGIT and PD-1 blockade
may provide a promising therapeutic strategy.

Cancer vaccines

Cancer vaccines are being actively studied in the context of pan-
creatic cancer, though many remain in pre-clinical stages. These
vaccines include whole tumor cell vaccines, DNA vaccines, den-
dritic cell vaccines, mRNA vaccines, and peptide vaccines. While
conventional immunotherapies are often effective against cancers
with identifiable surface antigens, cancer vaccines have the advan-
tage of targeting a broader range of intracellular antigens.3’

Whole tumor cell vaccines

Whole tumor cell vaccines are a direct approach to tumor immu-
notherapy, incorporating both CD4" helper T-cell and cytotoxic
T lymphocyte (CTL) epitopes. One example is Algenpantucel-L
(NLG0205), which demonstrated an 86% one-year survival rate,
51% at two years, and 42% at three years when combined with
gemcitabine and 5-fluorouracil in a phase II study.'?® However,
another study found that Algenpantucel did not provide significant
benefits for patients with advanced PDAC when combined with
standard care protocols, including neo-adjuvant chemotherapy and
chemoradiation.'?’

To stimulate T-cell responses against various tumor antigens,
scientists have developed the GVAX vaccine. This allogeneic vac-
cine consists of human GM-CSF-secreting whole tumor cells.!28:129
Research has shown that both neo-adjuvant and adjuvant GVAX,
with or without the addition of nivolumab (an anti-PD-1 mono-
clonal antibody) and urelumab (an anti-CD137 agonist), safely
increase the number of activated effector T cells infiltrating tu-
mors, significantly enhancing disease-free survival compared to
GVAX alone.!3" However, a phase II study of 82 patients found no
improvement in OS when GVAX was combined with nivolumab,
suggesting that further refinement of this therapeutic approach is
necessary. 3!

Denderitic cell (DC) vaccines

DC vaccines are created by isolating DCs from a patient’s blood
and loading them with tumor-associated antigens (TAAs) or tu-
mor-derived mRNA. Once administered, these modified DCs trav-
el to lymph nodes, where they present antigens to T lymphocytes
and provide co-stimulatory signals.’3? In one study, DCs pulsed
with the mucin 1 peptide demonstrated safety and efficacy in elic-
iting an immune response in patients with advanced pancreatic
cancer.'33

Many pancreatic cancer cells overexpress Wilms’ tumor 1,
prompting studies that evaluate the use of DCs pulsed with Wilms’
tumor 1 peptides alongside chemotherapy.!3*135 A multicenter
analysis of 255 patients indicated that those receiving a DC vac-
cine had improved survival rates, especially if a positive erythema
reaction occurred at the injection site.!3

Additionally, research using mesothelioma lysate-loaded DCs
combined with FGK45 (a CD40 agonist) in mouse models of
PDAC showed significant transcriptomic changes and improved
survival. The addition of lymphokine-activated killer cell therapy
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to DC-based immunotherapy and gemcitabine notably increased
survival in advanced pancreatic cancer patients.!3” However, stan-
dalone DC vaccination increased cancer antigen-targeting CTLs
while reducing Tregs.

Peptide vaccines

GV1001, a peptide vaccine derived from a portion of telomerase
(hTERT), has demonstrated significant cell-penetrating capabili-
ties. In a phase II trial, most patients with advanced pancreatic can-
cer exhibited immune responses that resulted in improved median
survival compared to non-responders.'3¥ However, a later phase 111
trial combining GV1001 with chemotherapy failed to show signifi-
cant improvements in OS.'3°

Another peptide vaccine, KIF20A-66, evaluated in a phase I/II
trial, was well-tolerated, with a median OS of 142 days and a medi-
an progression-free survival of 56 days.!*’ More recently, a phase
I study of ELI-002 2P, aimed at KRAS-mutated pancreatic cancer,
yielded promising results. This vaccine targets lymph nodes and
includes modified long peptides for G12D and G12R mutations in
KRAS, along with the TLR9 agonist CpG-7909 DNA. It was well-
tolerated, induced strong T-cell responses, cleared biomarkers, and
improved relapse-free survival, suggesting its potential for treating
KRAS-mutant tumors resistant to other immunotherapies.!*!

DNA vaccines

Several studies have shown that DNA vaccines targeting TAAs can
significantly extend survival in mice with PDAC. One effective
example is a DNA vaccine targeting a-enolase.'*> Combining this
DNA vaccine with chemotherapy (gemcitabine) improved efficacy
against multiple TAAs, including enolase, glyceraldehyde-3-phos-
phate dehydrogenase, keratin type II cytoskeletal 8, and far up-
stream binding protein 1.'43 Additionally, a DNA vaccine targeting
mucin 1-variable number tandem repeat showed strong cytotoxic
effects in both in vivo and in vitro studies.!**

Another DNA vaccine targeting fibroblast activation protein al-
pha and survivin reduced immunosuppressive cells and increased
TILs, creating a more favorable tumor microenvironment for im-
mune responses against pancreatic tumors.'#3

mRNA vaccines

mRNA-based personalized cancer vaccines are designed to in-
clude specific tumor-specific antigens and TAAs. After adminis-
tration, antigen-presenting cells take up the mRNA and present
the corresponding peptide antigens, triggering immune respons-
es from CTLs and memory T cells. One such mRNA vaccine,
RO7198457 (also known as BNT122), targets tumor neo-antigens
to stimulate T-cell responses. Several clinical trials are planned
for various cancers, including pancreatic cancer (NCT04161755
and NCT05968326), solid tumors (NCT03289962), melanoma
(NCT03815058), and colon cancer (NCT04486378), though re-
sults from many of these studies are still pending.

A clinical trial led by Memorial Sloan Kettering Cancer Center
(NCT04161755) investigated an mRNA vaccine called autogene
cevumeran, delivered via uridine mRNA-lipoplex nanoparticles.
After surgery, patients received a combination of the mRNA vac-
cine (targeting up to 20 neo-antigens per patient), atezolizumab,
and chemotherapy. The findings revealed that vaccine-enhanced T
cells accounted for up to 10% of the total T cells in the bloodstream
and re-expanded after a booster. These re-expanded cells included
long-lasting, multifunctional CD8" T cells that specifically tar-
geted pancreatic cancer neo-antigens. After a median follow-up
of 18 months, patients with vaccine-enhanced T cells showed sig-
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nificantly longer median recurrence-free survival compared to the
control group.'*® The vaccine is now being further evaluated in a
phase Il randomized trial (NCT05968326) comparing its effective-
ness to standard chemotherapy (FOLFIRINOX).

Viral and bacterial vector-based vaccines

Viral and bacterial vectors have been used to deliver genetic mate-
rial encoding tumor antigens into human cells, which then pro-
duce the tumor antigens and activate the immune response. For
example, bacterial vectors have been explored in the treatment of
castration-resistant prostate cancer, showing promising anti-tumor
effects in clinical trials.!*” A notable example is CRS207, a live
attenuated strain of Listeria monocytogenes engineered to express
MSLN. In patients with metastatic pancreatic cancer, CRS207 has
demonstrated promising results, including prolonged survival with
minimal adverse effects.!8

Another approach uses Salmonella as a vector for delivering
exogenous immunization antigens, redirecting CD8" T cells to tar-
get cancer cells within tumors. This method has shown complete
eradication of pancreatic tumors, enhanced anti-tumor immunity,
and significant improvements in survival rates in mouse models
of PDAC.'*® Additionally, the vascular endothelial growth factor
receptor-2 (VEGFR-2), a key target for anti-angiogenic therapies,
is found on tumor blood vessels. VXMO0I, an oral tumor vaccine
using attenuated Salmonella carrying a VEGFR-2 expression plas-
mid, was evaluated in a phase I trial with advanced pancreatic can-
cer patients. The vaccine was well-tolerated, with no dose-limiting
toxicities, and led to significant increases in VEGFR-2-specific
T effector responses. Patients receiving the vaccine experienced
reduced tumor perfusion and higher serum levels of biomarkers
associated with anti-angiogenic activity, correlating with their pre-
existing levels of VEGFR-2-specific T cells.!5

Stem cell-based vaccines

Due to the similarities in cellular and molecular characteristics
between cancer cells and embryonic tissues, iPSCs hold potential
for cancer vaccine development. iPSCs exhibit gene expression
profiles resembling those of tumor cells. Research indicates that
iPSC-based vaccines can effectively inhibit tumor growth in vari-
ous murine models, including breast cancer, mesothelioma, and
melanoma.?? In PDAC mouse models, iPSC-derived cancer vac-
cines have been shown to provoke a robust immune response. This
includes enhanced activity of CD8" effector and memory T cells
against tumor cells, the production of antibodies targeting cancer
cells, and a reduction in immunosuppressive Tregs comprised of
CD4" T cells.!!

CRISPR/Cas9 and pancreatic cancer immunotherapy

CRISPR/Cas9 is a precise gene-editing tool that is transforming
cancer research and treatment. Combining CRISPR/Cas9 with
cancer immunotherapy holds the potential to expand the effec-
tiveness of immunotherapy to a broader range of patients. Current
clinical trials are exploring the use of CRISPR/Cas9 in immune
cells for targeted genome modifications. This technology enables
highly efficient, site-specific gene knockouts, helping to address
persistent challenges in cancer treatment, such as T-cell exhaustion
and the immunosuppressive TME.!52

In pancreatic cancer research, many studies employ CRISPR/
Cas9 for gene knockout purposes. For instance, disrupting the
CD73 gene in both human and mouse models of pancreatic cancer
inhibited cell proliferation and migration, effectively arresting the
cells in the G1 phase of the cell cycle. This knockout also affected
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the ERK/signal transducer and activator of transcription 3 signal-
ing pathway and activated the E-cadherin pathway.'53

Another study revealed that mesenchymal-like pancreatic can-
cer cells are more resistant to immune cell attacks than their epi-
thelial-like counterparts. Using CRISPR/Cas9 knockout screens,
researchers identified several mesenchymal-specific genes, such
as Egfr and Mfge8, that contribute to immune resistance.!5* More-
over, applying CRISPR/Cas9 to induce targeted BRCA1/2 muta-
tions restored sensitivity to the drug olaparib in pancreatic cancer
cells.153

Despite challenges such as off-target effects and immunogenici-
ty, these studies underscore the promising applications of CRISPR/
Cas9 in pancreatic cancer immunotherapy.

Having examined the role of cytotoxic and immunotherapeutic
strategies in treating pancreatic neoplasms, we now turn to emerg-
ing targeted therapies that offer new avenues for more precise and
effective treatment.

Future directions

Targeting epigenetic changes and the tumor microenvironment
represents a novel approach to overcoming tumor defenses and
improving immune infiltration in these “cold” tumors. However,
these modalities require extensive clinical testing before they can
be translated into improved patient outcomes.

Costimulatory molecule agonists

Activating CD40 with agonistic antibodies is a promising strategy
in cancer immunotherapy. Several anti-CD40 antibodies, such as
SGN-40 and selicrelumab, are currently in clinical trials.’>¢ In a
phase I trial combining an anti-CD40 antibody with gemcitabine
for pancreatic cancer, safety was confirmed, although efficacy was
minimal.’” However, this combination may enhance CD8" T cell
accumulation against tumors. Selicrelumab treatment significantly
altered the TME by increasing T cell presence and reducing tumor
fibrosis and M2-like TAMs.'¥ Additionally, using a drug-eluting
device for sustained CD40 monoclonal antibody delivery showed
positive effects on the TME and tumor size in mouse models.'?

Neutralizing tumor acidity

Tumor acidosis is a major immunosuppressive factor in pancreatic
cancer. A study investigated L-DOS47, a urease immunoconjugate
designed to neutralize tumor acidity and improve immunotherapy
responses. L-DOS47 binds to CEACAMG6 and raises local pH
by converting urea into ammonia and carbon dioxide. In mouse
models, L-DOS47 increased extracellular pH and, when combined
with anti-PD-1 therapy, significantly reduced tumor growth.'¢0

Targeting desmoplastic barriers

Desmoplastic barriers, such as hyaluronan in the stroma, hinder
effective immunotherapy in pancreatic cancer. Targeting these bar-
riers can improve drug delivery and chemotherapy efficacy. For
example, removing hyaluronan in mouse models enhanced vas-
cular permeability and improved outcomes when combined with
gemcitabine.'®’ Combining PEGPH20 (a hyaluronidase) with a
focal adhesion kinase inhibitor and anti-PD-1 therapy increased
survival rates and T cell infiltration, altering the tumor immune
landscape.!62

Innate immune activation

Stimulating the innate immune system is a promising strategy
against pancreatic cancer. A genetically modified strain of Listeria
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monocytogenes expressing MSLN, combined with the GVAX vac-
cine, improved survival rates in patients. This approach increased
T cell infiltration and helped convert cold tumors into hot tumors
with elevated immune activity. Activation of innate immune path-
ways such as cGAS and STING enhances type [ interferon produc-
tion, crucial for CD8" T cell development. STING activation has
shown promise in reversing immune suppression and shrinking
tumors in preclinical studies, potentially improving responses to
PD-1 and CTLA-4 therapies.!3

TME-modulating agents

Effective immunotherapy for pancreatic cancer often requires
multifaceted strategies to promote T cell infiltration and activity
within a hostile TME. Current research aimed to enhance the TME
in PDAC, stimulate immune responses, and improve T cell therapy
outcomes.!®* ADH-503, a small molecule that binds CD11b, en-
hances myeloid cell adhesion, shifts TAM polarization toward an
anti-tumor phenotype, and improves survival in PDAC models.
Although well tolerated in trials, ADH-503 did not yield signifi-
cant clinical responses in pancreatic cancer patients.'%5 Inhibiting
the CCL2/CCR2 pathway has also shown early signs of efficacy,
though results have been mixed.

Inhibition of the CXCR4/CXCL12 axis also modulates the
TME. CXCR4 knockdown reduced pancreatic cancer cell invasive-
ness, and its blockade combined with PD-1 inhibition enhanced
tumor cell death and lymphocyte expansion.!® The CXCR4 in-
hibitor AMD3100 increased T cell presence in tumors and boosted
the efficacy of PD-L1 therapy. Other CXCR4 antagonists, such as
motixafortide, have shown promise in combination with pembroli-
zumab by increasing CD8" T cell infiltration and reducing immune
suppressor cells.167

Pharmacologic inhibition of the A2A adenosine receptor is be-
ing explored to enhance anti-PD-1 therapy efficacy, reflecting the
need for a multifaceted approach in pancreatic cancer immuno-
therapy.'08

Several therapeutics targeting CD73 and adenosine receptors
have been developed. Oleclumab (MEDI9447), a monoclonal
antibody against CD73, slowed tumor growth and enhanced im-
mune cell infiltration in colon cancer models. When combined
with anti-PD-1 treatment, it achieved complete tumor elimination
in 60% of animal subjects.'® Clinical trials of oleclumab, alone
or with durvalumab, in patients with advanced pancreatic cancer
who were unresponsive to anti-PD-L1 therapies, showed good tol-
erability and some partial responses lasting 22 to 28 months (two
of 73 patients; NCT02503774). Additionally, a study of quemli-
clustat, a small-molecule CD73 inhibitor, combined with standard
treatments and zimberelimab in patients with metastatic pancreatic
cancer reported a safety profile similar to that of single agents,
with no new toxicities. Some patients experienced extended partial
responses (NCT04104672).

Conclusions

Although pancreatic cancer is relatively rare compared to other
solid tumors, it remains the third leading cause of cancer-related
mortality in the United States. Early diagnosis continues to elude
most patients, as current screening is largely limited to high-risk
populations due to insufficient diagnostic accuracy, and the broad
applicability of early detection remains limited. Treatment options
are still predominantly based on decades-old chemotherapeutic
regimens, and newer immunologically targeted therapies have yet
to become standardized.

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025


https://doi.org/10.14218/JTG.2024.00037

Murthy A.V. et al: Advances in pancreatic cancer care

As the landscape of pancreatic cancer research evolves, there
is renewed hope for both patients and healthcare providers. By
harnessing advancements in diagnostics and treatment, we antici-
pate a future where early detection and personalized therapies can
significantly improve survival rates and quality of life for those
affected by this challenging disease. Collectively, these efforts rep-
resent a critical step toward transforming pancreatic cancer from
a typically fatal diagnosis into a more manageable and treatable
condition.

Acknowledgments

None.

Funding

None to declare.

Conflict of interest

The authors have no conflict of interests related to this publication.

Author contributions

Contributed to study concept and design (DR), resource acquisi-
tion (AVM, AN), drafting of the manuscript (AVM, AN), visu-
alization (AN), critical revision of the manuscript (DR), and su-
pervision (DR). All authors have approved the final version and
publication of the manuscript.

References

[1] Kaur S, Baine MJ, Jain M, Sasson AR, Batra SK. Early diagnosis of
pancreatic cancer: challenges and new developments. Biomark Med
2012;6(5):597-612. doi:10.2217/bmm.12.69, PMID:23075238.

[2] American Cancer Society. Key Statistics for Pancreatic Cancer. Atlan-
ta, GA: American Cancer Society; 2025.

[3] Kim VM, Ahuja N. Early detection of pancreatic cancer. Chin J Cancer
Res 2015;27(4):321-331. d0i:10.3978/j.issn.1000-9604.2015.07.03,
PMID:26361402.

[4] Overbeek KA, Goggins MG, Dbouk M, Levink 1JM, Koopmann BDM,
Chuidian M, et al. Timeline of Development of Pancreatic Cancer
and Implications for Successful Early Detection in High-Risk Individu-
als. Gastroenterology 2022;162(3):772—785.e4. doi:10.1053/j.gas-
tro.2021.10.014, PMID:34678218.

[5] Placido D, Yuan B, Hjaltelin JX, Zheng C, Haue AD, Chmura PJ, et al.
A deep learning algorithm to predict risk of pancreatic cancer from
disease trajectories. Nat Med 2023;29(5):1113-1122. doi:10.1038/
$41591-023-02332-5, PMID:37156936.

[6] Scialpi M, Reginelli A, D’Andrea A, Gravante S, Falcone G, Baccari P,
et al. Pancreatic tumors imaging: An update. Int J Surg 2016;28(Suppl!
1):5142-5155. doi:10.1016/j.ijsu.2015.12.053, PMID:26777740.

[7]1 Luz LP, Al-Haddad MA, Sey MS, DeWitt JM. Applications of endo-
scopic ultrasound in pancreatic cancer. World J Gastroenterol 2014;
20(24):7808-7818. d0i:10.3748/wjg.v20.i24.7808, PMID:24976719.

[8] Agarwal B, Abu-Hamda E, Molke KL, Correa AM, Ho L. Endoscopic ultra-
sound-guided fine needle aspiration and multidetector spiral CT in the
diagnosis of pancreatic cancer. Am J Gastroenterol 2004;99(5):844—
850. do0i:10.1111/j.1572-0241.2004.04177.x, PMID:15128348.

[9] Wiersema MJ. Accuracy of endoscopic ultrasound in diagnosing and
staging pancreatic carcinoma. Pancreatology 2001;1(6):625-632.
doi:10.1159/000055872, PMID:12120245.

[10] Bhutani MS, Gress FG, Giovannini M, Erickson RA, Catalano MF, Chak
A, et al. The No Endosonographic Detection of Tumor (NEST) Study:
a case series of pancreatic cancers missed on endoscopic ultrasonog-

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

J Transl Gastroenterol

raphy. Endoscopy 2004;36(5):385-389. doi:10.1055/s-2004-814320,
PMID:15100944.

Ranney N, Phadnis M, Trevino J, Ramesh J, Wilcox CM, Varadara-
julu S. Impact of biliary stents on EUS-guided FNA of pancreatic
mass lesions. Gastrointest Endosc 2012;76(1):76—83. doi:10.1016/].
gie.2012.02.049, PMID:22726468.

Hewitt MJ, McPhail MJ, Possamai L, Dhar A, Vlavianos P, Monahan KJ.
EUS-guided FNA for diagnosis of solid pancreatic neoplasms: a meta-
analysis. Gastrointest Endosc 2012;75(2):319-331. doi:10.1016/j.
gie.2011.08.049, PMID:22248600.

Hébert-Magee S, Bae S, Varadarajulu S, Ramesh J, Frost AR, Eloubeidi
MA, et al. The presence of a cytopathologist increases the diagnostic
accuracy of endoscopic ultrasound-guided fine needle aspiration cy-
tology for pancreatic adenocarcinoma: a meta-analysis. Cytopathol-
ogy 2013;24(3):159-171. doi:10.1111/cyt.12071, PMID:23711182.
Wang KX, Ben QW, Jin ZD, Du YQ, Zou DW, Liao Z, et al. Assessment of
morbidity and mortality associated with EUS-guided FNA: a system-
atic review. Gastrointest Endosc 2011;73(2):283-290. doi:10.1016/j.
gie.2010.10.045, PMID:21295642.

Grassia R, Imperatore N, Capone P, Cereatti F, Forti E, Antonini F, et
al. EUS-guided tissue acquisition in chronic pancreatitis: Differential
diagnosis between pancreatic cancer and pseudotumoral masses us-
ing EUS-FNA or core biopsy. Endosc Ultrasound 2020;9(2):122-129.
doi:10.4103/eus.eus_75_19, PMID:32295970.

Gong TT, Hu DM, Zhu Q. Contrast-enhanced EUS for differential
diagnosis of pancreatic mass lesions: a meta-analysis. Gastroin-
test Endosc 2012;76(2):301-309. doi:10.1016/j.gie.2012.02.051,
PMID:22703697.

Sigrist RMS, Liau J, Kaffas AE, Chammas MC, Willmann JK. Ultra-
sound Elastography: Review of Techniques and Clinical Applica-
tions. Theranostics 2017;7(5):1303-1329. doi:10.7150/thno.18650,
PMID:28435467.

Hu DM, Gong TT, Zhu Q. Endoscopic ultrasound elastography for
differential diagnosis of pancreatic masses: a meta-analysis. Dig
Dis Sci 2013;58(4):1125-1131. doi:10.1007/s10620-012-2428-5,
PMID:23306838.

Mei M, Ni J, Liu D, Jin P, Sun L. EUS elastography for diagnosis of
solid pancreatic masses: a meta-analysis. Gastrointest Endosc
2013;77(4):578-589. doi:10.1016/j.gie.2012.09.035, PMID:23199646.
Saftoiu A, lordache SA, Gheonea DI, Popescu C, Malos A, Go-
runescu F, et al. Combined contrast-enhanced power Doppler and
real-time sonoelastography performed during EUS, used in the dif-
ferential diagnosis of focal pancreatic masses (with videos). Gastro-
intest Endosc 2010;72(4):739-747. doi:10.1016/j.gie.2010.02.056,
PMID:20674916.

Lee ES, Lee JM. Imaging diagnosis of pancreatic cancer: a state-
of-the-art review. World J Gastroenterol 2014;20(24):7864-7877.
doi:10.3748/wjg.v20.i24.7864, PMID:24976723.

Tamm EP, Balachandran A, Bhosale P, Szklaruk J. Update on 3D and
multiplanar MDCT in the assessment of biliary and pancreatic pa-
thology. Abdom Imaging 2009;34(1):64—74. doi:10.1007/s00261-
008-9416-4, PMID:18483805.

Brook OR, Gourtsoyianni S, Brook A, Siewert B, Kent T, Raptopoulos V.
Split-bolus spectral multidetector CT of the pancreas: assessment of
radiation dose and tumor conspicuity. Radiology 2013;269(1):139—
148. doi:10.1148/radiol.13121409, PMID:23674791.

Zhang L, Sanagapalli S, Stoita A. Challenges in diagnosis of pancreatic
cancer. World J Gastroenterol 2018;24(19):2047-2060. doi:10.3748/
wjg.v24.i19.2047, PMID:29785074.

Okano K, Suzuki Y. Strategies for early detection of resectable pan-
creatic cancer. World J Gastroenterol 2014;20(32):11230-11240.
doi:10.3748/wjg.v20.i32.11230, PMID:25170207.

Okano K, Kakinoki K, Akamoto S, Hagiike M, Usuki H, Yamamoto Y,
et al. 18F-fluorodeoxyglucose positron emission tomography in
the diagnosis of small pancreatic cancer. World J Gastroenterol
2011;17(2):231-235. doi:10.3748/wjg.v17.i2.231, PMID:21245997.
Kumar R, Sharma A, Garg P, Sharma R, Datta-Gupta S. Role of dual-
point 18F-FDG-PET/CT in the diagnosis of pancreatic adenocarcino-
ma, in patients with and without concomitant chronic pancreatitis:
Comparison with CECT and EUS. Pancreatology 2021;21(4):746-754.
doi:10.1016/j.pan.2021.02.011, PMID:33632664.

87


https://doi.org/10.14218/JTG.2024.00037
https://doi.org/10.2217/bmm.12.69
http://www.ncbi.nlm.nih.gov/pubmed/23075238
https://doi.org/10.3978/j.issn.1000-9604.2015.07.03
http://www.ncbi.nlm.nih.gov/pubmed/26361402
https://doi.org/10.1053/j.gastro.2021.10.014
https://doi.org/10.1053/j.gastro.2021.10.014
http://www.ncbi.nlm.nih.gov/pubmed/34678218
https://doi.org/10.1038/s41591-023-02332-5
https://doi.org/10.1038/s41591-023-02332-5
http://www.ncbi.nlm.nih.gov/pubmed/37156936
https://doi.org/10.1016/j.ijsu.2015.12.053
http://www.ncbi.nlm.nih.gov/pubmed/26777740
https://doi.org/10.3748/wjg.v20.i24.7808
http://www.ncbi.nlm.nih.gov/pubmed/24976719
https://doi.org/10.1111/j.1572-0241.2004.04177.x
http://www.ncbi.nlm.nih.gov/pubmed/15128348
https://doi.org/10.1159/000055872
http://www.ncbi.nlm.nih.gov/pubmed/12120245
https://doi.org/10.1055/s-2004-814320
http://www.ncbi.nlm.nih.gov/pubmed/15100944
https://doi.org/10.1016/j.gie.2012.02.049
https://doi.org/10.1016/j.gie.2012.02.049
http://www.ncbi.nlm.nih.gov/pubmed/22726468
https://doi.org/10.1016/j.gie.2011.08.049
https://doi.org/10.1016/j.gie.2011.08.049
http://www.ncbi.nlm.nih.gov/pubmed/22248600
https://doi.org/10.1111/cyt.12071
http://www.ncbi.nlm.nih.gov/pubmed/23711182
https://doi.org/10.1016/j.gie.2010.10.045
https://doi.org/10.1016/j.gie.2010.10.045
http://www.ncbi.nlm.nih.gov/pubmed/21295642
https://doi.org/10.4103/eus.eus_75_19
http://www.ncbi.nlm.nih.gov/pubmed/32295970
https://doi.org/10.1016/j.gie.2012.02.051
http://www.ncbi.nlm.nih.gov/pubmed/22703697
https://doi.org/10.7150/thno.18650
http://www.ncbi.nlm.nih.gov/pubmed/28435467
https://doi.org/10.1007/s10620-012-2428-5
http://www.ncbi.nlm.nih.gov/pubmed/23306838
https://doi.org/10.1016/j.gie.2012.09.035
http://www.ncbi.nlm.nih.gov/pubmed/23199646
https://doi.org/10.1016/j.gie.2010.02.056
http://www.ncbi.nlm.nih.gov/pubmed/20674916
https://doi.org/10.3748/wjg.v20.i24.7864
http://www.ncbi.nlm.nih.gov/pubmed/24976723
https://doi.org/10.1007/s00261-008-9416-4
https://doi.org/10.1007/s00261-008-9416-4
http://www.ncbi.nlm.nih.gov/pubmed/18483805
https://doi.org/10.1148/radiol.13121409
http://www.ncbi.nlm.nih.gov/pubmed/23674791
https://doi.org/10.3748/wjg.v24.i19.2047
https://doi.org/10.3748/wjg.v24.i19.2047
http://www.ncbi.nlm.nih.gov/pubmed/29785074
https://doi.org/10.3748/wjg.v20.i32.11230
http://www.ncbi.nlm.nih.gov/pubmed/25170207
https://doi.org/10.3748/wjg.v17.i2.231
http://www.ncbi.nlm.nih.gov/pubmed/21245997
https://doi.org/10.1016/j.pan.2021.02.011
http://www.ncbi.nlm.nih.gov/pubmed/33632664

J Transl Gastroenterol

[28]

[29]

(30]

(31]

[32]

[33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

88

Tanday S. Biomarkers in blood could help to detect pancreatic cancer.
Lancet Oncol 2014;15(3):e108. doi:10.1016/s1470-2045(14)70033-
6, PMID:24809088.

Goggins M. Molecular markers of early pancreatic cancer. J Clin Oncol
2005;23(20):4524-4531. doi:10.1200/JC0.2005.19.711, PMID:1600
2843.

QO’Brien J, Hayder H, Zayed Y, Peng C. Overview of MicroRNA Biogen-
esis, Mechanisms of Actions, and Circulation. Front Endocrinol (Laus-
anne) 2018;9:402. doi:10.3389/fend0.2018.00402, PMID:30123182.
Vicentini C, Fassan M, D’Angelo E, Corbo V, Silvestris N, Nuovo GJ,
et al. Clinical application of microRNA testing in neuroendocrine tu-
mors of the gastrointestinal tract. Molecules 2014;19(2):2458-2468.
doi:10.3390/molecules19022458, PMID:24566314.

Abue M, Yokoyama M, Shibuya R, Tamai K, Yamaguchi K, Sato |, et
al. Circulating miR-483-3p and miR-21 is highly expressed in plasma
of pancreatic cancer. Int J Oncol 2015;46(2):539-547. doi:10.3892/
ij0.2014.2743, PMID:25384963.

Yang J, Xu R, Wang C, Qiu J, Ren B, You L. Early screening and diagno-
sis strategies of pancreatic cancer: a comprehensive review. Cancer
Commun (Lond) 2021;41(12):1257-1274. doi:10.1002/cac2.12204,
PMID:34331845.

Yi JM, Guzzetta AA, Bailey VJ, Downing SR, Van Neste L, Chiappinelli
KB, et al. Novel methylation biomarker panel for the early detec-
tion of pancreatic cancer. Clin Cancer Res 2013;19(23):6544—6555.
doi:10.1158/1078-0432.CCR-12-3224, PMID:24088737.

Corcoran RB, Chabner BA. Application of Cell-free DNA Analy-
sis to Cancer Treatment. N Engl J Med 2018;379(18):1754-1765.
doi:10.1056/NEJMral706174, PMID:30380390.

Watanabe K, Nakamura Y, Low SK. Clinical implementation and cur-
rent advancement of blood liquid biopsy in cancer. J Hum Genet
2021;66(9):909-926. doi:10.1038/s10038-021-00939-5, PMID:3408
8974.

Wan JCM, Massie C, Garcia-Corbacho J, Mouliere F, Brenton JD, Cal-
das C, et al. Liquid biopsies come of age: towards implementation
of circulating tumour DNA. Nat Rev Cancer 2017;17(4):223-238.
doi:10.1038/nrc.2017.7, PMID:28233803.

Dasari A, Morris VK, Allegra CJ, Atreya C, Benson AB 3rd, Boland P,
et al. ctDNA applications and integration in colorectal cancer: an NCI
Colon and Rectal-Anal Task Forces whitepaper. Nat Rev Clin Oncol
2020;17(12):757-770. doi:10.1038/s41571-020-0392-0, PMID:326
32268.

Pessoa LS, Heringer M, Ferrer VP. ctDNA as a cancer biomarker:
A broad overview. Crit Rev Oncol Hematol 2020;155:103109.
doi:10.1016/j.critrevonc.2020.103109, PMID:33049662.

LeeB, LiptonL, Cohen)J, TieJ,Javed AA, LiL, etal. Circulatingtumor DNA
as a potential marker of adjuvant chemotherapy benefit following
surgery for localized pancreatic cancer. Ann Oncol 2019;30(9):1472—
1478. doi:10.1093/annonc/mdz200, PMID:31250894.

Watanabe K, Nakamura T, Kimura Y, Motoya M, Kojima S, Kuraya T,
et al. Tumor-Informed Approach Improved ctDNA Detection Rate
in Resected Pancreatic Cancer. Int J Mol Sci 2022;23(19):11521.
doi:10.3390/ijms231911521, PMID:36232820.

Watanabe F, Suzuki K, Aizawa H, Endo Y, Takayama Y, Kakizawa N, et
al. Circulating tumor DNA in molecular assessment feasibly predicts
early progression of pancreatic cancer that cannot be identified via
initial imaging. Sci Rep 2023;13(1):4809. d0i:10.1038/s41598-023-
31051-7, PMID:36959222.

Tomaino B, Cappello P, Capello M, Fredolini C, Ponzetto A, Novarino
A, et al. Autoantibody signature in human ductal pancreatic adeno-
carcinoma. J Proteome Res 2007;6(10):4025-4031. doi:10.1021/
pr070281a, PMID:17824682.

Bracci PM, Zhou M, Young S, Wiemels J. Serum autoantibodies to pan-
creatic cancer antigens as biomarkers of pancreatic cancer in a San
Francisco Bay Area case-control study. Cancer 2012;118(21):5384—
5394. doi:10.1002/cncr.27538, PMID:22517435.

Ingvarsson J, Wingren C, Carlsson A, Ellmark P, Wahren B, Engstrém
G, et al. Detection of pancreatic cancer using antibody microarray-
based serum protein profiling. Proteomics 2008;8(11):2211-2219.
doi:10.1002/pmic.200701167, PMID:18528842.

Ding Z, Wang N, Ji N, Chen ZS. Proteomics technologies for cancer
liquid biopsies. Mol Cancer 2022;21(1):53. doi:10.1186/s12943-022-

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

(61

[62]

[63

[64]

Murthy A.V. et al: Advances in pancreatic cancer care

01526-8, PMID:35168611.

Nalla LV, Kanukolanu A, Yeduvaka M, Gajula SNR. Advancements in
Single-Cell Proteomics and Mass Spectrometry-Based Techniques
for Unmasking Cellular Diversity in Triple Negative Breast Can-
cer. Proteomics Clin Appl 2025;19(1):e202400101. doi:10.1002/
prca.202400101, PMID:39568435.

Chen R, Yi EC, Donohoe S, Pan S, Eng J, Cooke K, et al. Pancreatic can-
cer proteome: the proteins that underlie invasion, metastasis, and
immunologic escape. Gastroenterology 2005;129(4):1187-1197.
doi:10.1053/j.gastro.2005.08.001, PMID:16230073.

Grgnborg M, Kristiansen TZ, lwahori A, Chang R, Reddy R, Sato N, et
al. Biomarker discovery from pancreatic cancer secretome using a
differential proteomic approach. Mol Cell Proteomics 2006;5(1):157—
171. d0i:10.1074/mcp.M500178-MCP200, PMID:16215274.
Bhattacharyya S, Siegel ER, Petersen GM, Chari ST, Suva LJ, Haun RS.
Diagnosis of pancreatic cancer using serum proteomic profiling. Neo-
plasia 2004;6(5):674—686. doi:10.1593/ne0.04262, PMID:15548376.
Koopmann J, Zhang Z, White N, Rosenzweig J, Fedarko N, Jagannath
S, et al. Serum diagnosis of pancreatic adenocarcinoma using sur-
face-enhanced laser desorption and ionization mass spectrometry.
Clin Cancer Res 2004;10(3):860-868. doi:10.1158/1078-0432.ccr-
1167-3, PMID:14871961.

Koomen JM, Shih LN, Coombes KR, Li D, Xiao LC, Fidler lJ, Abbruzzese
JL, Kobayashi R. Plasma protein profiling for diagnosis of pancreatic
cancer reveals the presence of host response proteins. Clin Cancer
Res 2005;11(3):1110-1118. PMID:15709178.

Lu Z, Hu L, Evers S, Chen J, Shen Y. Differential expression profiling
of human pancreatic adenocarcinoma and healthy pancreatic tissue.
Proteomics 2004;4(12):3975-3988. doi:10.1002/pmic.200300863,
PMID:15526344.

Pan S, Chen R, Brand RE, Hawley S, Tamura Y, Gafken PR, et al.
Multiplex targeted proteomic assay for biomarker detection in
plasma: a pancreatic cancer biomarker case study. J Proteome Res
2012;11(3):1937-1948. d0i:10.1021/pr201117w, PMID:22316387.
Attiyeh MA, Chakraborty J, Mcintyre CA, Kappagantula R, Chou Y,
Askan G, et al. CT radiomics associations with genotype and stromal
content in pancreatic ductal adenocarcinoma. Abdom Radiol (NY)
2019;44(9):3148-3157.d0i:10.1007/s00261-019-02112-1, PMID:312
43486.

Sandrasegaran K, Lin Y, Asare-Sawiri M, Taiyini T, Tann M. CT texture
analysis of pancreatic cancer. Eur Radiol 2019;29(3):1067-1073.
doi:10.1007/s00330-018-5662-1, PMID:30116961.

Ren S, Zhang J, Chen J, Cui W, Zhao R, Qiu W, et al. Evaluation of Tex-
ture Analysis for the Differential Diagnosis of Mass-Forming Pancrea-
titis From Pancreatic Ductal Adenocarcinoma on Contrast-Enhanced
CT Images. Front Oncol 2019;9:1171. doi:10.3389/fonc.2019.01171,
PMID:31750254.

de la Pinta C. Radiomics in pancreatic cancer for oncologist: Pre-
sent and future. Hepatobiliary Pancreat Dis Int 2022;21(4):356-361.
doi:10.1016/j.hbpd.2021.12.006, PMID:34961674.

Passaro A, Al Bakir M, Hamilton EG, Diehn M, André F, Roy-Chowd-
huri S, et al. Cancer biomarkers: Emerging trends and clinical impli-
cations for personalized treatment. Cell 2024;187(7):1617-1635.
doi:10.1016/j.cell.2024.02.041, PMID:38552610.

Reese KL, Pantel K, Smit DJ. Multibiomarker panels in liquid biopsy
for early detection of pancreatic cancer - a comprehensive review.
J Exp Clin Cancer Res 2024;43(1):250. doi:10.1186/s13046-024-
03166-w, PMID:39218911.

Halbrook CJ, Lyssiotis CA, Pasca di Magliano M, Maitra A. Pancre-
atic cancer: Advances and challenges. Cell 2023;186(8):1729-1754.
doi:10.1016/j.cell.2023.02.014, PMID:37059070.

Killock D. Diagnosis: CancerSEEK and destroy - a blood test for early
cancer detection. Nat Rev Clin Oncol 2018;15(3):133. doi:10.1038/
nrclinonc.2018.21, PMID:29405203.

Turnbull C, Wald N, Sullivan R, Pharoah P, Houlston RS, Aggarwal
A, et al. GRAIL-Galleri: why the special treatment? Lancet 2024;
403(10425):431-432.d0i:10.1016/5S0140-6736(23)02830-1, PMID:382
53053.

Klein EA, Richards D, Cohn A, Tummala M, Lapham R, Cosgrove D,
et al. Clinical validation of a targeted methylation-based multi-can-
cer early detection test using an independent validation set. Ann

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025


https://doi.org/10.14218/JTG.2024.00037
https://doi.org/10.1016/s1470-2045(14)70033-6
https://doi.org/10.1016/s1470-2045(14)70033-6
http://www.ncbi.nlm.nih.gov/pubmed/24809088
https://doi.org/10.1200/JCO.2005.19.711
http://www.ncbi.nlm.nih.gov/pubmed/16002843
http://www.ncbi.nlm.nih.gov/pubmed/16002843
https://doi.org/10.3389/fendo.2018.00402
http://www.ncbi.nlm.nih.gov/pubmed/30123182
https://doi.org/10.3390/molecules19022458
http://www.ncbi.nlm.nih.gov/pubmed/24566314
https://doi.org/10.3892/ijo.2014.2743
https://doi.org/10.3892/ijo.2014.2743
http://www.ncbi.nlm.nih.gov/pubmed/25384963
https://doi.org/10.1002/cac2.12204
http://www.ncbi.nlm.nih.gov/pubmed/34331845
https://doi.org/10.1158/1078-0432.CCR-12-3224
http://www.ncbi.nlm.nih.gov/pubmed/24088737
https://doi.org/10.1056/NEJMra1706174
http://www.ncbi.nlm.nih.gov/pubmed/30380390
https://doi.org/10.1038/s10038-021-00939-5
http://www.ncbi.nlm.nih.gov/pubmed/34088974
http://www.ncbi.nlm.nih.gov/pubmed/34088974
https://doi.org/10.1038/nrc.2017.7
http://www.ncbi.nlm.nih.gov/pubmed/28233803
https://doi.org/10.1038/s41571-020-0392-0
http://www.ncbi.nlm.nih.gov/pubmed/32632268
http://www.ncbi.nlm.nih.gov/pubmed/32632268
https://doi.org/10.1016/j.critrevonc.2020.103109
http://www.ncbi.nlm.nih.gov/pubmed/33049662
https://doi.org/10.1093/annonc/mdz200
http://www.ncbi.nlm.nih.gov/pubmed/31250894
https://doi.org/10.3390/ijms231911521
http://www.ncbi.nlm.nih.gov/pubmed/36232820
https://doi.org/10.1038/s41598-023-31051-7
https://doi.org/10.1038/s41598-023-31051-7
http://www.ncbi.nlm.nih.gov/pubmed/36959222
https://doi.org/10.1021/pr070281a
https://doi.org/10.1021/pr070281a
http://www.ncbi.nlm.nih.gov/pubmed/17824682
https://doi.org/10.1002/cncr.27538
http://www.ncbi.nlm.nih.gov/pubmed/22517435
https://doi.org/10.1002/pmic.200701167
http://www.ncbi.nlm.nih.gov/pubmed/18528842
https://doi.org/10.1186/s12943-022-01526-8
https://doi.org/10.1186/s12943-022-01526-8
http://www.ncbi.nlm.nih.gov/pubmed/35168611
https://doi.org/10.1002/prca.202400101
https://doi.org/10.1002/prca.202400101
http://www.ncbi.nlm.nih.gov/pubmed/39568435
https://doi.org/10.1053/j.gastro.2005.08.001
http://www.ncbi.nlm.nih.gov/pubmed/16230073
https://doi.org/10.1074/mcp.M500178-MCP200
http://www.ncbi.nlm.nih.gov/pubmed/16215274
https://doi.org/10.1593/neo.04262
http://www.ncbi.nlm.nih.gov/pubmed/15548376
https://doi.org/10.1158/1078-0432.ccr-1167-3
https://doi.org/10.1158/1078-0432.ccr-1167-3
http://www.ncbi.nlm.nih.gov/pubmed/14871961
http://www.ncbi.nlm.nih.gov/pubmed/15709178
https://doi.org/10.1002/pmic.200300863
http://www.ncbi.nlm.nih.gov/pubmed/15526344
https://doi.org/10.1021/pr201117w
http://www.ncbi.nlm.nih.gov/pubmed/22316387
https://doi.org/10.1007/s00261-019-02112-1
http://www.ncbi.nlm.nih.gov/pubmed/31243486
http://www.ncbi.nlm.nih.gov/pubmed/31243486
https://doi.org/10.1007/s00330-018-5662-1
http://www.ncbi.nlm.nih.gov/pubmed/30116961
https://doi.org/10.3389/fonc.2019.01171
http://www.ncbi.nlm.nih.gov/pubmed/31750254
https://doi.org/10.1016/j.hbpd.2021.12.006
http://www.ncbi.nlm.nih.gov/pubmed/34961674
https://doi.org/10.1016/j.cell.2024.02.041
http://www.ncbi.nlm.nih.gov/pubmed/38552610
https://doi.org/10.1186/s13046-024-03166-w
https://doi.org/10.1186/s13046-024-03166-w
http://www.ncbi.nlm.nih.gov/pubmed/39218911
https://doi.org/10.1016/j.cell.2023.02.014
http://www.ncbi.nlm.nih.gov/pubmed/37059070
https://doi.org/10.1038/nrclinonc.2018.21
https://doi.org/10.1038/nrclinonc.2018.21
http://www.ncbi.nlm.nih.gov/pubmed/29405203
https://doi.org/10.1016/S0140-6736(23)02830-1
http://www.ncbi.nlm.nih.gov/pubmed/38253053
http://www.ncbi.nlm.nih.gov/pubmed/38253053

Murthy A.V. et al: Advances in pancreatic cancer care

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

(80]

Oncol 2021;32(9):1167-1177. doi:10.1016/j.annonc.2021.05.806,
PMID:34176681.

Schrag D, Beer TM, McDonnell CH 3rd, Nadauld L, Dilaveri CA, Reid
R, et al. Blood-based tests for multicancer early detection (PATH-
FINDER): a prospective cohort study. Lancet 2023;402(10409):1251—
1260. doi:10.1016/S0140-6736(23)01700-2, PMID:37805216.

Gao Q, Lin YP, Li BS, Wang GQ, Dong LQ, Shen BY, et al. Unintru-
sive multi-cancer detection by circulating cell-free DNA meth-
ylation sequencing (THUNDER): development and independent
validation studies. Ann Oncol 2023;34(5):486—-495. doi:10.1016/j.
annonc.2023.02.010, PMID:36849097.

Wattenberg MM, Asch D, Yu S, O’Dwyer PJ, Domchek SM, Nathanson
KL, et al. Platinum response characteristics of patients with pancre-
atic ductal adenocarcinoma and a germline BRCA1, BRCA2 or PALB2
mutation. Br J Cancer 2020;122(3):333-339. do0i:10.1038/s41416-
019-0582-7, PMID:31787751.

Park W, Chen J, Chou JF, Varghese AM, Yu KH, Wong W, et al. Genomic
Methods Identify Homologous Recombination Deficiency in Pancre-
as Adenocarcinoma and Optimize Treatment Selection. Clin Cancer
Res 2020;26(13):3239-3247. doi:10.1158/1078-0432.CCR-20-0418,
PMID:32444418.

Golan T, Hammel P, Reni M, Van Cutsem E, Macarulla T, Hall MJ, et
al. Maintenance Olaparib for Germline BRCA-Mutated Metastatic
Pancreatic Cancer. N Engl ) Med 2019;381(4):317-327. doi:10.1056/
NEJMo0a1903387, PMID:31157963.

Casolino R, Paiella S, Azzolina D, Beer PA, Corbo V, Lorenzoni G, et
al. Homologous Recombination Deficiency in Pancreatic Cancer:
A Systematic Review and Prevalence Meta-Analysis. J Clin Oncol
2021;39(23):2617-2631. doi:10.1200/JC0.20.03238, PMID:34197182.
Tan H, Hosein PJ. Detection and therapeutic implications of ho-
mologous recombination repair deficiency in pancreatic cancer:
a narrative review. J Gastrointest Oncol 2023;14(5):2249-2259.
doi:10.21037/jgo-23-85, PMID:37969835.

Pishvaian MJ, Blais EM, Brody JR, Lyons E, DeArbeloa P, Hendifar A, et al.
Overall survival in patients with pancreatic cancer receiving matched
therapies following molecular profiling: a retrospective analysis of the
Know Your Tumor registry trial. Lancet Oncol 2020;21(4):508-518.
doi:10.1016/51470-2045(20)30074-7, PMID:32135080.

Crowley F, Park W, O’Reilly EM. Targeting DNA damage repair path-
ways in pancreas cancer. Cancer Metastasis Rev 2021;40(3):891-908.
doi:10.1007/5s10555-021-09983-1, PMID:34403012.

Terrero G, Datta J, Dennison J, Sussman DA, Lohse I, Merchant NB,
et al. Ipilimumab/Nivolumab Therapy in Patients With Metastatic
Pancreatic or Biliary Cancer With Homologous Recombination De-
ficiency Pathogenic Germline Variants. JAMA Oncol 2022;8(6):1-3.
doi:10.1001/jamaoncol.2022.0611, PMID:35446342.

Reiss KA, Mick R, Teitelbaum U, O’Hara M, Schneider C, Massa R, et
al. Niraparib plus nivolumab or niraparib plus ipilimumab in patients
with platinum-sensitive advanced pancreatic cancer: a randomised,
phase 1b/2 trial. Lancet Oncol 2022;23(8):1009-1020. doi:10.1016/
$1470-2045(22)00369-2, PMID:35810751.

Xu Q, Jia C, Ou Y, Zeng C, Jia Y. Dark horse target Claudin18.2 opens
new battlefield for pancreatic cancer. Front Oncol 2024;14:1371421.
doi:10.3389/fonc.2024.1371421, PMID:38511141.

Tireci O, Mitnacht-Kraus R, Wéll S, Yamada T, Sahin U. Characteriza-
tion of zolbetuximab in pancreatic cancer models. Oncoimmunology
2019;8(1):e1523096. doi:10.1080/2162402X.2018.1523096, PMID:
30546962.

Chen Y, Hou X, Li D, Ding J, Liu J, Wang Z, et al. Development of a
CLDN18.2-targeting immuno-PET probe for non-invasive imag-
ing in gastrointestinal tumors. J Pharm Anal 2023;13(4):367-375.
doi:10.1016/j.jpha.2023.02.011, PMID:37181294.

Qian X, Teng F, Guo H, Yao X, Shi L, Wu Y, et al. 1560P Osemitamab
(TSTO01): An ADCC enhanced humanized anti-CLDN18.2 mab, dem-
onstrated improved efficacy in combination with anti-PD-L1/PD-1
mab and oxaliplatin/5-FU in preclinical tumor models. Annals Oncol
2023;34:5873. doi:10.1016/j.annonc.2023.09.1472.

Xu R, Wei X, Zhang D, Qiu M, Zhang Y, Zhao H, et al. A phase 1a dose-
escalation, multicenter trial of anti-claudin 18.2 antibody drug conju-
gate CMG901 in patients with resistant/refractory solid tumors. JCO
2023;41(4_suppl):352-352. doi:10.1200/JC0O.2023.41.4_suppl.352.

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025

(81]

(82]

[83]

[84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

J Transl Gastroenterol

Qi C, Gong J, LiJ, Liu D, Qin Y, Ge S, et al. Claudin18.2-specific CAR T
cells in gastrointestinal cancers: phase 1 trial interim results. Nat Med
2022;28(6):1189-1198. d0i:10.1038/s41591-022-01800-8, PMID:355
34566.

Huang W, Li Y, Liu Z, Rodon L, Correia S, Li Y, et al. Preclinical ac-
tivity for TPX-4589 (LM-302), an antibody-drug conjugate target-
ing tight junction protein CLDN18.2 in solid tumors. Eur J Cancer
2022;174:541-42. doi:10.1016/5S0959-8049(22)00911-X.

Ullman NA, Burchard PR, Dunne RF, Linehan DC. Immunologic
Strategies in Pancreatic Cancer: Making Cold Tumors Hot. J Clin
Oncol 2022;40(24):2789-2805. doi:10.1200/JC0.21.02616, PMID:
35839445.

Nisar M, Paracha RZ, Adil S, Qureshi SN, Janjua HA. An Extensive Re-
view on Preclinical and Clinical Trials of Oncolytic Viruses Therapy
for Pancreatic Cancer. Front Oncol 2022;12:875188. doi:10.3389/
fonc.2022.875188, PMID:35686109.

Kaufman HL, Kohlhapp FJ, Zloza A. Oncolytic viruses: a new class of
immunotherapy drugs. Nat Rev Drug Discov 2015;14(9):642—-662.
doi:10.1038/nrd4663, PMID:26323545.

Hirooka Y, Kasuya H, Ishikawa T, Kawashima H, Ohno E, Villalobos IB,
et al. A Phase | clinical trial of EUS-guided intratumoral injection of
the oncolytic virus, HF10 for unresectable locally advanced pancre-
atic cancer. BMC Cancer 2018;18(1):596. d0i:10.1186/s12885-018-
4453-z, PMID:29801474.

Bazan-Peregrino M, Garcia-Carbonero R, Laquente B, Alvarez R,
Mato-Berciano A, Gimenez-Alejandre M, et al. VCN-01 disrupts
pancreatic cancer stroma and exerts antitumor effects. J Immu-
nother Cancer 2021;9(11):e003254. doi:10.1136/jitc-2021-003254,
PMID:35149591.

Garcia-Carbonero R, Bazan-Peregrino M, Gil-Martin M, Alvarez R,
Macarulla T, Riesco-Martinez MC, et al. Phase |, multicenter, open-
label study of intravenous VCN-01 oncolytic adenovirus with or with-
out nab-paclitaxel plus gemcitabine in patients with advanced solid
tumors. J Immunother Cancer 2022;10(3):e003255. doi:10.1136/jitc-
2021-003255, PMID:35338084.

Farhangnia P, Khorramdelazad H, Nickho H, Delbandi AA. Current and
future immunotherapeutic approaches in pancreatic cancer treat-
ment. J Hematol Oncol 2024;17(1):40. doi:10.1186/s13045-024-
01561-6, PMID:38835055.

Chen Y, Chen X, Bao W, Liu G, Wei W, Ping Y. An oncolytic virus-T cell
chimera for cancer immunotherapy. Nat Biotechnol 2024;42:1876—
1887.

Rosenberg SA, Restifo NP, Yang JC, Morgan RA, Dudley ME. Adop-
tive cell transfer: a clinical path to effective cancer immunother-
apy. Nat Rev Cancer 2008;8(4):299-308. do0i:10.1038/nrc2355,
PMID:18354418.

Kazemi MH, Sadri M, Najafi A, Rahimi A, Baghernejadan Z, Khorram-
delazad H, et al. Tumor-infiltrating lymphocytes for treatment of sol-
id tumors: It takes two to tango? Front Immunol 2022;13:1018962.
doi:10.3389/fimmu.2022.1018962, PMID:36389779.

Brummel K, Eerkens AL, de Bruyn M, Nijman HW. Tumour-infiltrating
lymphocytes: from prognosis to treatment selection. Br J Cancer
2023;128(3):451-458. d0i:10.1038/s41416-022-02119-4, PMID:365
64565.

Hall M, Liu H, Malafa M, Centeno B, Hodul PJ, Pimiento J, et al. Expan-
sion of tumor-infiltrating lymphocytes (TIL) from human pancreatic
tumors. J Immunother Cancer 2016;4:61. doi:10.1186/s40425-016-
0164-7, PMID:27777771.

Orhan A, Vogelsang RP, Andersen MB, Madsen MT, Holmich ER,
Raskov H, et al. The prognostic value of tumour-infiltrating lym-
phocytes in pancreatic cancer: a systematic review and meta-anal-
ysis. Eur J Cancer 2020;132:71-84. doi:10.1016/j.ejca.2020.03.013,
PMID:32334338.

Dudley ME, Gross CA, Langhan MM, Garcia MR, Sherry RM, Yang JC, et
al. CD8+ enriched “young” tumor infiltrating lymphocytes can mediate
regression of metastatic melanoma. Clin Cancer Res 2010;16(24):6122—
6131. doi:10.1158/1078-0432.CCR-10-1297, PMID:20668005.

Baulu E, Gardet C, Chuvin N, Depil S. TCR-engineered T cell ther-
apy in solid tumors: State of the art and perspectives. Sci Adv
2023;9(7):eadf3700. doi:10.1126/sciadv.adf3700, PMID:36791198.
Jackson HJ, Rafiq S, Brentjens RJ. Driving CAR T-cells forward. Nat

89


https://doi.org/10.14218/JTG.2024.00037
https://doi.org/10.1016/j.annonc.2021.05.806
http://www.ncbi.nlm.nih.gov/pubmed/34176681
https://doi.org/10.1016/S0140-6736(23)01700-2
http://www.ncbi.nlm.nih.gov/pubmed/37805216
https://doi.org/10.1016/j.annonc.2023.02.010
https://doi.org/10.1016/j.annonc.2023.02.010
http://www.ncbi.nlm.nih.gov/pubmed/36849097
https://doi.org/10.1038/s41416-019-0582-7
https://doi.org/10.1038/s41416-019-0582-7
http://www.ncbi.nlm.nih.gov/pubmed/31787751
https://doi.org/10.1158/1078-0432.CCR-20-0418
http://www.ncbi.nlm.nih.gov/pubmed/32444418
https://doi.org/10.1056/NEJMoa1903387
https://doi.org/10.1056/NEJMoa1903387
http://www.ncbi.nlm.nih.gov/pubmed/31157963
https://doi.org/10.1200/JCO.20.03238
http://www.ncbi.nlm.nih.gov/pubmed/34197182
https://doi.org/10.21037/jgo-23-85
http://www.ncbi.nlm.nih.gov/pubmed/37969835
https://doi.org/10.1016/S1470-2045(20)30074-7
http://www.ncbi.nlm.nih.gov/pubmed/32135080
https://doi.org/10.1007/s10555-021-09983-1
http://www.ncbi.nlm.nih.gov/pubmed/34403012
https://doi.org/10.1001/jamaoncol.2022.0611
http://www.ncbi.nlm.nih.gov/pubmed/35446342
https://doi.org/10.1016/S1470-2045(22)00369-2
https://doi.org/10.1016/S1470-2045(22)00369-2
http://www.ncbi.nlm.nih.gov/pubmed/35810751
https://doi.org/10.3389/fonc.2024.1371421
http://www.ncbi.nlm.nih.gov/pubmed/38511141
https://doi.org/10.1080/2162402X.2018.1523096
http://www.ncbi.nlm.nih.gov/pubmed/30546962
https://doi.org/10.1016/j.jpha.2023.02.011
http://www.ncbi.nlm.nih.gov/pubmed/37181294
https://doi.org/10.1016/j.annonc.2023.09.1472
https://doi.org/10.1200/JCO.2023.41.4_suppl.352
https://doi.org/10.1038/s41591-022-01800-8
http://www.ncbi.nlm.nih.gov/pubmed/35534566
http://www.ncbi.nlm.nih.gov/pubmed/35534566
https://doi.org/10.1016/S0959-8049(22)00911-X
https://doi.org/10.1200/JCO.21.02616
http://www.ncbi.nlm.nih.gov/pubmed/35839445
https://doi.org/10.3389/fonc.2022.875188
https://doi.org/10.3389/fonc.2022.875188
http://www.ncbi.nlm.nih.gov/pubmed/35686109
https://doi.org/10.1038/nrd4663
http://www.ncbi.nlm.nih.gov/pubmed/26323545
https://doi.org/10.1186/s12885-018-4453-z
https://doi.org/10.1186/s12885-018-4453-z
http://www.ncbi.nlm.nih.gov/pubmed/29801474
https://doi.org/10.1136/jitc-2021-003254
http://www.ncbi.nlm.nih.gov/pubmed/35149591
https://doi.org/10.1136/jitc-2021-003255
https://doi.org/10.1136/jitc-2021-003255
http://www.ncbi.nlm.nih.gov/pubmed/35338084
https://doi.org/10.1186/s13045-024-01561-6
https://doi.org/10.1186/s13045-024-01561-6
http://www.ncbi.nlm.nih.gov/pubmed/38835055
https://doi.org/10.1038/nrc2355
http://www.ncbi.nlm.nih.gov/pubmed/18354418
https://doi.org/10.3389/fimmu.2022.1018962
http://www.ncbi.nlm.nih.gov/pubmed/36389779
https://doi.org/10.1038/s41416-022-02119-4
http://www.ncbi.nlm.nih.gov/pubmed/36564565
http://www.ncbi.nlm.nih.gov/pubmed/36564565
https://doi.org/10.1186/s40425-016-0164-7
https://doi.org/10.1186/s40425-016-0164-7
http://www.ncbi.nlm.nih.gov/pubmed/27777771
https://doi.org/10.1016/j.ejca.2020.03.013
http://www.ncbi.nlm.nih.gov/pubmed/32334338
https://doi.org/10.1158/1078-0432.CCR-10-1297
http://www.ncbi.nlm.nih.gov/pubmed/20668005
https://doi.org/10.1126/sciadv.adf3700
http://www.ncbi.nlm.nih.gov/pubmed/36791198

J Transl Gastroenterol

Rev Clin Oncol 2016;13(6):370-383. doi:10.1038/nrclinonc.2016.36,
PMID:27000958.

[99] Sterner RC, Sterner RM. CAR-T cell therapy: current limitations and
potential strategies. Blood Cancer J 2021;11(4):69. doi:10.1038/
$41408-021-00459-7, PMID:33824268.

[100] Schéafer D, Tomiuk S, Kuster LN, Rawashdeh WA, Henze J, Tischler-
Hohle G, et al. Identification of CD318, TSPAN8 and CD66c¢ as target
candidates for CAR T cell based immunotherapy of pancreatic adeno-
carcinoma. Nat Commun 2021;12(1):1453. doi:10.1038/s41467-021-
21774-4, PMID:33674603.

[101] Daher M, Rezvani K. Outlook for New CAR-Based Therapies with
a Focus on CAR NK Cells: What Lies Beyond CAR-Engineered T
Cells in the Race against Cancer. Cancer Discov 2021;11(1):45-58.
doi:10.1158/2159-8290.CD-20-0556, PMID:33277313.

[102] Pan K, Farrukh H, Chittepu VCSR, Xu H, Pan CX, Zhu Z. CAR race
to cancer immunotherapy: from CAR T, CAR NK to CAR macrophage
therapy. J Exp Clin Cancer Res 2022;41(1):119. doi:10.1186/s13046-
022-02327-z, PMID:35361234.

[103] Wang K, Wang L, Wang Y, Xiao L, Wei J, Hu Y, et al. Reprogramming
natural killer cells for cancer therapy. Mol Ther 2024;32(9):2835-
2855. doi:10.1016/j.ymthe.2024.01.027, PMID:38273655.

[104] Xia N, Haopeng P, Gong JU, Lu J, Chen Z, Zheng Y, et al. Robol-
specific CAR-NK Immunotherapy Enhances Efficacy of (125)I Seed
Brachytherapy in an Orthotopic Mouse Model of Human Pancreatic
Carcinoma. Anticancer Res 2019;39(11):5919-5925. doi:10.21873/
anticanres.13796, PMID:31704816.

[105] Day, Liu Y, Hu Y, Liu W, Ma J, Lu N, et al. STING agonist cGAMP
enhances anti-tumor activity of CAR-NK cells against pancreatic can-
cer. Oncoimmunology 2022;11(1):2054105. doi:10.1080/216240
2X.2022.2054105, PMID:35371622.

[106] Wellhausen N, Agarwal S, Rommel PC, Gill SI, June CH. Better liv-
ing through chemistry: CRISPR/Cas engineered T cells for cancer
immunotherapy. Curr Opin Immunol 2022;74:76-84. doi:10.1016/].
€0i.2021.10.008, PMID:34798542.

[107] Daher M, Basar R, Gokdemir E, Baran N, Uprety N, Nunez Cor-
tes AK, et al. Targeting a cytokine checkpoint enhances the fitness
of armored cord blood CAR-NK cells. Bloo 2021;137(5):624-636.
doi:10.1182/blood.2020007748, PMID:32902645.

[108] Page A, Chuvin N, Valladeau-Guilemond J, Depil S. Development of
NK cell-based cancer immunotherapies through receptor engineer-
ing. Cell Mol Immunol 2024;21(4):315-331. do0i:10.1038/s41423-
024-01145-x, PMID:38443448.

[109] Meng F, Zhang S, Xie J, Zhou Y, Wu Q, Lu B, et al. Leveraging CD16
fusion receptors to remodel the immune response for enhancing an-
ti-tumor immunotherapy in iPSC-derived NK cells. J Hematol Oncol
2023;16(1):62. doi:10.1186/s13045-023-01455-z, PMID:37316891.

[110] Heuser M, Tschan-Plessl A, Thol F, Schwarzer A, Kloos A, Kattre N,
et al. Allogeneic, CD34 +, Umbilical Cordblood-Derived NK Cell Adop-
tive Immunotherapy for the Treatment of Acute Myeloid Leukemia
Patients with Measurable Residual Disease. Blood 2021;138(Supple-
ment 1):1745-1745. doi:10.1182/blood-2021-150138.

[111] Gao X, MiY, Guo N, Xu H, Xu L, Gou X, et al. Cytokine-Induced Killer
Cells As Pharmacological Tools for Cancer Immunotherapy. Front
Immunol 2017;8:774. doi:10.3389/fimmu.2017.00774, PMID:2872
9866.

[112] Chung MJ, Park JY, Bang S, Park SW, Song SY. Phase Il clinical trial of
ex vivo-expanded cytokine-induced killer cells therapy in advanced
pancreatic cancer. Cancer Immunol Immunother 2014;63(9):939-
946. doi:10.1007/s00262-014-1566-3, PMID:24916038.

[113] Wang M, Shi SB, Qi JL, Tang XY, Tian J. S-1 plus CIK as second-
line treatment for advanced pancreatic cancer. Med Oncol
2013;30(4):747. d0i:10.1007/s12032-013-0747-9, PMID:24122257.

[114] Korman AJ, Garrett-Thomson SC, Lonberg N. The foundations of im-
mune checkpoint blockade and the ipilimumab approval decennial.
Nat Rev Drug Discov 2022;21(7):509-528. doi:10.1038/s41573-021-
00345-8, PMID:34937915.

[115] LiX, Gulati M, Larson AC, Solheim JC, Jain M, Kumar S, et al. Immune
checkpoint blockade in pancreatic cancer: Trudging through the im-
mune desert. Semin Cancer Biol 2022;86(Pt 2):14-27. doi:10.1016/].
semcancer.2022.08.009, PMID:36041672.

[116] Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands

90

Murthy A.V. et al: Advances in pancreatic cancer care

in tolerance and immunity. Annu Rev Immunol 2008;26:677-704.
doi:10.1146/annurev.immunol.26.021607.090331, PMID:18173375.

[117] Chouari T, La Costa FS, Merali N, Jessel MD, Sivakumar S, Annels
N, et al. Advances in Immunotherapeutics in Pancreatic Ductal Ad-
enocarcinoma. Cancers (Basel) 2023;15(17):4265. doi:10.3390/can-
cers15174265, PMID:37686543.

[118] Chaib S, Lépez-Dominguez JA, Lalinde-Gutiérrez M, Prats N, Marin I,
Boix O, et al. The efficacy of chemotherapy is limited by intratumoral
senescent cells expressing PD-L2. Nat Cancer 2024;5(3):448-462.
doi:10.1038/s43018-023-00712-x, PMID:38267628.

[119] Wang X, Li X, Wei X, Jiang H, Lan C, Yang S, et al. PD-L1 is a di-
rect target of cancer-FOXP3 in pancreatic ductal adenocarcinoma
(PDAC), and combined immunotherapy with antibodies against
PD-L1 and CCLS is effective in the treatment of PDAC. Signal Trans-
duct Target Ther 2020;5(1):38. doi:10.1038/s41392-020-0144-8,
PMID:32300119.

[120] ZhangX, Lao M, Xu J, DuanY, Yang H, Li M, et al. Combination cancer
immunotherapy targeting TNFR2 and PD-1/PD-L1 signaling reduces
immunosuppressive effects in the microenvironment of pancreatic
tumors. J Immunother Cancer 2022;10(3):e003982. doi:10.1136/jitc-
2021-003982, PMID:35260434.

[121] Piper M, Hoen M, Darragh LB, Knitz MW, Nguyen D, Gadwa J,
et al. Simultaneous targeting of PD-1 and IL-2RBy with radiation
therapy inhibits pancreatic cancer growth and metastasis. Can-
cer Cell 2023;41(5):950-969.e6. doi:10.1016/j.ccell.2023.04.001,
PMID:37116489.

[122] Ware MB, Phillips M, McQuinn C, Zaidi MY, Knochelmann HM,
Greene E, et al. Dual IL-6 and CTLA-4 blockade regresses pancre-
atic tumors in a T cell- and CXCR3-dependent manner. JCI Insight
2023;8(8):155006. doi:10.1172/jci.insight.155006, PMID:36881480.

[123] Seifert L, Plesca I, Miiller L, Sommer U, Heiduk M, von Renesse J,
et al. LAG-3-Expressing Tumor-Infiltrating T Cells Are Associated with
Reduced Disease-Free Survival in Pancreatic Cancer. Cancers (Basel)
2021;13(6):1297. doi:10.3390/cancers13061297, PMID:33803936.

[124] Farhangnia P, Akbarpour M, Yazdanifar M, Aref AR, Delbandi AA,
Rezaei N. Advances in therapeutic targeting of immune checkpoints
receptors within the CD96-TIGIT axis: clinical implications and future
perspectives. Expert Rev Clin Immunol 2022;18(12):1217-1237. doi:
10.1080/1744666X.2022.2128107, PMID:36154551.

[125] Banta KL, Xu X, Chitre AS, Au-Yeung A, Takahashi C, O’Gorman WE,
et al. Mechanistic convergence of the TIGIT and PD-1 inhibitory path-
ways necessitates co-blockade to optimize anti-tumor CD8(+) T cell
responses. Immunity 2022;55(3):512-526.€9. doi:10.1016/j.immu-
ni.2022.02.005, PMID:35263569.

[126] Hardacre JM, Mulcahy M, Small W, Talamonti M, Obel J, Krishna-
murthiS, et al. Addition of algenpantucel-L immunotherapy to stand-
ard adjuvant therapy for pancreatic cancer: a phase 2 study. J Gas-
trointest Surg 2013;17(1):94-100. doi:10.1007/5s11605-012-2064-6,
PMID:23229886.

[127] Hewitt DB, Nissen N, Hatoum H, Musher B, Seng J, Coveler AL, et
al. A Phase 3 Randomized Clinical Trial of Chemotherapy With or
Without Algenpantucel-L (HyperAcute-Pancreas) Immunotherapy in
Subjects With Borderline Resectable or Locally Advanced Unresect-
able Pancreatic Cancer. Ann Surg 2022;275(1):45-53. doi:10.1097/
SLA.0000000000004669, PMID:33630475.

[128] Jaffee EM, Hruban RH, Biedrzycki B, Laheru D, Schepers K, Sauter
PR, et al. Novel allogeneic granulocyte-macrophage colony-stimulat-
ing factor-secreting tumor vaccine for pancreatic cancer: a phase |
trial of safety and immune activation. J Clin Oncol 2001;19(1):145—
156. doi:10.1200/JC0.2001.19.1.145, PMID:11134207.

[129] Laheru D, Lutz E, Burke J, Biedrzycki B, Solt S, Onners B, et al. Allo-
geneic granulocyte macrophage colony-stimulating factor-secreting
tumor immunotherapy alone or in sequence with cyclophosphamide
for metastatic pancreatic cancer: a pilot study of safety, feasibil-
ity, and immune activation. Clin Cancer Res 2008;14(5):1455-1463.
doi:10.1158/1078-0432.CCR-07-0371, PMID:18316569.

[130] Heumann T, Judkins C, Li K, Lim SJ, Hoare J, Parkinson R, et al. A
platform trial of neoadjuvant and adjuvant antitumor vaccination
alone or in combination with PD-1 antagonist and CD137 agonist
antibodies in patients with resectable pancreatic adenocarcinoma.
Nat Commun 2023;14(1):3650. doi:10.1038/s41467-023-39196-9,

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025


https://doi.org/10.14218/JTG.2024.00037
https://doi.org/10.1038/nrclinonc.2016.36
http://www.ncbi.nlm.nih.gov/pubmed/27000958
https://doi.org/10.1038/s41408-021-00459-7
https://doi.org/10.1038/s41408-021-00459-7
http://www.ncbi.nlm.nih.gov/pubmed/33824268
https://doi.org/10.1038/s41467-021-21774-4
https://doi.org/10.1038/s41467-021-21774-4
http://www.ncbi.nlm.nih.gov/pubmed/33674603
https://doi.org/10.1158/2159-8290.CD-20-0556
http://www.ncbi.nlm.nih.gov/pubmed/33277313
https://doi.org/10.1186/s13046-022-02327-z
https://doi.org/10.1186/s13046-022-02327-z
http://www.ncbi.nlm.nih.gov/pubmed/35361234
https://doi.org/10.1016/j.ymthe.2024.01.027
http://www.ncbi.nlm.nih.gov/pubmed/38273655
https://doi.org/10.21873/anticanres.13796
https://doi.org/10.21873/anticanres.13796
http://www.ncbi.nlm.nih.gov/pubmed/31704816
https://doi.org/10.1080/2162402X.2022.2054105
https://doi.org/10.1080/2162402X.2022.2054105
http://www.ncbi.nlm.nih.gov/pubmed/35371622
https://doi.org/10.1016/j.coi.2021.10.008
https://doi.org/10.1016/j.coi.2021.10.008
http://www.ncbi.nlm.nih.gov/pubmed/34798542
https://doi.org/10.1182/blood.2020007748
http://www.ncbi.nlm.nih.gov/pubmed/32902645
https://doi.org/10.1038/s41423-024-01145-x
https://doi.org/10.1038/s41423-024-01145-x
http://www.ncbi.nlm.nih.gov/pubmed/38443448
https://doi.org/10.1186/s13045-023-01455-z
http://www.ncbi.nlm.nih.gov/pubmed/37316891
https://doi.org/10.1182/blood-2021-150138
https://doi.org/10.3389/fimmu.2017.00774
http://www.ncbi.nlm.nih.gov/pubmed/28729866
http://www.ncbi.nlm.nih.gov/pubmed/28729866
https://doi.org/10.1007/s00262-014-1566-3
http://www.ncbi.nlm.nih.gov/pubmed/24916038
https://doi.org/10.1007/s12032-013-0747-9
http://www.ncbi.nlm.nih.gov/pubmed/24122257
https://doi.org/10.1038/s41573-021-00345-8
https://doi.org/10.1038/s41573-021-00345-8
http://www.ncbi.nlm.nih.gov/pubmed/34937915
https://doi.org/10.1016/j.semcancer.2022.08.009
https://doi.org/10.1016/j.semcancer.2022.08.009
http://www.ncbi.nlm.nih.gov/pubmed/36041672
https://doi.org/10.1146/annurev.immunol.26.021607.090331
http://www.ncbi.nlm.nih.gov/pubmed/18173375
https://doi.org/10.3390/cancers15174265
https://doi.org/10.3390/cancers15174265
http://www.ncbi.nlm.nih.gov/pubmed/37686543
https://doi.org/10.1038/s43018-023-00712-x
http://www.ncbi.nlm.nih.gov/pubmed/38267628
https://doi.org/10.1038/s41392-020-0144-8
http://www.ncbi.nlm.nih.gov/pubmed/32300119
https://doi.org/10.1136/jitc-2021-003982
https://doi.org/10.1136/jitc-2021-003982
http://www.ncbi.nlm.nih.gov/pubmed/35260434
https://doi.org/10.1016/j.ccell.2023.04.001
http://www.ncbi.nlm.nih.gov/pubmed/37116489
https://doi.org/10.1172/jci.insight.155006
http://www.ncbi.nlm.nih.gov/pubmed/36881480
https://doi.org/10.3390/cancers13061297
http://www.ncbi.nlm.nih.gov/pubmed/33803936
https://doi.org/10.1080/1744666X.2022.2128107
http://www.ncbi.nlm.nih.gov/pubmed/36154551
https://doi.org/10.1016/j.immuni.2022.02.005
https://doi.org/10.1016/j.immuni.2022.02.005
http://www.ncbi.nlm.nih.gov/pubmed/35263569
https://doi.org/10.1007/s11605-012-2064-6
http://www.ncbi.nlm.nih.gov/pubmed/23229886
https://doi.org/10.1097/SLA.0000000000004669
https://doi.org/10.1097/SLA.0000000000004669
http://www.ncbi.nlm.nih.gov/pubmed/33630475
https://doi.org/10.1200/JCO.2001.19.1.145
http://www.ncbi.nlm.nih.gov/pubmed/11134207
https://doi.org/10.1158/1078-0432.CCR-07-0371
http://www.ncbi.nlm.nih.gov/pubmed/18316569
https://doi.org/10.1038/s41467-023-39196-9

Murthy A.V. et al: Advances in pancreatic cancer care

PMID:37339979.

[131] Wu AA, Bever KM, Ho WJ, Fertig EJ, Niu N, Zheng L, et al. A Phase
Il Study of Allogeneic GM-CSF-Transfected Pancreatic Tumor Vac-
cine (GVAX) with Ipilimumab as Maintenance Treatment for Meta-
static Pancreatic Cancer. Clin Cancer Res 2020;26(19):5129-5139.
doi:10.1158/1078-0432.CCR-20-1025, PMID:32591464.

[132] McCormick KA, Coveler AL, Rossi GR, Vahanian NN, Link C, Chiorean
EG. Pancreatic cancer: Update on immunotherapies and algenpantu-
cel-L. Hum Vaccin Immunother 2016;12(3):563-575. doi:10.1080/21
645515.2015.1093264, PMID:26619245.

[133] Rong, Qin X, Jin D, Lou W, Wu L, Wang D, et al. A phase | pilot trial
of MUC1-peptide-pulsed dendritic cells in the treatment of advanced
pancreatic cancer. Clin Exp Med 2012;12(3):173-180. doi:10.1007/
$10238-011-0159-0, PMID:21932124.

[134] Tsukinaga S, Kajihara M, Takakura K, Ito Z, Kanai T, Saito K, et al.
Prognostic significance of plasma interleukin-6/-8 in pancreatic
cancer patients receiving chemoimmunotherapy. World J Gastro-
enterol 2015;21(39):11168-11178. doi:10.3748/wjg.v21.i39.11168,
PMID:26494971.

[135] Yanagisawa Y. WT1-pulsed Dendritic Cell Vaccine Combined with
Chemotherapy for Resected Pancreatic Cancer in a Phase | Study. AR
2018;38(4):2217-2225.

[136]Kobayashi M, Shimodaira S, Nagai K, Ogasawara M, Takahashi H, Abe
H, et al. Prognostic factors related to add-on dendritic cell vaccines on
patients with inoperable pancreatic cancer receiving chemotherapy:
a multicenter analysis. Cancer Immunol Immunother 2014;63(8):797—
806. doi:10.1007/s00262-014-1554-7, PMID:24777613.

[137] Lau SP, van Montfoort N, Kinderman P, Lukkes M, Klaase L, van
Nimwegen M, et al. Dendritic cell vaccination and CD40-agonist
combination therapy licenses T cell-dependent antitumor immu-
nity in a pancreatic carcinoma murine model. J Immunother Cancer
2020;8(2):e000772. doi:10.1136/jitc-2020-000772, PMID:32690771.

[138] Bernhardt SL, Gjertsen MK, Trachsel S, Mgller M, Eriksen JA, Meo
M, et al. Telomerase peptide vaccination of patients with non-
resectable pancreatic cancer: A dose escalating phase I/Il study.
Br J Cancer 2006;95(11):1474-1482. doi:10.1038/sj.bjc.6603437,
PMID:17060934.

[139] Middleton G, Silcocks P, Cox T, Valle J, Wadsley J, Propper D, et al.
Gemcitabine and capecitabine with or without telomerase peptide
vaccine GV1001 in patients with locally advanced or metastatic
pancreatic cancer (TeloVac): an open-label, randomised, phase
3 trial. Lancet Oncol 2014;15(8):829-840. doi:10.1016/51470-
2045(14)70236-0, PMID:24954781.

[140] Asahara S, Takeda K, Yamao K, Maguchi H, Yamaue H. Phase I/
clinical trial using HLA-A24-restricted peptide vaccine derived from
KIF20A for patients with advanced pancreatic cancer. J Transl Med
2013;11:291. doi:10.1186/1479-5876-11-291, PMID:24237633.

[141] Pant S, Wainberg ZA, Weekes CD, Furgan M, Kasi PM, Devoe CE,
et al. Lymph-node-targeted, mKRAS-specific amphiphile vaccine in
pancreatic and colorectal cancer: the phase 1 AMPLIFY-201 trial.
Nat Med 2024;30(2):531-542. doi:10.1038/s41591-023-02760-3,
PMID:38195752.

[142]Cappello P, Rolla S, Chiarle R, Principe M, Cavallo F, Perconti G, et al.
Vaccination with ENO1 DNA prolongs survival of genetically engineered
mice with pancreatic cancer. Gastroenterology 2013;144(5):1098—
1106. doi:10.1053/j.gastro.2013.01.020, PMID:23333712.

[143] Mandili G, Curcio C, Bulfamante S, Follia L, Ferrero G, Mazza E, et al.
In pancreatic cancer, chemotherapy increases antitumor responses
to tumor-associated antigens and potentiates DNA vaccination. J
Immunother Cancer 2020;8(2):e001071. doi:10.1136/jitc-2020-001
071, PMID:33115943.

[144] Gong YF, Zhou QB, Liao YD, Mai C, Chen TJ, Tang YQ, et al. Optimized
construction of MUC1-VNTR(n) DNA vaccine and its anti-pancreatic
cancer efficacy. Oncol Lett 2017;13(4):2198-2206. doi:10.3892/
0l.2017.5717, PMID:28454381.

[145] Geng F, Dong L, Bao X, Guo Q, Guo J, Zhou Y, et al. CAFs/tumor
cells co-targeting DNA vaccine in combination with low-dose gem-
citabine for the treatment of Panc02 murine pancreatic cancer. Mol
Ther Oncolytics 2022;26:304-313. doi:10.1016/j.o0mt0.2022.07.008,
PMID:36090474.

[146] Rojas LA, Sethna Z, Soares KC, Olcese C, Pang N, Patterson E, et al.

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025

J Transl Gastroenterol

Personalized RNA neoantigen vaccines stimulate T cells in pancreatic
cancer. Nature 2023;618(7963):144—150. doi:10.1038/s41586-023-
06063-y, PMID:37165196.

[147] Travieso T, Li J, Mahesh S, Mello JDFRE, Blasi M. The use of vi-
ral vectors in vaccine development. NPJ Vaccines 2022;7(1):75.
doi:10.1038/s41541-022-00503-y, PMID:35787629.

[148] Le DT, Wang-Gillam A, Picozzi V, Greten TF, Crocenzi T, Springett
G, et al. Safety and survival with GVAX pancreas prime and Listeria
Monocytogenes-expressing mesothelin (CRS-207) boost vaccines for
metastatic pancreatic cancer. J Clin Oncol 2015;33(12):1325-1333.
doi:10.1200/JC0.2014.57.4244, PMID:25584002.

[149]Raman V, Howell LM, Bloom SMK, Hall CL, Wetherby VE, Minter LM, et
al. Intracellular Salmonella delivery of an exogenous immunization anti-
gen refocuses CD8 T cells against cancer cells, eliminates pancreatic tu-
mors and forms antitumor immunity. Front Immunol 2023;14:1228532.
doi:10.3389/fimmu.2023.1228532, PMID:37868996.

[150] Schmitz-Winnenthal FH, Hohmann N, Niethammer AG, Friedrich
T, Lubenau H, Springer M, et al. Anti-angiogenic activity of VXMO01,
an oral T-cell vaccine against VEGF receptor 2, in patients with ad-
vanced pancreatic cancer: A randomized, placebo-controlled, phase
1 trial. Oncoimmunology 2015;4(4):e1001217. doi:10.1080/216240
2X.2014.1001217, PMID:26137397.

[151] Ouyang X, Liu Y, Zhou Y, Guo J, Wei TT, Liu C, et al. Antitumor ef-
fects of iPSC-based cancer vaccine in pancreatic cancer. Stem Cell
Reports 2021;16(6):1468—1477. doi:10.1016/j.stemcr.2021.04.004,
PMID:33961792.

[152] Katti A, Diaz BJ, Caragine CM, Sanjana NE, Dow LE. CRISPR in
cancer biology and therapy. Nat Rev Cancer 2022;22(5):259-279.
doi:10.1038/541568-022-00441-w, PMID:35194172.

[153] Zhang J, Zhang S, Dorflein I, Ren X, Pfeffer S, Britzen-Laurent N,
et al. Impact of CRISPR/Cas9-Mediated CD73 Knockout in Pancre-
atic Cancer. Cancers (Basel) 2023;15(19):4842. doi:10.3390/can-
cers15194842, PMID:37835536.

[154] Gu Y, Zhang Z, Camps MGM, Ossendorp F, Wijdeven RH, Ten Dijke
P. Genome-wide CRISPR screens define determinants of epithelial-
mesenchymal transition mediated immune evasion by pancre-
atic cancer cells. Sci Adv 2023;9(28):eadf9915. doi:10.1126/sciadv.
adf9915, PMID:37450593.

[155]Witz A, Dardare J, Francois A, Husson M, Rouyer M, Demange J,
et al. CRISPR/Cas9-mediated knock-in of BRCA1/2 mutations re-
stores response to olaparib in pancreatic cancer cell lines. Sci Rep
2023;13(1):18741. doi:10.1038/s41598-023-45964-w, PMID:37907567.

[156] Jian CZ, Lin L, Hsu CL, Chen YH, Hsu C, Tan CT, et al. A potential
novel cancer immunotherapy: Agonistic anti-CD40 antibodies. Drug
Discov Today 2024;29(3):103893. doi:10.1016/j.drudis.2024.103893,
PMID:38272173.

[157]Beatty GL, Torigian DA, Chiorean EG, Saboury B, Brothers A, Alavi A,
et al. A phase | study of an agonist CD40 monoclonal antibody (CP-
870,893) in combination with gemcitabine in patients with advanced
pancreatic ductal adenocarcinoma. Clin Cancer Res 2013;19(22):6286—
6295. doi:10.1158/1078-0432.CCR-13-1320, PMID:23983255.

[158] Byrne KT, Betts CB, Mick R, Sivagnanam S, Bajor DL, Laheru DA, et
al. Neoadjuvant Selicrelumab, an Agonist CD40 Antibody, Induces
Changes in the Tumor Microenvironment in Patients with Resect-
able Pancreatic Cancer. Clin Cancer Res 2021;27(16):4574-4586.
doi:10.1158/1078-0432.CCR-21-1047, PMID:34112709.

[159] Liu HC, Davila Gonzalez D, Viswanath DI, Vander Pol RS, Saunders
SZ, Di Trani N, et al. Sustained Intratumoral Administration of Agonist
CD40 Antibody Overcomes Immunosuppressive Tumor Microenvi-
ronment in Pancreatic Cancer. Adv Sci (Weinh) 2023;10(9):e2206873.
doi:10.1002/advs.202206873, PMID:36658712.

[160] Jardim-Perassi BV, Irrera P, Oluwatola OE, Abrahams D, Estrella VC,
Ordway B, et al. L-DOS47 Elevates Pancreatic Cancer Tumor pH and En-
hances Response to Immunotherapy. Biomedicines 2024;12(2):461.
doi:10.3390/biomedicines12020461, PMID:38398062.

[161] Jacobetz MA, Chan DS, Neesse A, Bapiro TE, Cook N, Frese KK, et al.
Hyaluronan impairs vascular function and drug delivery in a mouse
model of pancreatic cancer. Gut 2013;62(1):112-120. doi:10.1136/
gutjnl-2012-302529, PMID:22466618.

[162] Blair AB, Wang J, Davelaar J, Baker A, Li K, Niu N, et al. Dual
Stromal Targeting Sensitizes Pancreatic Adenocarcinoma for

91


https://doi.org/10.14218/JTG.2024.00037
http://www.ncbi.nlm.nih.gov/pubmed/37339979
https://doi.org/10.1158/1078-0432.CCR-20-1025
http://www.ncbi.nlm.nih.gov/pubmed/32591464
https://doi.org/10.1080/21645515.2015.1093264
https://doi.org/10.1080/21645515.2015.1093264
http://www.ncbi.nlm.nih.gov/pubmed/26619245
https://doi.org/10.1007/s10238-011-0159-0
https://doi.org/10.1007/s10238-011-0159-0
http://www.ncbi.nlm.nih.gov/pubmed/21932124
https://doi.org/10.3748/wjg.v21.i39.11168
http://www.ncbi.nlm.nih.gov/pubmed/26494971
https://doi.org/10.1007/s00262-014-1554-7
http://www.ncbi.nlm.nih.gov/pubmed/24777613
https://doi.org/10.1136/jitc-2020-000772
http://www.ncbi.nlm.nih.gov/pubmed/32690771
https://doi.org/10.1038/sj.bjc.6603437
http://www.ncbi.nlm.nih.gov/pubmed/17060934
https://doi.org/10.1016/S1470-2045(14)70236-0
https://doi.org/10.1016/S1470-2045(14)70236-0
http://www.ncbi.nlm.nih.gov/pubmed/24954781
https://doi.org/10.1186/1479-5876-11-291
http://www.ncbi.nlm.nih.gov/pubmed/24237633
https://doi.org/10.1038/s41591-023-02760-3
http://www.ncbi.nlm.nih.gov/pubmed/38195752
https://doi.org/10.1053/j.gastro.2013.01.020
http://www.ncbi.nlm.nih.gov/pubmed/23333712
https://doi.org/10.1136/jitc-2020-001071
https://doi.org/10.1136/jitc-2020-001071
http://www.ncbi.nlm.nih.gov/pubmed/33115943
https://doi.org/10.3892/ol.2017.5717
https://doi.org/10.3892/ol.2017.5717
http://www.ncbi.nlm.nih.gov/pubmed/28454381
https://doi.org/10.1016/j.omto.2022.07.008
http://www.ncbi.nlm.nih.gov/pubmed/36090474
https://doi.org/10.1038/s41586-023-06063-y
https://doi.org/10.1038/s41586-023-06063-y
http://www.ncbi.nlm.nih.gov/pubmed/37165196
https://doi.org/10.1038/s41541-022-00503-y
http://www.ncbi.nlm.nih.gov/pubmed/35787629
https://doi.org/10.1200/JCO.2014.57.4244
http://www.ncbi.nlm.nih.gov/pubmed/25584002
https://doi.org/10.3389/fimmu.2023.1228532
http://www.ncbi.nlm.nih.gov/pubmed/37868996
https://doi.org/10.1080/2162402X.2014.1001217
https://doi.org/10.1080/2162402X.2014.1001217
http://www.ncbi.nlm.nih.gov/pubmed/26137397
https://doi.org/10.1016/j.stemcr.2021.04.004
http://www.ncbi.nlm.nih.gov/pubmed/33961792
https://doi.org/10.1038/s41568-022-00441-w
http://www.ncbi.nlm.nih.gov/pubmed/35194172
https://doi.org/10.3390/cancers15194842
https://doi.org/10.3390/cancers15194842
http://www.ncbi.nlm.nih.gov/pubmed/37835536
https://doi.org/10.1126/sciadv.adf9915
https://doi.org/10.1126/sciadv.adf9915
http://www.ncbi.nlm.nih.gov/pubmed/37450593
https://doi.org/10.1038/s41598-023-45964-w
http://www.ncbi.nlm.nih.gov/pubmed/37907567
https://doi.org/10.1016/j.drudis.2024.103893
http://www.ncbi.nlm.nih.gov/pubmed/38272173
https://doi.org/10.1158/1078-0432.CCR-13-1320
http://www.ncbi.nlm.nih.gov/pubmed/23983255
https://doi.org/10.1158/1078-0432.CCR-21-1047
http://www.ncbi.nlm.nih.gov/pubmed/34112709
https://doi.org/10.1002/advs.202206873
http://www.ncbi.nlm.nih.gov/pubmed/36658712
https://doi.org/10.3390/biomedicines12020461
http://www.ncbi.nlm.nih.gov/pubmed/38398062
https://doi.org/10.1136/gutjnl-2012-302529
https://doi.org/10.1136/gutjnl-2012-302529
http://www.ncbi.nlm.nih.gov/pubmed/22466618

J Transl Gastroenterol

Anti-Programmed Cell Death Protein 1 Therapy. Gastroenterol-
ogy 2022;163(5):1267-1280.e7. doi:10.1053/j.gastr0.2022.06.027,
PMID:35718227.

[163] DecoutA, KatzJD, Venkatraman S, Ablasser A. The cGAS-STING path-
way as a therapeutic target in inflammatory diseases. Nat Rev Immu-
nol 2021;21(9):548-569. doi:10.1038/s41577-021-00524-z, PMID:
338334309.

[164] BearAS,Vonderheide RH, O’Hara MH. Challenges and Opportunities
for Pancreatic Cancer Immunotherapy. Cancer Cell 2020;38(6):788—
802. doi:10.1016/j.ccell.2020.08.004, PMID:32946773.

[165] DeNardo DG, Galkin A, Dupont J, Zhou L, Bendell J. GB1275, a first-
in-class CD11b modulator: rationale for immunotherapeutic combi-
nations in solid tumors. J Immunother Cancer 2021;9(8):e003005.
doi:10.1136/jitc-2021-003005, PMID:34452928.

[166] Seo YD, Jiang X, Sullivan KM, Jalikis FG, Smythe KS, Abbasi A, et
al. Mobilization of CD8(+) T Cells via CXCR4 Blockade Facilitates

92

Murthy A.V. et al: Advances in pancreatic cancer care

PD-1 Checkpoint Therapy in Human Pancreatic Cancer. Clin Can-
cer Res 2019;25(13):3934-3945. doi:10.1158/1078-0432.CCR-19-0
081, PMID:30940657.

[167] Bockorny B, Semenisty V, Macarulla T, Borazanci E, Wolpin BM,
Stemmer SM, et al. BL-8040, a CXCR4 antagonist, in combination
with pembrolizumab and chemotherapy for pancreatic cancer: the
COMBAT trial. Nat Med 2020;26(6):878—-885. d0i:10.1038/s41591-
020-0880-x, PMID:32451495.

[168] Waickman AT, Alme A, Senaldi L, Zarek PE, Horton M, Powell JD. En-
hancement of tumor immunotherapy by deletion of the A2A adeno-
sine receptor. Cancer Immunol Immunother 2012;61(6):917-926.
doi:10.1007/s00262-011-1155-7, PMID:22116345.

[169] Hay CM, Sult E, Huang Q, Mulgrew K, Fuhrmann SR, McGlinchey
KA, et al. Targeting CD73 in the tumor microenvironment with
MEDI9447. Oncoimmunology 2016;5(8):e1208875. doi:10.1080/21
62402X.2016.1208875, PMID:27622077.

DOI: 10.14218/JTG.2024.00037 | Volume 3 Issue 2, June 2025


https://doi.org/10.14218/JTG.2024.00037
https://doi.org/10.1053/j.gastro.2022.06.027
http://www.ncbi.nlm.nih.gov/pubmed/35718227
https://doi.org/10.1038/s41577-021-00524-z
http://www.ncbi.nlm.nih.gov/pubmed/33833439
https://doi.org/10.1016/j.ccell.2020.08.004
http://www.ncbi.nlm.nih.gov/pubmed/32946773
https://doi.org/10.1136/jitc-2021-003005
http://www.ncbi.nlm.nih.gov/pubmed/34452928
https://doi.org/10.1158/1078-0432.CCR-19-0081
https://doi.org/10.1158/1078-0432.CCR-19-0081
http://www.ncbi.nlm.nih.gov/pubmed/30940657
https://doi.org/10.1038/s41591-020-0880-x
https://doi.org/10.1038/s41591-020-0880-x
http://www.ncbi.nlm.nih.gov/pubmed/32451495
https://doi.org/10.1007/s00262-011-1155-7
http://www.ncbi.nlm.nih.gov/pubmed/22116345
https://doi.org/10.1080/2162402X.2016.1208875
https://doi.org/10.1080/2162402X.2016.1208875
http://www.ncbi.nlm.nih.gov/pubmed/27622077

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Imaging techniques for the diagnosis of pancreatic cancer﻿

	﻿﻿Abdominal ultrasound (US)﻿

	﻿﻿﻿Endoscopic ultrasound (EUS)﻿

	﻿﻿﻿MDCT﻿

	﻿﻿﻿MRI﻿

	PET﻿


	﻿﻿﻿﻿Blood and tissue-based tests for the diagnosis of pancreatic cancer﻿

	﻿﻿CA 19-9﻿

	﻿﻿﻿miRNAs﻿

	﻿﻿﻿Methylation on beads technique﻿

	﻿﻿﻿ctDNA﻿

	﻿﻿﻿Autoantibodies﻿

	﻿﻿﻿Cytokines and chemokines﻿


	﻿﻿﻿﻿Omics studies and multimarker analysis﻿

	﻿﻿Proteomics﻿

	﻿﻿﻿Radiomics﻿

	﻿﻿﻿Multimarker analysis﻿


	﻿﻿﻿﻿Treatment approaches﻿

	﻿﻿Targeting HRD pathways﻿

	﻿﻿﻿Platinum-based therapy﻿

	﻿﻿﻿PARP inhibitors﻿

	﻿﻿﻿Immune checkpoint inhibitors (ICIs)﻿

	﻿﻿﻿CLDN18.2 as a treatment target﻿

	﻿﻿﻿﻿﻿﻿Role of immunotherapy﻿


	﻿﻿﻿﻿﻿Future directions﻿

	﻿﻿Costimulatory molecule agonists﻿

	﻿﻿﻿Neutralizing tumor acidity﻿

	﻿﻿﻿Targeting desmoplastic barriers﻿

	﻿﻿﻿Innate immune activation﻿

	﻿﻿﻿TME-modulating agents﻿


	﻿﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


