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ABSTRACT

Pancreatic cancer remains one of the most aggressive malignancies, with a persistently low five-year survival rate
despite significant therapeutic advancements. Over recent decades, surgical techniques have evolved toward
extended resections and minimally invasive approaches, improving safety and resectability in selected patients. In
parallel, systemic chemotherapy regimens, including combination therapies, have demonstrated modest survival
benefits. Nevertheless, treatment efficacy is frequently limited by late diagnosis, therapeutic resistance, and the
dense tumor microenvironment characteristic of pancreatic ductal adenocarcinoma. Recent progress in
nanotechnology and image-guided interventions has introduced novel therapeutic strategies beyond conventional
modalities. Among these, photothermal therapy (PTT), particularly when combined with molecular targeted
therapy, gene therapy, immunotherapy, and nano-enzyme-based systems, has shown promising preclinical
outcomes. Nanotechnology-enabled drug delivery systems offer improved tumor targeting, enhanced drug
penetration, and reduced systemic toxicity, addressing key limitations of standard treatments. This review provides
a comprehensive overview of current and emerging treatment approaches for pancreatic cancer, encompassing
surgical innovations, chemotherapy, radiotherapy, molecular targeted therapy, photothermal therapy, and
nanotechnology-based drug delivery systems. Emphasis is placed on combination therapeutic strategies and their
potential to enhance treatment efficacy. Additionally, the challenges associated with clinical translation and future
research directions are discussed, with the aim of supporting the development of more effective and personalized

therapeutic interventions for pancreatic cancer.

KEYWORDS: Pancreatic cancer; nanomedicine; photothermal therapy; molecular targeted therapy; drug delivery
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INTRODUCTION

One type of tumor that affects the Gl tract is carcinoma of the pancreas, which has been more common recently, & 5-yr
survival rate of almost 10%. PDAC or Pancreatic Ductal Adenocarcinoma is currently the third-biggest cancer killer in
America.’® Cancer linked symptoms, such as pain, fatigue, anorexia, depression, & anxiety, are highly prevalent in PC
patients and tend to worsen as the end-of-life (EoL) approach.[**) Obesity and diabetes have long been recognized as

risk factors for this condition, and diabetes that has either developed recently or gotten worse may be a sigh of PDAC.

Smoking cigarettes continues to be one of the most important and controllable risk factors for PC.!®! Smoking is a
contributing factor in 16.1% of female and 25.9% of male PC deaths.!”

Furthermore, genetic alterations were an important variable in the development of PDAC.¥ Currently, the mainstay of
care for pancreatic cancer patients is surgery. Individuals with pancreatic cancer who did not qualify for surgical
resection may be treated with chemotherapy, radiotherapy, and immunotherapy. However, due to medication resistance,

their effectiveness was not up to par.'"**"! It is imperative that new, more focused treatments be developed.

Advances in science have made nanoparticles ideal for drug delivery due to their unique physical and chemical
characteristics, including high surface area, tunable pore size, high drug-carryng capacity, and favorable
biocompatibility, which collectively enable more efficient and targeted delivery to tumor tissues.*>**! Gemcitabine and
cisplatin co-delivery via nanoparticles may have a synergistic effect on PDAC.Y The PDAC matrix consists of the
extracellular environment, the circulatory network, and tumor-related support cells. These components can combine to
form a dense tumor mesenchyme that obstructs the delivery of drugs.™ Nano-drug delivery systems have been
investigated for their potential to improve drug penetration across the tumor—interstitial barrier; however, their clinical

effectiveness remains under evaluation.™®!

The most often overexpressed genes in pancreatic cancer, including SMAD4, TP53, CDKN2A, and KRAS, have been
found to be viable targets for molecular targeted treatment.'” Recent studies have explored molecular targeted
therapies for pancreatic cancer, although clinical outcomes have remained modest due to therapeutic resistance. These
approaches include epidermal growth factor receptor inhibitors; however, their clinical benefit has been limited, largely

(18291 Even though there are now a lot of treatments for

due to the rapid development of resistance mechanisms.
pancreatic cancer, the tumour’s cure would inevitably present enormous obstacles. Thus, the development of novel and
potent treatments for this illness is essential. This review aimed to provide new insights into the treatment of pancreatic
cancer by describing recent developments in combination drug administration strategies, molecular targeted therapy,

photothermal therapies, and nano-drug delivery systems.

LITERATURE SEARCH METHODOLOGY
This narrative review was conducted using literature retrieved from PubMed, Scopus, and Web of Science databases.

Articles published in English up to 2024 were included. Relevant keywords included “pancreatic cancer,”

2 EEINT3

“nanoparticles,” “photothermal therapy,” “molecular targeted therapy,” and “drug delivery systems.” Preclinical and

clinical studies relevant to therapeutic advancements were considered.
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Epidemiological data

There is no doubt that PC usage is rising globally. Between 1990 and 2017, there was 2.3 - fold rise in the number of
deaths for both genders, and the age-standardized rate of death increased from 5.0 per 100,000 person-years to 5.7 per
100,000 person-years.™ The population who was 70 years of age or older and between 50 and 69 yrs of age was the
main contributor to the annual number of new cases.”” The male-to-female ratio was 1.0:1.1, with 458,918 registered
PC cases®® in Globocan 2018 and 495,773 cases in 2020. Western Europe had the highest incidence rate (8.6/100,000),
while South-Central Asia had the lowest (1.2/100,000).

The most recent Globocan data shows that although the incidence rate of PC is 4.9/100,000 worldwide, it is
8.6/100,000 in Western Europe, 8.0/100,000 in North America, and significantly higher than the global average in the
pan-European region.[?? Although Asia's pancreatic cancer cases were generally lower than those of Western nations,
some Asian regions—such as China—reported comparatively higher rates. South-Eastern and South-Central Asia had
far lower PC incidences than the global average, while Eastern and Western Asia had slightly higher incidences.!**]

Differences in PC incidence were also observed between individuals of rural and urban areas. Numerous factors may
contribute to the higher PC incidence rate in urban areas, including: a greater number of medical facilities and
specialists, which raised diagnostic rates, as well as a greater incidence of obesity and tobacco use.? On the other
hand, reduced incidence rates from rural areas may be brought on by fewer healthcare providers, a lower population

density, and distinct lifestyle choices.’®”!

In conclusion, a complex interaction between genetic, environmental, and lifestyle factors was reflected in the regional
differences in PC incidence. It is imperative to acknowledge and tackle these variations in order to customize

efficacious prevention and early detection initiatives.

Treatment approaches

Surgery: Even though surgical resection presents a chance for curative therapy, only 20% of patients have tumors that
can be surgically removed.?® Depending on where the tumor is located in the pancreas, the surgical treatment option
for tumors in the pancreas varies. A majority of tumors of the pancreas are found in the head of the pancreas and
require a pancreaticoduodenectomy for complete resection, which is also called as artery first approach, although
tumors closer to the pancreatic head can typically be treated with a distal pancreatectomy.?”? When treating resectable
pancreatic carcinoma surgically, the traditional &pancreatoduodenectomy (PD) using the Kausch-Whipple technique
or+the pylorus™preserving PD using the Traverso)Longmire technique are considered the standard surgical
treatments. 2

In cases of resectable pancreatic carcinoma, the standard surgical approach involves either the pylorus-preserving
Traverso-Longmire mobilization of the downcast duodenum by incision of the peritoneum along the lateral side of the
duodenal fold, or conventional PD via the Kausch-Whipple procedure. After that, the Cattell-Brascha maneuver is
carried out, which entails activating the caecum&the right half of the colon and the hepatic flexures from the right side
in a medial direction, and mobilizing the small intestine's posterior appendices in a cranial direction. Large
retroperitoneal space vessels, such as the inferior vena cava and aorta, are thus beautifully displayed. The remaining

portion of the preparation is done cranially until the upper mesenteric artery and left renal vein are visible.* Criteria
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for pancreatic cancer respectability according to the National Comprehensive Cancer$Network version 2.2017@are
shown in Table 1.

The most crucial procedure in terms of the oncological PD stage is the technical separation of the pancreatic head from
the mesenteric artery, which is also the most challenging.[30] Using the classical method, the superior mesenteric vein
and portal vein combination is divided from the pancreatic neck. Afterwards, a cut along the venous plane is made to
remove the pancreas. Subsequently, the surrounding tissues make it simple to dissect the pancreatic head and the
uncinate process. The pancreatic head and the mesenteric artery can only be attempted to be separated at this point in

the surgical procedure.

Pancreaticoduodenectomy has been additionally carried out via laparoscopy; multiple case series have shown the
viability, safety, and effectiveness of this procedure in comparison to open surgery.* Additionally, the use of the
robotic platform in pancreatic surgery is growing. This method gets around some of the drawbacks of laparoscopy, like
poor ergonomics, dexterity, and two-dimensional visualization. Zureikat et al.*? reported a total pancreatic fistula rate
0f027% & a 90-d Clavien5grade=III-IV complication rate of 23% in a series of 30 patients going through robot-
assisted major pancreatectomy and reconstruction. After conducting research, they concluded that conventional
pancreatectomy and robotic surgery can both be executed safely and with comparable rates of postoperative
complications. Larger, controlled trials and more experience are required to precisely define potential advantages and

clarify the long-term oncologic results of minimally invasive pancreaticoduodenectomy.

Chemotherapy: There aren't many efficient chemotherapy choices for pancreatic cancer that has spread. Although
many different agents have been studied alone or in combination with gemcitabine, few have shown a positive effect on
survival in patients with advanced disease. Gemcitabine has been the standard agent of choice since the 1990s.53%¢!
More recently, regimens consisting of 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin, or FOLFIRINOX, as well
as gemcitabine + nab-Paclitaxel, have been found to result in greater levels of response than gemcitabine alone. 342
patients with metastatic pancreatic cancer were randomly allocated to receive either FOLFIRINOX7or single@agent
gemcitabine as first-linedtreatment for pancreatic=cancer in the Actions Concertées dans9les Cancer Colo-Rectaux et
Digestifs (ACCORD) 11 trial B

Following the discovery of high levels of the albumin-binding protein+SPARC (secreted7protein acidic and rich-in
cysteine)5in pancreatic tumors through molecular profiling, the role of nab-paclitaxel in pancreatic cancer was
examined.?® In breast and lung cancers, nab-paclitaxel has shown anti-tumor activity, especially in tissues with high
levels of SPARC expression.*® Tumors with elevated SPARC levels in patients with pancreatic cancer are thought to
act as albumin-binding sites, sequestering nab-paclitaxel and concentrating drug levels intramuscularly.®® Another
theory is that paclitaxel enters the tumoral interstitial area via endothelial cells' gp60 albumin receptor. In breast
cancer and lung tumors, nab-paclitaxel has shown anti-tumor activity, especially in tissues with elevated levels of
SPARC expression.

Additionally, erlotinib, along with gemcitabine, is a multidrug regimen that has demonstrated enhanced overall and

progression-free survival.“**" However, FOLFIRINOX and gemcitabine + nab-paclitaxel are the recommended
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treatment options for individuals with an appropriate level of performance because of their greater chance for improved
results.

Radiation therapy: Pancreatic cancer (PC) remains a challenging disease for oncologists despite advancements in
surgical management, chemotherapy, and chemoradiation therapy (CRT) techniques. A key factor in classifying locally

advanced PC is whether or not there is vascular involvement. This spectrum runs from resectable to locally advanced.

Prospective evaluation using imaging studies—mostly CT scans, but also MRIs and endoscopic ultrasounds are
required to determine resectability. Despite conflicting data supporting its effectiveness, an adjuvant radiation treatment
(RT) is frequently used. The first randomized trial to compare@adjuvant chemo radiation (40=Gy in a splitbcourse
with weekly bolus of@5-FU) to observation in 43 patients (22 vs 21) with negative margins following a PDAC
removal was the GITSG study, which was carried out in 1985.14 Their findings indicated that CRT prolonged overall
survival (average of 205months@vs. 11 months), but the trial's early closure was caused by low patient enrolment (it
was meant tosenrol 100 patients). Thus, CRT was adopted as the new adjuvant treatment norm. Nonetheless,
subsequent randomized trials cast doubt on the survival advantage of CRT in the adjuvant setting.[***! Neoadjuvant
radiation offers some theoretical benefits as well, much like chemotherapy. Increasing the effectiveness of the
neoadjuvant strategy for radiation treatment makes sense, considering the high morbidity following PDAC procedure
and the early systemic recurrence. Research on neoadjuvant radiation since the 1980s has only been able to find a slight
benefit. Numerous small-scale trials have been conducted to determine the efficacy and security of the treatments. Its
capacity to enhance local control and survival when given in combination with either gemcitabine or 5-FU as
radiosensitizers has been restricted to cases of resectable disease!®*”! and borderline resectable/locally advanced
disease.*®*%] Better evidence for neoadjuvant chemoradiation for individuals with marginally resectable conditions was
presented by the 2018 PREOPANC-1 study. A randomization process was used to assign 246 patients with PDAC who
were on the verge of surgery or neoadjuvant gemcitabine + 36 Gy radiation given in between two cycles of
gemcitabine, with adjuvant chemotherapy offered to both groups. The RO resection rate (65% vs.31%), disease-free
survival (median 11.2 vs. 7.9 months), and overall survival (median 17.1 vs. 13.3 months) were all noticeably higher in
the chemotherapy-radiation group of patients, despite the fact that fewer of them underwent resection (62% vs. 122%).
Additional evidence for the advantages of neoadjuvant chemoradiation comes from patient data from the Observation,
&Epidemiology, and End=Results (SEER) registry as well as a 2018 meta-analysis.>**!

Nano drug delivery: The size and distinct surface characteristics of nanoparticles play a critical role in controlling
drug release, suggesting that a nano=drug*delivery system for pancreatic cancer might reduce side effects and increase
therapeutic efficacy.® The=treatment of pancreatic cancer5has made extensive use of nanoscale drug delivery systems
like liposomes. Recently, Raza et al. conducted an extensive evaluation of some of the most recent developments in

liposome-based pancreatic cancer detection and therapy, offering a new avenue for pancreatic cancer treatment.!

This section covered the following topics: albumin, natural polymers such as poly (lactic-co-glycolic acid), mesoporous

silica, and exosome-mediated nano-drug delivery systems.

With their approval by the FDA, mesoporous silica nanoparticles (MSNs) have garnered significant interest as a drug

delivery mediator. Their largebsurface area, high drug5loading, and capacity to regulate the release of bioactive
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substances were their distinguishing features. Furthermore, functional groups and ligands may be better able to target if
[54-56]

they were altered.
Targeting the 5folic acid receptors5on tumor5cells specifically could enhance the curative effect of folic acid-modified
mesoporous silica nanoparticles.®*® Delivery ofSirinotecan via MSNs elicited a more potent anti-tumor antibody
response7in an in-situ K-Ras-dependent=pancreatic cancer model than either irinotecan alone or the liposomal
formulation Onivyde. Additionally, concurrent anti-PD-1 therapy may considerably raise pancreatic cancer patients'
chances of survival.®¥ One protease that was found to be highly expressed in PDAC was ADAMO. Paclitaxel delivery
can be efficiently targeted, toxic reactions may be greatly decreased, and therapeutic efficacy may be enhanced by a
mesoporous00silica-modified @ ADAM9-mediated drug6delivery system.[® MSNs are a promising nano-drug delivery
platform that reduces toxic effects as they stimulate the accumulation of drugs in cancer cells.® Therefore, a very

promising method for treating pancreatic cancer was the MSNs-mediated nano-drug delivery system.

Albumin nanoparticles were utilized for the=targeted therapy of#PDAC by delivering6pre-drug B-lap, nab-(pro-p-
lap),4with experimental results demonstrating its high safety and anti-tumor efficacy.®? A combination of
polycaprolactone, or PCL, and bovine serum albumin (BSA) was used to link albendazole into 100 nm-diameter
nanoparticles. BSA-PCL nanoparticles, which have the potential to be used as targeted delivery vectors for albendazole
for the management of pancreatic cancer, were demonstrated in studies to be able to precisely and efficiently deliver the
drug to pancreatic multicellular tumor spheroids.’®®! Studies showed that these nanoparticles could enter mouse
xenograft models' tumor tissues, accumulate inside the tumors, and gradually harden to dramatically slow the growth of
tumors in nude mice.*” Furthermore, heat-and fibrosis matrix-sensitive liposomes with size-adjustable capabilities
were used to encapsulate immune checkpoint inhibitor-containing smaller albumin nanoparticles (HSA-BMS@CAP-
ILTSL). The combined therapeutic approach improved immunotherapeutic responses in experimental pancreatic cancer
models.®™™ As an outcome, the use of albumin-based nanoparticles offered a very promising method of targeted
medication delivery.[*¢¢"]

Exosomes were nanovesicles made of cells that ranged in diameter from 30 to 150 nm.@Exosomes have been broadly
used as=nanocarrier platforms for*delivering nucleic acids and chemotherapy medications because of their robustness,
low immunogenicity, good biocompatibility, and other qualities. Exosomes can carry molecules into target cells and

initiate pathways of signaling as a way of intercellular communication.[®!

Because of its superior surface modification capabilities, controlled release properties, biodegradability, and
biocompatibility, poly (lactic-co-glycolic acid) (PLGA) has received FDA approval.!™® PLGA nanoparticles could
contain chemotherapy medications that precisely target tumor cells when they are created as specific targeting
molecules.™"®

A naturally occurring chemical with anti-inflammatory and tumor-fighting properties that was extracted from the ginger
plant is called curcumin. Constructing chitosan &(polyethylene glycol (PEG) coated PLGA=nanoparticles
enriched+with curcumin, as opposed to single curcumin, could improve cellular uptake and trigger apoptosis in

pancreatic cancer cells,["™ according to in-vivo & in=vitro experiments.
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Molecular targeted therapy: Targeting the epidermal5growth factor=receptor, human=epidermal growth
factor#receptor 2, trophoblast&cell-surface antigen 2, and the vascular=endothelial growth factor=was the primary
strategy used in molecular targeted treatment for cancer of the pancreas.l’®

A memberbof the ERBB familypof cell surfaceureceptor tyrosinelkinases is the epidermalYgrowth factor
receptorI(EGFR).[77] It functions as an intracellular tyrosine Kinase domain, a transmembrane domain, along with a
domain that is extracellular, specific to ligands. After attaching itself to its particular ligand, @EGF,*EGFR can
assemble into homologous%or heterodimeric_complexes that auto-phosphorylate the receptor'sgtyrosinekkinase,

s.l’®™1 Inhibitors of Tyrosine kinase that are small molecules, like

thereby initiating downstream signaling pathway.
gefitinib and erlotinib, have the ability to bind only toooverexpressed proteinsoin tumor cells. Theyhcan specifically
target the EGFR dimer'sgintracellular protein structural domain, which will interfere with ATPHbinding and further

prevent the downstreamKtyrosine kinase from being phosphorylated.

8081 The only small-moleculehtargeted therapyhinhibitor that is

In the long run, this stops tumor cells from growing.
authorized for the treatment of PDAC is erlotinib, as shown in Figure 1. The clinical trials demonstrated that either

erlotinib used as a monotherapy on its own or in conjunction with gemcitabine produced insufficient outcomes.“%

Canertinib is an additional irreversible EGFR inhibitor that lowers the proliferation, survival, and migration of
pancreatic cancer cells by influencing EGFR familyuproteins & consequently downregulating the MUC4 mucins. It
also prevents the phosphorylation of tyrosine and increases ubiquitination.®?

Photothermal therapy alone or in combination with Gene Therapy: Nanotechnology-based photothermal therapy
(PTT) offers treatment options for pancreatic cancer that show promise. Pancreatic cancer frequently has the K-Ras
mutation.®¥ A gene-targeting K-Ras G12V alteration was combined with a synergistic therapy that used
reducedyoxidized graphene=@gold nano stars crosslinked withyfolic@acid. The outcome demonstrated that
photothermal and gene therapy together exhibited a strong anti-tumour effect in pancreatic cancer tumour-bearing
mice.[® Combining near-infrared photo-hyperthermia with multifunctional single-layer oxidized graphene nanosheets
could significantly reduce the risk of cancer of the pancreas by delivering both K-Ras and HDAC1 siRNAs that trigger
gene silencing.®® When biodegradable imposed polyesters vectors and quantum dots of graphene were employed to co-
carry doxorubicin and siRNA, a photothermal effect caused by laser irradiation may cause the release of both agents.
This nano-complex would have considerably enhanced its ability to fight cancer.®®

Combined Administration Strategy for Pancreatic Cancer: Experimental studies have demonstrated enhanced anti-

tumor activity with nanoparticle-based combination therapies, although most evidence remains preclinical.*" !

Varlitinib was conjugated with¥pegylated@gold nanoparticles in a controlled-release delivery system, which improved
the drug's effectiveness against pancreatic malignancies while decreasing its harmful side effects.’® Target cells may be

able to absorb more medication when EGFR ligands and nanoparticles are coupled, possibly inducing apoptosis.'*”

Targeting EGFR, the GE11 peptide mixed micellar system delivered gemcitabine and OMe-PS-miR-519c to pancreatic

tumor cells with precision and efficaciously inhibited the growth of the tumors."*"

www.wjpsronline.com 572




World Journal of Pharmaceutical Science and Research Volume 5, Issue 5, 2026

Nucleic acid delivery via nanoparticles has the potential to overcome resistance to drugs in different tumors by
triggering cell apoptosis.®? PL-1/miR-9 nanoparticles have the ability to deliver miR-9 selectively, suppress eIF5A2
expression, and cause PDAC cells to undergo apoptosis.®® The combination therapy demonstrated improved
therapeuticueffects, includingymatrix depletion, decreasedyimmunosuppression, and inhibition of metastasis. Anti-
miR-210 and siKRASG12D were given via polymeric nanoparticles involving CXCR4 antagonist.”*! Gemcitabine and
microRNA (miR-345) were co-delivered using a polymerzdual-deliveryznanoscale device, leading to a combination
therapy that inhibited tumorzgrowth & metastasis to distant organs.®® C225-GEM/MAN, a combination of the novel
cetuximab (C225) and a magnetic albumin nanosphere containing gemcitabine, was utilized as an MRI molecular
probe. According to the findings, this dual-targeted thermochemical therapy on AsPC-1 cells in the pancreas illustrated
the greatest targeted killing efficiency.®®

CONCLUSION

Treatment for pancreatic cancer is extremely difficult because it is a highly malignant tumor. Although surgical
resection is still the most common method, its effectiveness hasynot increased over_time. The first-lineytreatment for
pancreatic cancer is chemotherapy. Therapy outcomes are, however, frequently constrained by drug resistance,
heterogeneity, and dense tumor interstitial media. Modern medicine is using hanomaterials (tiny, engineered particles)
to solve a major problem: getting drugs past the body’s natural defenses and directly into cancer cells. These particles
can be designed to target specific areas, like the oxygen-starved ("hypoxic™) parts of a tumor, to release medicine
exactly where it is needed., immunotherapy, and nanoenzyme-based approaches has expanded the scope of

experimental therapeutic strategies, though clinical translation remains limited.
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