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This comprehensive review on pancreatic cancer (PC), particularly Pancreatic Ductal 

Adenocarcinoma (PDAC), examines its rising global incidence and lethality (5-year 

survival rate \sim 11.5\%) by detailing its anatomy, pathology, diagnosis, and modern 

treatment. PDAC is strongly linked to modifiable risk factors like smoking, chronic 

pancreatitis, and diabetes, and is genetically driven by mutations in KRAS (over 90\% 

of cases) and tumor suppressors like TP53 and SMAD4. Diagnosis often occurs late due 

to non-specific symptoms, relying primarily on MDCT and EUS-FNA, supplemented 

by the evolving CA19-9 marker and newer liquid biopsy technologies like the PAC-

MANN test. While surgical resection (e.g., the Whipple procedure) remains the only 

curative option, most patients require systemic therapy, with FOLFIRINOX being the 

highly effective but toxic mainstay for metastatic disease. The trend is shifting towards 

neoadjuvant chemotherapy to downstage tumors and precision oncology, highlighted by 

the success of PARP inhibitors for BRCA1/2-mutated tumors and emerging KRAS-

targeted therapies, offering hope for improved stage-dependent prognoses. 
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INTRODUCTION 

Anatomy and Physiology of Pancreas: 

The pancreas functions as both an endocrine and 

exocrine gland. It lacks a well-defined connective 

tissue capsule and is instead enclosed by a thin 

layer of loose connective tissue. This tissue 

extends into the gland as septa, dividing it into 

numerous lobules.[1] 

The pancreas is located retroperitoneally, 

approximately at the level of the transpyloric 

plane. Anatomically, it is divided into four 

regions: the head, neck, body, and tail. The head 

of the pancreas sits within the C-shaped curve of 

https://www.ijpsjournal.com/
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the duodenum and extends a projection called the 

uncinate process, which wraps behind the superior 

mesenteric vessels as they pass from behind the 

pancreas into the root of the mesentery. Behind the 

pancreas lie several important structures, including 

the inferior vena cava, the beginning of the portal 

vein, the aorta, superior mesenteric vessels, 

diaphragmatic crura, coeliac plexus, the left 

kidney, and the left adrenal (suprarenal) gland. 

The splenic artery, known for its winding path, 

travels along the upper edge of the pancreas. The 

splenic vein passes behind the pancreas, where it 

receives the inferior mesenteric vein and unites 

with the superior mesenteric vein behind the neck 

of the pancreas to form the portal vein.[2] 

FUNCTIONS OF PANCREAS: 

The pancreas serves two main vital roles in the 

body: an endocrine function, which involves 

producing hormones that control blood sugar and 

regulate gland activity, and an exocrine function, 

which relates to its role in digestion.[3] 

The endocrine function of the pancreas is carried 

out by the islets of Langerhans, which produce 

hormones such as insulin, proinsulin, amylin, C-

peptide, somatostatin, pancreatic polypeptide 

(PP), and glucagon. Insulin works to decrease 

blood glucose levels, while glucagon increases 

them. [4] 

SOME DISORDERS OF PANCREAS: 

Inflammatory Diseases 

Chronic and Acute Pancreatitis 

Chronic pancreatitis (CP) is the leading cause of 

exocrine pancreatic insufficiency (EPI) in adults 

and is the most prevalent pancreatic disorder. Due 

to ongoing inflammation, pancreatic cells lose 

their normal function, and the enzymes meant for 

digestion activate prematurely, before reaching the 

small intestine. This inflammation also impairs 

insulin production, and in severe cases, digestive 

enzymes may start damaging the pancreas itself 

and nearby tissues. Without proper treatment, 

chronic pancreatitis can become life-

threatening.[5] 

Celiac Disease 

Celiac disease is a long-term inflammatory 

disorder of the intestines, where consuming 

gluten—a protein present in wheat, barley, and 

rye—causes damage to the intestinal lining.[6] 

Even though the pancreas’s exocrine function 

remains intact in this condition, the reduced 

release of cholecystokinin—caused by the atrophy 

of the duodenal villi—leads to poor gallbladder 

contraction and decreased secretion of pancreatic 

enzymes. As a result, inflammation and intestinal 

damage can interfere with the pancreas’s ability to 

properly release digestive enzymes.[7] 

Neoplastic Diseases 

Tumors or Cysts 

The most severe pancreatic disorders are 

neoplasms, which include endocrine tumors 

(pancreatic neuroendocrine tumors) and exocrine 

tumors (pancreatic cancer). Neuroendocrine 

tumors are a diverse group of diseases with varied 

clinical and pathological characteristics, typically 

progressing more slowly than non-endocrine 

tumors.[8] 

Pancreatic ductal adenocarcinoma (PDAC) makes 

up more than 90% of all pancreatic cancer cases 

and is the primary type of exocrine tumor.[9] 

The tumor’s distinct microenvironment and 

aggressive behaviour cause it to respond poorly to 

standard chemotherapy, resulting in a low overall 

5-year survival rate of just 8.5%.[3] 



Falgun Mehta, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 3, 4030-4063 | Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 4032 | P a g e  

Hereditary disease  

Cystic fibrosis 

Cystic fibrosis is a hereditary disorder that 

damages the pancreatic ducts and is the second 

most common cause of exocrine pancreatic 

insufficiency (EPI). In individuals with cystic 

fibrosis, pancreatic cells deteriorate and become 

fibrotic, while thick mucus builds up within the 

pancreatic ducts. This leads to both exocrine and 

endocrine pancreatic insufficiency. Proper 

nutrition plays a crucial role in managing cystic 

fibrosis and EPI. In these conditions, thick, sticky 

mucus is produced in the lungs and digestive tract, 

causing blockages in various organs.[10] 

Shwachman-Diamond Syndrome 

Shwachman-Diamond syndrome (SDS) is an 

inherited autosomal recessive disorder marked by 

pancreatic exocrine insufficiency. Its clinical signs 

include neutropenia, anaemia, and 

thrombocytopenia [11] Additional symptoms are 

frequent infections, bone abnormalities, and 

impaired growth. This syndrome may also 

increase the risk of developing tumors in the 

blood-forming (hematopoietic) system. 

Individuals with SDS often lack the pancreatic 

cells responsible for producing digestive 

enzymes.[3] 

CANCER AND ITS TYPES: 

When normal cells are irreparably damaged, they 

undergo apoptosis,   

process of programmed cell death. However, 

cancer cells evade apoptosis and continue to grow 

uncontrollably. Cancer refers to a group of 

diseases characterized by the unchecked division 

of cells and their ability to invade nearby tissues or 

spread to distant parts of the body through 

metastasis. This uncontrolled and often rapid cell 

growth can result in either benign or malignant 

tumors. Benign tumors remain localized, do not 

invade other tissues, but may compress 

surrounding vital structures. In contrast, malignant 

tumors can infiltrate other organs, spread to distant 

sites, and pose a serious threat to life.[12] 

 
Figure 1 CANCEROUS CELLS 

Cancer can arise in nearly any organ or tissue, 

including the lungs, colon, breast, skin, bones, and 

nervous system. There are many factors that can 

cause cancer, such as radiation, sunlight, tobacco 

use, certain viruses, benzene, toxic mushrooms, 

and aflatoxin. However, for many cancers, the 
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exact cause is still unknown. Among all types, 

lung cancer is the leading cause of cancer-related 

deaths.[13] 

PANCREATIC CANCER: 

Pancreatic cancer is a major cause of cancer-

related deaths worldwide, with its global impact 

more than doubling in the past 25 years. The 

highest rates are seen in North America, Europe, 

and Australia. While much of this rise is linked to 

aging populations, several key risk factors that can 

be modified—such as cigarette smoking, obesity, 

diabetes, and alcohol consumption—also play a 

significant role. As these risk factors become more 

common in many parts of the world, age-adjusted 

rates of pancreatic cancer are increasing. However, 

the influence of each risk factor varies by region 

due to differences in their prevalence and the 

effectiveness of prevention efforts.[14] 

Pancreatic carcinoma is responsible for over 

250,000 deaths each year. It ranks as the 13th most 

commonly diagnosed cancer and the 8th leading 

cause of cancer-related deaths. It has one of the 

poorest survival rates of all cancers, with a 

mortality-to-incidence ratio of 98%.[15] 

Surgical removal of the tumor can result in a 5-

year survival rate of around 20%, but due to 

extensive local spread or metastasis, only 10–20% 

of patients are eligible for pancreatic 

resection.[16] 

Based on SEER data from 2008–2012, pancreatic 

cancer occurred at a rate of 12.4 new cases per 

100,000 people annually. Around 1.5% of men and 

women are expected to be diagnosed with 

pancreatic cancer during their lifetime.[17] 

Types of Pancreatic Cancer 

Pancreatic cancers are generally categorized into 

two main types: 

1. Exocrine tumors, which are the most common 

and account for about 95% of cases 

2. Endocrine tumors, also known as pancreatic 

neuroendocrine tumors (Pannetts) 

1. Exocrine Pancreatic Tumors 

These tumors originate from the ductal or acinar 

cells of the pancreas, which are involved in 

producing digestive enzymes. 

A. Pancreatic Ductal Adenocarcinoma (PDAC) 

Pancreatic ductal adenocarcinoma (PDAC) is the 

predominant form of pancreatic cancer, making up 

about 90% of all pancreatic malignancies. It 

develops from the ductal epithelial cells of the 

pancreas, which secrete and transport digestive 

enzymes into the small intestine. PDAC most 

commonly arises in the head of the pancreas, 

which can occasionally result in earlier symptoms 

like jaundice caused by bile duct obstruction. 

Nevertheless, PDAC is recognized for its 

aggressive nature and is usually diagnosed at an 

advanced stage, leading to a very poor prognosis 

[18].  

B. Adenosquamous Carcinoma 

Aden squamous carcinoma of the pancreas is an 

uncommon type of cancer, representing less than 

5% of all pancreatic tumors. It is defined by the 

coexistence of both adenocarcinoma and 

squamous cell carcinoma elements within a single 

tumor, setting it apart from the more prevalent 

pancreatic ductal adenocarcinoma (PDAC). 

Clinically, this subtype is regarded as more 

aggressive than PDAC, typically linked to a worse 

prognosis, increased risk of metastasis, and 

diminished response to standard therapies [19]. 

C. Acinar Cell Carcinoma 



Falgun Mehta, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 3, 4030-4063 | Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 4034 | P a g e  

Acinar cell carcinoma is an uncommon pancreatic 

cancer that originates from acinar cells, which 

specialize in producing digestive enzymes such as 

trypsin, chymotrypsin, and lipase. This type of 

tumor represents about 1–2% of all pancreatic 

neoplasms and is more commonly seen in middle-

aged to older adults, with a slight preference for 

males. Unlike pancreatic ductal adenocarcinoma, 

acinar cell carcinoma often presents with fewer 

early symptoms, although it can sometimes cause 

a unique clinical condition known as lipase 

hypersecretion syndrome. This syndrome results 

from the overproduction of pancreatic enzymes, 

especially lipase, leading to symptoms such as 

subcutaneous fat necrosis, painful skin nodules, 

joint pain resembling arthritis, and elevated serum 

lipase levels. Although acinar cell carcinoma is 

generally viewed as less aggressive than 

pancreatic ductal adenocarcinoma, it can still 

exhibit local invasion and metastasis, often 

necessitating a combination of surgery and 

systemic therapy [20]. 

D. Pancreatoblastoma 

Pancreatoblastoma is an uncommon pancreatic 

tumor that mainly affects children, usually those 

under 10 years old. Histologically, it is marked by 

distinctive squamoid nests—clusters of epithelial 

cells showing squamous differentiation—encased 

by acinar or ductal structures. In contrast to the 

more common and aggressive pancreatic ductal 

adenocarcinoma (PDAC), pancreatoblastoma 

typically has a more favourable prognosis, 

particularly when identified early and treated with 

surgical removal, often combined with 

chemotherapy. Although rare, timely diagnosis is 

essential, as delays can result in local spread or 

distant metastasis [21]. 

E. Colloid Carcinoma 

Colloid carcinoma of the pancreas, also referred to 

as mucinous non-cystic carcinoma, is an 

uncommon pancreatic cancer subtype that usually 

develops from intraductal papillary mucinous 

neoplasms (IPMNs), especially those classified as 

the intestinal type. Histologically, colloid 

carcinoma is distinguished by abundant 

extracellular mucin that forms large mucin-filled 

spaces containing scattered clusters of cancerous 

epithelial cells. Unlike typical pancreatic ductal 

adenocarcinoma, colloid carcinoma usually 

exhibits a less invasive, more expansive growth 

pattern and is linked to a more favourable 

prognosis, with better survival outcomes when 

identified early and surgically treated [22]. 

F. Cystic Neoplasms 

Pancreatic cystic neoplasms are a category of 

tumors that are frequently precancerous or exhibit 

low-grade malignancy, with their likelihood of 

advancing to invasive cancer depending on their 

specific type and histological characteristics. 

Serous cystadenomas are generally benign tumors 

most commonly seen in older women. On 

imaging, they display a characteristic 

“honeycomb” or sponge-like pattern caused by 

many small cysts filled with clear, serous fluid. 

These tumors have a very low chance of becoming 

malignant and typically do not need surgical 

removal unless they cause symptoms related to 

their size or location.[23] 

2. Endocrine Tumors (PanNETs) 

They arise from the pancreatic islet cells and 

represent less than 5% of all pancreatic tumors. 

A. Functioning PanNETs 

Some pancreatic tumors are functional 

neuroendocrine neoplasms that release hormones, 
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causing specific clinical syndromes depending on 

the hormone secreted. 

Insulinomas are tumors that produce excessive 

insulin, leading to hypoglycaemic episodes 

marked by symptoms like sweating, confusion, 

weakness, and, in severe instances, loss of 

consciousness.[24] 

B. Non-functioning PanNETs 

Non-functioning pancreatic neuroendocrine 

tumors do not produce active hormones and 

therefore usually do not present with hormone-

related symptoms. As a result, they often remain 

symptom-free until they enlarge enough to cause 

symptoms from pressure on surrounding 

structures, such as abdominal pain, jaundice, or 

digestive problems. These tumors are often 

discovered incidentally during imaging tests 

conducted for other reasons or while investigating 

vague symptoms. Early detection is difficult, and 

diagnosis typically depends on imaging methods 

like CT scans, MRI, or endoscopic ultrasound 

[25]. 

Etiology and risk factors 

Non-Hereditary Genetic Alterations 

Pancreatic cancer (PC) develops due to the buildup 

of somatic genetic mutations, which include 

activating mutations in proto-oncogenes like 

KRAS and inactivating mutations in tumour 

suppressor genes such as CDKN2A/p16, 

TP53/p53, SMAD4, BRCA2, and several others. 

Additionally, changes affecting gene promoters, 

microRNA (miRNA) expression patterns, and 

chromatin structure have been observed in 

pancreatic cancer. Such changes may involve 

methylation-driven activation of oncogenes, as 

well as methylation-induced silencing of tumor 

suppressor genes and DNA repair genes. Many 

genes have been found to undergo 

hypermethylation in pancreatic cancer. Repeated 

somatic mutations have been detected in genes 

responsible for regulating the epigenome in PC, 

notably those involving the SWI/SNF complex 

and the histone-lysine N-methyltransferase 2 

(KMT2) family. Such DNA methylation changes 

can be present in pancreatic fluid, suggesting their 
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potential use as biomarkers for the early diagnosis 

of pancreatic cancer [26]. 

Modifiable risk factors 

a. Cigarette smoking. 

Smoking cigarettes is a widely recognized 

contributor to the development of pancreatic 

cancer [27,28]. A meta-analysis evaluating 

smoking as a risk factor for pancreatic cancer 

reported that current smokers have 1.74 times 

higher odds (95% CI 1.61–1.87) of developing the 

disease compared to individuals who have never 

smoked [29]. The likelihood of developing 

pancreatic cancer increases with the number of 

cigarettes smoked daily, with individuals 

consuming over 35 cigarettes per day having an 

odds ratio of 3.0 (95% CI 2.2–4.1) compared to 

non-smokers [30]. Stopping smoking significantly 

lowers the risk, with former smokers having an 

odds ratio of 1.2 (95% CI 1.11–1.29) for 

pancreatic cancer relative to those who have never 

smoked [31]. Notably, the longer a person has quit 

smoking, the more their risk declines, eventually 

reaching the same level as non-smokers within 10–

20 years of cessation [32,33]. While most studies 

in the meta-analysis were conducted in Europe, 

combined data from Japanese cohort studies 

showed consistent results [34]. Extensive research 

has not found a clear link between second-hand 

smoke exposure or parental smoking habits and 

pancreatic cancer risk among non-smokers 

[35,36]. Certain studies suggest that non-smokers 

who use other tobacco products, particularly 

cigars, may have a higher risk of pancreatic cancer 

[37]; however, other research has not confirmed 

this association [38,39].  

b. Diabetes mellitus. 

Diabetes mellitus can act as both a predisposing 

factor for pancreatic cancer and a result of the 

disease, with numerous newly diagnosed patients 

experiencing either the development of diabetes or 

a deterioration of their existing condition. Having 

diabetes for more than three years is linked to a 

1.5–2.4 times higher likelihood of developing 

pancreatic cancer [40,41]. While certain studies 

report no additional risk of pancreatic cancer in 

people living with diabetes for over 15–20 years 

[41,42], other research suggests that the increased 

risk persists even after 20 years of diabetes [43]. A 

significant number of pancreatic cancer patients 

experience new-onset diabetes in the months 

before diagnosis, and those who have the cancer 

surgically removed frequently see their diabetes 

improve or disappear afterward [44].  

c. Alcohol. 

While certain studies suggest that heavy alcohol 

consumption raises the risk of pancreatic cancer, 

others have found no statistically significant link. 

Data pooled from 5,585 cases and 11,827 controls 

in the PanC4 study showed a statistically 

significant 1.6-fold higher risk (95% CI 1.2–2.2) 

of pancreatic cancer among individuals consuming 

nine or more drinks daily, compared to those 

drinking less than one drink per day [45]. 

Combined data from North America, Australia, 

and Europe reported a 1.22 times greater risk (95% 

CI 1.03–1.45) of pancreatic cancer in people 

consuming more than 30 g of alcohol daily, 

compared to non-drinkers, with no notable 

difference between men and women [46]. The 

NIH-AARP Diet and Health study, involving over 

430,000 participants (1,149 diagnosed with 

pancreatic cancer), found a 1.45-fold increased 

risk (95% CI 1.17–1.80) among those who 

consumed over three drinks daily [47]. A separate 

analysis from the American Cancer Society 

Cancer Prevention Study II, focusing on non-

smokers, revealed a 1.32-fold higher risk (95% CI 

1.10–1.57) of pancreatic cancer among people 
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drinking three or more liquor drinks daily versus 

non-drinkers [48].  

d. Pancreatitis  

Similar to diabetes, pancreatitis increases the risk 

of pancreatic cancer since the inflammation and 

tissue damage it causes can contribute to cancer 

formation; however, pancreatitis itself may also 

arise due to an existing pancreatic cancer [49]. 

Data from the PanC4 consortium revealed that 6% 

of pancreatic cancer patients had a prior history of 

pancreatitis, compared to 1% of healthy controls 

[50]. When considering the time since pancreatitis 

diagnosis, individuals diagnosed within the past 

two years had a 2.71-fold increased risk of 

developing pancreatic cancer (95% CI 1.96–3.74) 

[50]. A large Danish population-based case–

control study reported similar findings regarding 

the link between pancreatitis and pancreatic 

cancer. Unlike PanC4, this Danish study used 

hospital-based diagnoses, comparing 41,669 

patients with newly diagnosed acute pancreatitis to 

208,340 individuals without the condition. Within 

two years of an acute pancreatitis diagnosis, the 

relative hazard of pancreatic cancer was found to 

be 19.28 times higher (95% CI 14.62–25.41) 

compared to people without pancreatitis.  

e. Obesity 

Obesity is closely linked to eating patterns, leading 

to excess fat storage in adipose tissue as a result of 

consuming more calories than needed. The 

buildup of fat in the abdominal region is 

particularly significant as a risk factor for 

pancreatic cancer (PC). Findings from an 

American Cancer Society (ACR) study indicated 

that obese men and women had twice the risk of 

pancreatic cancer compared to those with a healthy 

BMI [51]. A European population cohort study 

(EPIC) found that weight gain leading to higher 

BMI was associated with an increased risk of 

several cancers, including pancreatic cancer in 

men. A meta-analysis of multiple cohort studies 

showed that every 5 kg/m² rise in BMI was linked 

to a 12% higher risk of pancreatic cancer [53].  

Non-modifiable risk factors 

Risk factors that are not modifiable include 

gender, age, ethnicity, family history of pancreatic 

cancer, genetic factors, chronic infections, blood 

group. 

a. Gender 

The occurrence of pancreatic cancer is higher in 

men compared to women. Worldwide, the 

incidence rate of pancreatic cancer is 5.5 cases per 

100,000 men and 4.0 cases per 100,000 women 

[54]. The higher prevalence of pancreatic cancer in 

men may be linked to environmental and 

workplace exposures, along with lifestyle habits 

like heavy smoking and high alcohol consumption. 

However, there may also be unknown genetic 

factors that affect cancer incidence and mortality 

differently between men and women. 

b. Age 

According to the SEER Cancer Statistics review, 

pancreatic cancer primarily affects older 

individuals, with most patients being over 50 years 

old [55]. The likelihood of developing pancreatic 

cancer rises with advancing age, reaching its 

highest incidence between 60 and 80 years 

[56,57]. Cases of pancreatic cancer are uncommon 

before age 40, and the average age at diagnosis for 

over 50% of pancreatic adenocarcinoma patients is 

71 years. The exact cause of this late onset of 

pancreatic cancer remains unclear. One possible 

explanation is that after a pancreatic lesion or 

inflammation develops, it might take many years 

to progress into a malignant tumor. Nonetheless, 
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additional research is required to better understand 

this phenomenon 

c. Ethnicity 

Numerous studies have reported notable variations 

in pancreatic cancer incidence among different 

racial groups [58,59]. The rate of pancreatic cancer 

is higher among African-Americans compared to 

Caucasians, whereas Asian-Americans and Pacific 

Islanders have the lowest incidence [60]. Overall, 

Black individuals face a significantly greater risk 

of developing pancreatic cancer than people from 

other racial backgrounds [61]. These racial 

disparities in pancreatic cancer rates may partly be 

explained by modifiable risk factors, including 

poor diet, alcohol consumption, smoking, and 

vitamin D deficiency. However, certain 

population-based studies suggest that these 

differences cannot be fully accounted for by the 

currently known or suspected risk factors.  

d. Family history 

Approximately 5–10% of pancreatic cancer 

patients report having a family history of the 

disease [62,63]. Most research defines familial 

pancreatic cancer as cases occurring in families 

where at least two first-degree relatives (such as a 

parent, sibling, or child) are diagnosed with the 

disease. Studies tracking affected families indicate 

that first-degree relatives of those with familial 

pancreatic cancer face a nine times greater risk of 

developing the disease compared to the general 

population [64]. The risk doubles when two first-

degree relatives are affected [65] and escalates to 

a 32-fold increase in families with three or more 

first-degree relatives diagnosed with pancreatic 

cancer [66]. Research suggests that families with 

early-onset cases of pancreatic cancer (diagnosed 

before age 50) have the highest risk levels, 

compared to families without such early-onset 

cases [67]. Individuals with familial pancreatic 

cancer tend to have a greater number of 

precancerous pancreatic lesions than patients with 

sporadic cases [63], and they also face a higher risk 

of developing cancers in other organs [68]. 

e. ABO blood group 

ABO antigens are present not only on red blood 

cell membranes but also on the surfaces of various 

normal and abnormal cells and tissues. Since the 

initial clinical observations over six decades ago, 

researchers have extensively studied the link 

between ABO blood type and cancer, and it is now 

well established that ABO antigens influence the 

risk of several cancers, including pancreatic cancer 

[86]. Research conducted in the UK [69] and 

across six countries [70] found that individuals 

with blood group A have a higher likelihood of 

developing pancreatic cancer. Research conducted 

in the UK [69] and across six countries [70] found 

that individuals with blood group A have a higher 

likelihood of developing pancreatic cancer. 

Research conducted in the UK [69] and across six 

countries [88] found that individuals with blood 

group A have a higher likelihood of developing 

pancreatic cancer. An Italian study [71] reported a 

higher pancreatic cancer risk in people with blood 

type B, while a US cohort study [72] revealed that 

individuals with blood types A, B, or AB had a 

greater risk compared to those with blood type O. 

The “Panscan I” genome-wide association study 

[73] identified a link between non-O blood types 

and pancreatic cancer, which was later confirmed 

by Rizzato et al [74].  

Hereditary risk factors 

Li Fraumeni syndrome: 

Li-Fraumeni syndrome (LFS) is a genetic disorder 

that significantly increases the risk of various 

cancers, many of which develop at an early age. 

The five most common cancers linked to LFS are 
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adrenocortical carcinoma, breast cancer, tumours 

of the central nervous system, osteosarcoma, and 

soft-tissue sarcoma [75]. LFS is also linked to 

several other cancers, such as leukaemia, 

colorectal, stomach, lung, melanoma, paediatric 

head and neck cancers, pancreatic cancer, and 

prostate cancer. Individuals who survive one 

cancer associated with LFS are at a heightened risk 

of developing new primary cancers or secondary 

cancers caused by prior treatments. People with 

classic LFS have a lifetime cancer risk of about 

90% for women and 70% for men, with half of 

these cancers appearing before the age of 40. 

Pathophysiology 

Pancreatic ductal adenocarcinoma (PDAC) is 

among the deadliest solid tumours in humans, 

characterized histologically by a distinct and 

highly active tumor microenvironment (TME) that 

changes dynamically as the cancer progresses 

[76]. 

↓ 

The TME is made up of various non-cancerous 

cells, including cancer-associated fibroblasts, 

immune cells, endothelial cells, and nerve cells. 

↓ 

In addition, the TME is rich in extracellular matrix 

elements like collagen, hyaluronic acid, and 

matricellular proteins, which together form a 

constantly changing, low-blood-supply 

environment where cellular and non-cellular 

components interact, fostering tumor growth and 

resistance to treatment. 

↓ 

Recent extensive research has greatly advanced 

knowledge about the biology and mechanisms of 

the TME in PDAC, leading to the development of 

new stroma-targeted therapeutic strategies that 

could potentially improve the currently poor 

survival rates of PDAC patients. 

↓ 

Despite promising findings in laboratory studies, 

no anti-stromal therapies have yet been approved 

for clinical use, as there remains a significant gap 

between preclinical success and clinical trial 

failures. 

↓ 

Moreover, new evidence indicates that some 

components of the TME may actually inhibit 

tumor growth, making the development of precise, 

effective therapies even more complex.[77] 

 

Clinical features:  

Symptoms: 

Central abdominal pain: Pain is common symptom 

and is usually incessant and gnawing, epigastric, 

radiate from the upper abdomen to the back, 

increasing on lying down and relieved by sitting 

up or bending forwards. Weight loss, obstructive 
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jaundice and steatorrhea are often found. The pain 

results invasion of the celiac plexus.[78] 

Others: Loss of weight and cachesia. Symptoms 

depend upon the site of the tumor. 

Carcinoma of the head of pancreas: They present 

early because of the obstruction to the common 

bile duct by the tumor produces obstructive 

jaundice (due to obstruction of bile flow), often 

with severe pruritus (secondary cholestasis). Other 

symptoms include clay-colored stools with or 

without melena or silver stools. Obstruction of the 

pancreatic duct may cause episodes of pancreatitis. 

Carcinoma of the body and tail of the pancreas: 

May be silent till quite large and widely 

disseminated. [79] 

Physical Signs: 

General:  

Pallor, jaundice and weight loss may be present. 

Scratch marks and erythema ab igne is seen. 

Abdominal mass: A mass may be felt in the 

epigastrium; the liver may be enlarged 

(hepatomegaly) due to biliary obstruction or 

secondary involvement (hepatic metastasis). [81] 

Courvoisier's law: A distended non-tender 

gallbladder may be palpable in a jaundiced patient 

due toistal biliary obstruction by a pancreatic 

cancer. 

Due to spread of tumors with peritoneal 

involvement and ascites, shifting dullness and 

fluid thrill can be elicited. On per rectalumination 

nodules (Blumer's shelf) or peritoneal fluid may be 

felt. [80] 

Involvement of the left supraclavicular node 

(Virchow's node) and umbilicus (Sister Mary 

Joseph's node) indicates advanced carcinoma 

Other presenting physical signs: Migratory 

thrombophlebitis recurrent venous thrombosis 

(Trousseau sign), diabetes polyarthritis, 

paraneoplastic syndromes (Cushing syndrome), 

skin nodules (secondary to localized fat necrosis 

and associated inflammation) and hypercalcemia 

may be seen in some cases. [82] 

Diagnosis 

Patients with pancreatic cancer often exhibit vague 

symptoms like abdominal pain and weight loss, 

which can lead to delays in diagnosis. However, 

even when the disease is identified shortly after 

symptoms appear, most cases are already at an 

advanced stage [83]. In recent years, 

advancements in diagnostic imaging methods—

such as multi-detector-row computed tomography 

(MDCT), magnetic resonance imaging (MRI), and 

endoscopic ultrasound (EUS)—have improved the 

detection of pancreatic cancer, although certain 

limitations still persist. 

Laboratory tests 

In 1979, Koprowski identified a monoclonal 

antibody derived from colorectal carcinoma cells 

that targets antigenic sites on a sialylated Lewis A 

blood group oligosaccharide. He later named this 

antibody serum carbohydrate antigen 19-9 (CA19-

9) [84,85]. Research on the clinical usefulness of 

CA19-9 for diagnosing pancreatic cancer has 

involved small-scale studies, making meta-

analyses essential to obtain significant and reliable 

findings [86]. Several tumor markers have been 

investigated in relation to pancreatic cancer, such 

as carbohydrate antigen 19-9 (CA19-9), CA242, 

and carcinoembryonic antigen (CEA) [87]. 

Blood Tests 

PACC-MANN Test 
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Pancreatic ductal adenocarcinoma (PDAC) is 

among the most lethal cancers globally, mainly 

because it is typically diagnosed at a late stage and 

progresses rapidly. The five-year survival rate for 

PDAC is under 10%, as the majority of patients are 

identified when the disease is already advanced or 

has metastasized. Detecting pancreatic cancer at 

an early stage has been a major clinical hurdle, as 

the disease usually presents no symptoms in its 

initial phases, and current imaging methods often 

miss small or early-stage tumors. In this regard, the 

PAC-MANN test (Pancreatic Adenocarcinoma 

Multiplexed Analysis of Neoantigens and Nucleic 

acids) marks a significant breakthrough in non-

invasive cancer detection. 

The PAC-MANN test is a liquid biopsy performed 

on blood samples that integrates various molecular 

techniques to detect pancreatic cancer-related 

markers in circulating cell-free DNA (cfDNA). 

Unlike traditional single-analyte methods, PAC-

MANN employs a multimodal approach. The test 

simultaneously examines circulating tumor DNA 

(ctDNA) for genetic mutations, especially in key 

oncogenes and tumor suppressors like KRAS, 

TP53, and SMAD4. It also analyses abnormal 

methylation patterns that signal malignant changes 

and studies cfDNA fragmentomics—the size, 

structure, and distribution of DNA fragments 

released by tumor cells. This comprehensive, 

multi-parameter approach offers significantly 

greater sensitivity and specificity than 

conventional biomarker tests [88]. 

Imaging Techniques 

Recently, advances in diagnostic imaging 

methods—including multi-detector-row computed 

tomography (MDCT), magnetic resonance 

imaging (MRI), and endoscopic ultrasound 

(EUS)—have enhanced the detection of pancreatic 

carcinoma, though certain inherent limitations 

remain [89]. Detecting cancer early is essential for 

identifying small tumors and enabling curative 

surgical treatment [90]. 

CT 

CT is the most commonly used imaging method 

for detecting and staging pancreatic carcinoma. 

This cancer is marked by a dense fibrous stroma 

and low blood supply, which causes the tumor to 

show less enhancement than the surrounding 

pancreatic tissue during the early phase of 

dynamic CT, with gradual enhancement observed 

in the delayed phase [91]. They reported that the 

average contrast between the tumor and pancreas 

during the pancreatic phase (40–70 seconds after 

intravenous contrast injection at 3 ml/s) was 

significantly higher than during the hepatic phases 

(70–100 seconds after injection) by using two-

phase helical CT scans performed in both phases. 

This approach has enhanced the detection of 

pancreatic adenocarcinoma, which typically 

shows less enhancement than the surrounding 

tissue in pancreatic phase images [92]. 

MRI 

Advancements in technology and technique have 

enhanced MRI’s capability to diagnose pancreatic 

carcinoma. MRI provides several advantages for 

pancreatic imaging, including superior soft tissue 

contrast compared to CT. In a comparison of MR 

images enhanced with gadolinium versus 

mangafodipir trisodium in patients suspected of 

having pancreatic tumors, gradient-recalled echo 

images enhanced with mangafodipir trisodium 

were notably better at outlining pancreatic tumors 

than those enhanced with gadolinium chelates 

[93]. 

EUS 

EUS provides excellent views of the pancreas 

from the duodenum or stomach and generates 
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high-resolution images. It is regarded as one of the 

most precise techniques for detecting focal 

pancreatic lesions, particularly in patients with 

small tumors measuring 3 cm or less [94,95]. EUS 

uniquely allows for tissue sampling through EUS-

guided fine-needle aspiration (FNA). Since its 

introduction in the early 1990s, EUS-FNA has 

become a safe and reliable imaging method for 

obtaining tissue diagnoses in patients with 

pancreaticobiliary conditions, especially those 

diagnosed with pancreatic cancer [96]. 

Biopsy 

Many leading surgeons hold the view that a 

pancreatic biopsy should always be performed 

before proceeding with major surgical 

interventions [97]. Some surgeons argue that 

pancreatic biopsy does not provide sufficient 

information to justify the risks associated with 

obtaining the specimen [98]. Pancreatic cancer 

(PC) is typically diagnosed through biochemical 

tests, imaging studies, and tissue biopsy. However, 

biochemical tests have low specificity; for 

example, carbohydrate antigen 19-9 (CA19-9) is 

the most commonly used biochemical marker for 

detecting PC, but its diagnostic accuracy is 

limited, with an area under the curve (AUC) of 

only 0.7 when distinguishing patients with PC 

from healthy individuals [99]. 

CTCs and ctDNA 

CTCs are cancer cells originating from solid 

tumors that enter the peripheral bloodstream. They 

are released as a result of tumor-induced 

angiogenesis and travel through normal blood 

vessels and capillaries [100]. Thus, the presence of 

CTCs typically indicates invasion and metastasis 

of the primary tumor. CTCs hold significant 

prognostic importance for pancreatic cancer 

patients. However, many researchers question 

their diagnostic value because of their limited and 

inconsistent sensitivity, which ranges from 25% to 

100%, depending on the stage of pancreatic cancer 

at diagnosis [101,102]. Furthermore, CTCs have 

proven to be an effective biomarker for 

distinguishing between local/regional and 

metastatic disease, with an area under the curve 

(AUC) of 0.885 (95% CI: 0.80–0.969, P < 0.001) 

when the threshold was set at ≥3 CTCs per 4 mL 

of venous blood [103]. 

Circulating exosomes 

Exosomes are extracellular vesicles (EVs) 

enclosed by a lipid bilayer, measuring about 30–

150 nm in size. They consist of a lipid membrane 

embedded with various proteins and carry a range 

of nucleic acids, proteins, and lipids inside [104]. 

Exosomes are released by all cell types, including 

tumor cells, and circulate in the bloodstream. 

Recently, a growing number of studies have 

emphasized the potential of extracellular vesicles 

(EVs) or circulating exosomes (crExos) as 

diagnostic tools for early pancreatic cancer 

detection. Using multiple plasmonic assays to 

analyze tumor-derived EVs [105], one study 

identified a protein marker profile—including 

EGFR, EpCAM, MUC-1, GPC-1, and WNT2—

that achieved an accuracy of 84%, with 86% 

sensitivity and 81% specificity for detecting 

PDAC. Among these markers, GPC-1, a cell 

surface proteoglycan, demonstrated the best 

diagnostic performance, highlighting its potential 

for pancreatic cancer detection. Another study 

employing mass spectrometry found that GPC-1 

was specifically enriched on exosomes derived 

from cancer cells. They reported that circulating 

exosomes from all pancreatic cancer patients had 

significantly higher GPC-1 levels compared to 

healthy controls, with both sensitivity and 

specificity reaching 100%. 

Staging 
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Pancreatic cancer is staged according to the TNM 

system and the AJCC (American Joint Committee 

on Cancer) classification. The primary purpose of 

staging pancreatic adenocarcinoma is to guide the 

selection of the most suitable treatment for the 

patient. 

A recent study compared EUS, MDR-CT, MRI, 

and angiography in evaluating pancreatic cancer 

staging and respectability. The results showed that 

MDR-CT had the highest accuracy for 

determining the extent of the primary tumor 

(73%), locoregional spread (74%), vascular 

invasion (83%), distant metastases (88%), tumor 

TNM stage (46%), and tumor respectability 

(83%). In contrast, EUS was most accurate in 

measuring tumor size (r≈0.85) and assessing 

lymph node involvement (65%). EUS remains the 

preferred method for diagnosing small tumors that 

are not detectable by CT [106]. 

TREATMENT APPROACHES: 

Surgical interventions: 

Pancreatic adenocarcinoma continues to be one of 

the most difficult cancers to treat, with limited 

treatment options and a poor prognosis, primarily 

because it is typically detected at an advanced 

stage. [107] This is partly due to the fact that early-

stage pancreatic cancer usually causes no 

symptoms or only vague, nonspecific ones, 

making early diagnosis particularly difficult. [108] 

Surgical intervention is considered the most 

effective and the only potentially curative 

treatment for pancreatic cancer. However, due to 

the stage at diagnosis, only about 20% of patients 

are eligible for surgery.[109] Among those who 

undergo resection, up to 80% eventually 

experience a recurrence. Compared to other solid 

tumors that are surgically removed, pancreatic 

cancer has the worst outcomes. Patients who have 

had surgery are typically selected for adjuvant 

treatment, either with chemotherapy alone or 

combined with radiation. Despite this, the median 

survival following surgery and adjuvant therapy is 

approximately 2 years, [110] and only about 20% 

of patients survive beyond 5 years.  [111] 

Pancreaticoduodenectomy (Whipple 

Procedure): 

The standard Whipple procedure, also known as 

pancreaticoduodenectomy, involves the surgical 

removal of the pancreatic head, along with the 

duodenum, gallbladder, common bile duct, and 

part of the stomach. This is followed by 

reconstructing the digestive tract through a series 

of anastomoses. It is the primary surgical approach 

used for treating tumors located in the head of the 

pancreas. [112] 

A modified version of the procedure, called 

pylorus-preserving pancreaticoduodenectomy 

(PPPD), retains the pylorus of the stomach to help 

minimize symptoms associated with stomach 

removal. Research indicates that PPPD provides 

comparable survival outcomes to the traditional 

Whipple procedure, while also resulting in 

reduced blood loss and a shorter duration of 

surgery. [113] 

Distal pancreatectomy: 

For intraductal papillary mucinous neoplasms 

(IPMNs) situated in the pancreatic body or tail that 

require removal, distal pancreatectomy is the 

preferred surgical approach. When the condition is 

malignant, such as in pancreatic cancer, the 

procedure is typically performed alongside 

splenectomy to achieve complete removal and 

address possible lymph node metastases. [114] 

Distal pancreatectomy is the preferred surgical 

treatment for both benign and malignant 
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conditions affecting the pancreatic body and tail. 

Traditionally, this operation has been performed 

together with splenectomy. However, in the past 

decade, combining splenectomy with other major 

upper abdominal organ resections has been linked 

to higher postoperative morbidity—particularly an 

increased risk of infections. As a result, spleen 

preservation is now regarded as the standard 

approach whenever feasible in patients undergoing 

gastric or colorectal surgery. [115],[116],[117] 

Total pancreatectomy: 

Total pancreatectomy (TP) was originally 

introduced with two main objectives. First, 

surgeons believed that removing the entire 

pancreas could lower postoperative morbidity and 

mortality, based on the idea that complications 

often stemmed from pancreatic juice leaking from 

the remaining gland. Second, because recurrence 

rates after partial pancreatectomy were high, TP 

was viewed as a more radical option for managing 

pancreatic cancers. However, outcomes proved 

disappointing — cancer prognosis did not 

improve, and postoperative morbidity and 

mortality remained largely unchanged. While the 

procedure eliminated the risk of pancreatic fistula, 

it introduced new challenges, such as brittle, hard-

to-control insulin-dependent diabetes and severe 

malabsorption from the loss of exocrine function. 

As a result, TP fell out of favor and was nearly 

abandoned. [118] 

Venous resection (portal vein / superior 

mesenteric vein) 

Although pancreatectomy combined with vascular 

resection and reconstruction is now an established 

approach for treating locally advanced pancreatic 

adenocarcinoma, this strategy is not yet widely 

accepted for locally advanced pancreatic 

neuroendocrine neoplasms (panNENs). [119] 

Arterial resection (SMA, celiac axis, common 

hepatic artery) 

Arterial invasion continues to represent one of the 

most challenging scenarios in the management of 

pancreatic cancer. [120] 

Management of arterial involvement in pancreatic 

cancer primarily relies on two surgical strategies: 

peri-adventitial dissection (also known as arterial 

divestment) and arterial resection. Peri-adventitial 

dissection involves fully skeletonizing the artery 

by removing, and if necessary, resecting, the 

lymphoneural sheath surrounding the adventitia. 

This approach is endorsed as a standard technique 

in pancreatic surgery, even for earlier disease 

stages, by the American College of Surgeons [121] 

and it can eliminate the need for arterial resection 

in up to 49% of patients who appear to have 

arterial involvement on imaging. [122] 

Chemotherapy: 

Following surgical resection, adjuvant 

chemotherapy with either gemcitabine or 5-

fluorouracil may be administered to patients who 

are in adequate physical condition, typically after 

a recovery interval of one to two months. [123] 

First-Line Chemotherapy for Metastatic PDAC: 

Modified FOLFIRINOX 

FOLFIRINOX is a combination chemotherapy 

regimen used in the treatment of advanced 

pancreatic cancer. It consists of four agents: 

• FOL – folinic acid (leucovorin), a vitamin B 

derivative that boosts the activity of 5-

fluorouracil (5-FU). 

• F – fluorouracil (5-FU), a pyrimidine analog 

and antimetabolite that incorporates into DNA 

and disrupts its synthesis. 
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• IRIN – irinotecan (Camptosar), a 

topoisomerase inhibitor that blocks DNA 

uncoiling and replication. 

• OX – oxaliplatin (Eloxatin), a platinum-based 

chemotherapeutic that impairs DNA repair 

and/or synthesis. [124] 

FOLFIRINOX is a potent but potentially highly 

toxic chemotherapy combination, associated with 

significant side effects, and is therefore 

recommended only for patients with good 

performance status. [125] 

FOLFIRINOX is employed as a neoadjuvant 

treatment to shrink tumors in patients with 

“borderline” or locally advanced disease, with the 

aim of making surgical removal possible. [126] 

Gemcitabine plus nab-Paclitaxel (AG) 

Gemcitabine received approval from the United 

States Food and Drug Administration (FDA) in 

1997, following a clinical trial that demonstrated 

both enhanced quality of life and an approximate 

five-week increase. [127] 

For roughly ten years, gemcitabine monotherapy 

remained the standard treatment, as multiple trials 

combining it with other agents did not show 

meaningful improvement in outcomes. However, 

pairing gemcitabine with erlotinib was found to 

provide a modest survival benefit, leading to FDA 

approval of erlotinib for pancreatic cancer in 2005. 

[128] 

The four-drug FOLFIRINOX regimen has been 

shown to be more effective than gemcitabine, but 

its considerable side effects limit its use to patients 

with good performance status. The same applies to 

protein-bound paclitaxel (nab-paclitaxel), which 

received FDA approval in 2013 for combination 

use with gemcitabine in pancreatic cancer 

treatment. [129] 

By late 2013, both FOLFIRINOX alone and the 

combination of gemcitabine with nab-paclitaxel 

were considered effective options for patients able 

to withstand their side effects, while gemcitabine 

monotherapy remained suitable for those who 

could not. Treatment modifications during this 

time extended survival by only a few months. 

[130] 

Modified FOLFIRINOX (PRODIGE-

24/ACCORD-24 Trial) 

As a first-line treatment for metastatic pancreatic 

cancer, the combination of fluorouracil, 

leucovorin, irinotecan, and oxaliplatin 

(FOLFIRINOX) has been shown to produce 

longer overall survival compared to gemcitabine. 

[131] 

A modified FOLFIRINOX regimen, omitting the 

bolus dose of fluorouracil, has been implemented 

to reduce the frequency and severity of 

hematologic toxicity and diarrhoea, and evidence 

indicates that this adjustment does not compromise 

treatment effectiveness in patients with advanced 

disease. [132] 

Prognosis: Overview of Pancreatic Cancer 

An analysis of 393 patients enrolled in the 

Gastrointestinal Tumor Study Group (GITSG) 

trials for pancreatic cancer revealed critical 

insights into survival outcomes and clinical 

characteristics based on disease stage. Patients 

were divided into three categories: 

• Group I (21 patients) had tumors considered 

operable with potential for curative surgery. 

Tumor size was smallest here (median area 9 

cm²), with 90% located in the pancreatic head. 

Painless jaundice appeared in over half of 

these cases. 
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• Group II (182 patients) included individuals 

with non-metastatic but surgically 

unresectable tumors under 400 cm². These 

tumors, also mainly in the head of the 

pancreas (83%), had a median size of 36 cm². 

Pain was present in 80% and jaundice in 62% 

of cases. 

• Group III (190 patients) had advanced, 

metastatic disease. Tumors in this group were 

more frequently located in the body and tail of 

the pancreas, showing increased size and 

spread compared to earlier stages. 

Key prognostic indicators in Pancreatic Cancer 

1. Overall, 5-Year Survival 

Pancreatic cancer remains among the most 

challenging cancers to treat, with an overall 5-year 

survival rate of just 11.5%. This low figure reflects 

both the aggressive nature of the disease and the 

difficulty in detecting it early. 

• Improvements in survival over the years—

from roughly 6% in the early 2000s to current 

levels—are largely credited to better surgical 

techniques, advanced chemotherapy, and 

enhanced supportive care. 

• The majority of cases (over 90%) involve 

pancreatic ductal adenocarcinoma (PDAC), 

the most common subtype. [133] 

2. Early-Stage Resectable Tumors 

Patients diagnosed at Stage I, where tumors are 

still confined to the pancreas and resectable, have 

a much better prognosis. Surgery followed by 

adjuvant chemotherapy (particularly 

FOLFIRINOX) significantly improves outcomes. 

• FOLFIRINOX shows greater efficacy than 

gemcitabine in extending disease-free 

survival (21.6 vs. 12.8 months). 

• Achieving a complete (R0) resection is the 

most crucial factor for long-term survival. 

[134] 

3. Locally Advanced (Unresectable) Tumors 

In Stage III cases, the tumor typically involves 

major nearby blood vessels (such as the SMA or 

SMV), making immediate surgery unviable. 

Treatment focuses on systemic therapy, with the 

potential for downstaging the tumor to make 

surgery possible. 

• Chemotherapy regimens like FOLFIRINOX 

or gemcitabine + nab-paclitaxel can convert 

tumours to resectable status in about 20% of 

patients. 

• 5-year survival remains limited at 12–15%, 

even with aggressive treatment. [135] 

4. Metastatic Pancreatic Cancer 

Once cancer spreads to distant sites like the liver, 

lungs, or peritoneum (Stage IV), the prognosis is 

especially grim. Chemotherapy remains the 

mainstay, aiming to prolong life and control 

symptoms. 

• The FOLFIRINOX regimen has been shown 

to increase median overall survival to around 

11.1 months, compared to 6.8 months with 

gemcitabine. 

• The 5-year survival rate in metastatic cases is 

only about 3%. [136] 

5. Eligibility for Surgical Treatment 

Only 15–20% of patients are candidates for 

surgery at diagnosis. This is mainly due to: 
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• Non-specific symptoms (like abdominal 

discomfort or fatigue) delaying diagnosis. 

• Absence of effective screening tests for early 

detection. 

Eligibility is assessed based on tumour size, 

vascular involvement, and absence of metastases. 

[137] 

6. Post-Surgery Recurrence 

Even in patients who undergo complete (R0) 

resection, the risk of recurrence remains high. 

Approximately 70–80% of individuals experience 

a relapse within two years, with the liver being the 

most common site. 

• Adjuvant chemotherapy and routine imaging 

are critical for early detection of recurrence. 

(138,139] 

7. FOLFIRINOX Regimen in Metastatic 

Cases 

FOLFIRINOX has proven to be one of the most 

effective regimens for advanced pancreatic cancer, 

both in adjuvant and metastatic cases. 

• It extends median survival to 11–18 months, 

depending on patient health and tumor 

response. 

• However, it’s more toxic and usually reserved 

for patients under 75 years old with ECOG 

performance status 0–1. [140] 

8. Gemcitabine Monotherapy 

Gemcitabine is often used in patients who are not 

fit for more aggressive regimens due to age or 

comorbidities. 

• Offers a median survival of about 5.6 months. 

• Lower toxicity makes it a preferred option for 

palliative care in frail patients. [141] 

9. Targeted Treatments and PARP Inhibitors 

About 5–7% of pancreatic cancer patients carry 

germline BRCA1 or BRCA2 mutations, making 

them potential candidates for PARP inhibitors like 

Olaparib. 

• The POLO trial showed that maintenance 

Olaparib after platinum-based chemo 

significantly extended progression-free 

survival (7.4 vs. 3.8 months). 

• This represents a shift toward precision 

oncology in PDAC. [142] 

Survival Rate 

Pancreatic Cancer: Survival Overview and 

Prognostic Insight 

Pancreatic cancer continues to be one of the most 

lethal forms of cancer globally. Its mortality-to-

incidence ratio stands at a staggering 98%, making 

it the deadliest among common cancers. The 

global five-year survival rate averages around 6%, 

though estimates range between 2% and 9%, 

depending on the quality and completeness of data 

across countries. Interestingly, unlike many other 

cancer types, there is minimal difference in 

pancreatic cancer survival rates between 

developed and developing nations. [143] 

Numerous factors influence survival outcomes in 

pancreatic cancer patients. These include the 

cancer subtype, stage at diagnosis, tumour size, 

serum albumin levels, and the type of treatment 

received. Additional influences involve healthcare 

system capacity, the patient’s age, general health, 

sex, and lifestyle habits, as well as the accuracy of 

cancer registries and follow-up systems. [144] 
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Stage-Specific 5-Year Survival Rates 

1. Stage I (localized disease)  

At this earliest stage, pancreatic cancer is confined 

solely to the pancreas without any spread to nearby 

tissues or lymph nodes. Most tumours in Stage I 

are potentially resectable, meaning they can be 

removed surgically with curative intent. This stage 

offers the best prognosis due to the possibility of 

complete surgical resection, often followed by 

adjuvant chemotherapy (e.g., gemcitabine or 

FOLFIRINOX) to reduce recurrence risk. 

• Key point: Survival outcomes are 

significantly higher (up to 44%) because of 

the lack of metastasis and potential for 

curative surgery. [145] 

2. Stage II (locally advanced, potentially 

resectable) 

In Stage II, cancer may have spread to nearby 

lymph nodes or adjacent tissues (e.g., duodenum, 

bile duct) but remains potentially resectable in 

some patients. This stage often requires 

multimodal treatment, which includes surgery, 

chemotherapy, and in select cases, radiation 

therapy. 

• Complexity: Surgical success becomes more 

variable due to the involvement of regional 

structures, increasing the risk of incomplete 

resection (R1 margin). 

• Treatment: Neoadjuvant chemotherapy is 

increasingly used to downstage tumors and 

assess operability. 

• Survival range: 5-year survival varies 

between 15% and 20%. [146] 

3. Stage III (unresectable disease) 

Stage III pancreatic cancer is typically 

unresectable due to tumor involvement of major 

blood vessels (e.g., superior mesenteric artery or 

portal vein). Although the disease has not 

metastasized to distant organs, its local 

advancement precludes curative surgery. 

• Therapy focus: Palliative intent with 

chemotherapy (e.g., FOLFIRINOX, 

gemcitabine + nab-paclitaxel) and possible 

chemoradiation to control local disease and 

symptoms. 

• Outcome: The 5-year survival rate is 

significantly lower, around 12%, and mostly 

limited to exceptional responders.  

4. Stage IV (Metastatic Cancer) 

At this most advanced stage, cancer has spread to 

distant organs such as the liver, lungs, or 

peritoneum. Curative options are no longer viable, 

and management is aimed at prolonging survival 

and improving quality of life through systemic 

therapies. 

• Median survival: 6–11 months, even with 

treatment. 

• Treatment: First-line chemotherapy (e.g., 

FOLFIRINOX or gemcitabine + nab-

paclitaxel), supportive/palliative care, and 

potential clinical trial participation. 

• Survival rate: 5-year survival is around 3%, 

reflecting the highly aggressive nature of 

metastatic pancreatic cancer. [147] 

Overall Survival across all stages 

The average 5-year survival rate for pancreatic 

cancer, when accounting for all stages and patient 

demographics, is around 11.5% as of 2024. This 

figure highlights the aggressive nature of the 
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disease, often diagnosed late due to non-specific 

early symptoms like jaundice, weight loss, or 

abdominal pain. 

• Challenges: Lack of early detection tools, 

resistance to chemotherapy, and late 

presentation. 

• Progress: While survival rates have improved 

modestly (from 6% in the early 2000s), the 

prognosis remains poor compared to other 

cancers. [148] 

Recent Advances in Pancreatic Cancer 

Research (2025) 

Pancreatic ductal adenocarcinoma (PDAC) 

remains among the most treatment-resistant 

cancers, but 2025 has brought meaningful progress 

in targeting its molecular drivers, improving early 

detection, and developing novel therapeutic 

approaches. Below is a concise summary of major 

breakthroughs: 

1) KRAS-targeted therapies 

KRAS mutations are present in approximately 90–

95% of PDAC cases, particularly the G12D 

variant, making it a key therapeutic target. 

RMC-6236 

• This pan-RAS inhibitor has shown promising 

activity in a Phase 1 trial (NCT05379985), 

with a median overall survival (OS) of 14.5 

months and progression-free survival (PFS) of 

around 8.5 months in previously treated 

PDAC. 

• A Phase 3 trial (RASolute 302) began in late 

2024, enrolling over 450 patients to evaluate 

RMC-6236 monotherapy against standard 

second-line regimens. 

• Preclinical data supports combining RMC-

6236 with chemotherapy or immune 

checkpoint inhibitors to enhance tumor 

suppression. 

RMC-9805 (Zoldonrasib) 

• A G12D-selective inhibitor, currently in 

Phase 1/1b trials, demonstrated a 30% 

objective response rate and 80% disease 

control in KRAS G12D-mutant tumors. [149] 

Emerging KRAS inhibitors 
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• Other early-stage candidates include 

MRTX1133, ASP3082, HRS-4642, and 

ERAS-4, with promising preclinical results. 

• Studies suggest that combining KRAS 

blockade with immunotherapy extends 

disease control, reinforcing a multimodal 

treatment paradigm. [150] 

2) Immunotherapy and Vaccine based 

approaches 

KRAS inhibitor with immunotherapy 

• Research from the University of Pennsylvania 

highlighted that dual KRAS and immune 

checkpoint inhibition prolongs tumor 

suppression compared to monotherapy. 

mRNA Neoantigen vaccine 

• Autogene cevumeran (BioNTech/Genentech) 

has entered Phase 2 trials as an adjuvant 

strategy post-surgery in KRAS-mutated 

PDAC to reduce recurrence risk. [151] 

Nanoparticle Vaccines 

• A nanoparticle-based vaccine developed by 

Case Western and the Cleveland Clinic 

eradicated over half of tumors in animal 

studies and generated immune memory, 

paving the way for human trials. 

Zenocutuzumab (Bizengri) 

• This bispecific HER2/HER3 antibody, 

approved by the FDA in December 2024, 

targets tumors with NRG1 fusions, including 

a rare PDAC subset. [152] 

3) Non-KRAS targets and combination 

strategies 

Dual FGFR2/EGFR Inhibition 

• Scientists at Cold Spring Harbor showed that 

blocking FGFR2 and EGFR pathways 

concurrently slowed PDAC development in 

mouse models, suggesting early-intervention 

potential. [153] 

Tumour Treating Fields (TTF) 

• Novocure’s noninvasive electrical field 

therapy, when used alongside chemotherapy, 

extended median OS to 16.2 months, 

compared to 14.2 months with chemo alone, 

and improved 2-year survival by 33%. [154] 

4) Innovation in Early Detection and Imaging 

PAC-MANN Blood Test 

• Developed at Oregon Health & Science 

University, this test combines protease 

biomarkers with CA19-9, delivering 85–98% 

diagnostic accuracy at low cost, less than ₹1 

per test. [155] 

Ga-68 Trivehexin PET Imaging 

• A novel PET tracer targeting alpha-v beta-6 

integrin demonstrated strong tumor uptake 

and minimal background interference, 

improving detection rates. 

5) Radiotherapy and Artificial Intelligence 

Integration 

Irreversible Electroporation (IRE) 

• A nonthermal ablation technique, IRE 

improves survival to 12–18 months in locally 

advanced PDAC when used with 

chemotherapy. [156] 

AI-Enhanced CT Analysis 

• An AI-powered deep learning model 

developed in 2025 achieved a 0.926 AUROC 
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in detecting pancreatic tumors on CT scans. It 

won the PANORAMA challenge, signalling 

new frontiers in radiological diagnostics. 

[157] 

Primary Prevention for Individuals at Risk of 

Pancreatic Cancer 

At present, there are no concrete strategies for 

preventing pancreatic cancer in individuals 

considered at high risk. It is not advisable to 

remove the pancreas purely based on statistical 

likelihood.[158] However, some lifestyle 

recommendations can be made for certain 

individuals. These include quitting smoking, 

consuming a diet abundant in fruits and 

vegetables, engaging in regular physical activity, 

achieving weight loss where necessary, and 

potentially increasing vitamin D intake to more 

than 600 IU, if deemed beneficial.[159] 

Lifestyle Modifications 

Lifestyle medicine, a healthcare discipline, 

emphasizes evidence-backed lifestyle changes to 

prevent, treat, and potentially reverse chronic 

illnesses. It focuses on six main areas: consuming 

primarily whole-food, plant-based diets; engaging 

in physical activity; getting restorative sleep; 

managing stress effectively; avoiding harmful 

substances; and maintaining strong social ties. 

These pillars play an essential role in reducing the 

likelihood and progression of chronic diseases. 

 
Figure 2. The six pillars of lifestyle medicine 

Screening 

The Cancer of the Pancreas Screening (CAPS) 

consortium defines effective screening as the 

identification and treatment of early-stage 

pancreatic cancer (T1N0M0 with clear surgical 

margins) or the detection of advanced 

precancerous conditions, such as PanIN-3, IPMN 

with high-grade dysplasia, or MCN with high-

grade dysplasia. 

Who Should Be Screened 

Routine pancreatic cancer screening is not suitable 

for all high-risk individuals due to a lack of proven 

benefits in reducing mortality, and potential harms 

may outweigh advantages. [160] Several risk 

factors—such as aging, obesity, smoking, 

diabetes, and chronic pancreatitis—are associated 

with higher cancer incidence but lack specificity. 

For instance, pancreatic cancer risk increases 

significantly after age 45. Overweight and obesity 
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raise this risk, with odds ratios of 1.8 in men and 

1.22 in women.[244] Current and recent former 

smokers also have elevated risk (OR: 1.71 and 

1.78 respectively). Diabetes, particularly new-

onset, may signal early pancreatic cancer (OR: 

1.76). Additionally, individuals with chronic 

pancreatitis have a risk over twice that of the 

general population (OR: 2.23).[161] 

When to Screen 

In patients with hereditary pancreatitis, the 

likelihood of developing pancreatic cancer at a 

younger age is higher. For those with PRSS1 

mutations, screening is usually initiated at age 

40.[162] However, for other high-risk groups, no 

standard recommendation exists for when to begin 

or stop screening.[163] 

Case Studies 

Case 1: Early Detection in New-Onset Diabetes 

A 62-year-old male consulted his doctor with 

newly diagnosed diabetes and a recent 4 kg weight 

loss. Although he experienced mild, persistent 

epigastric discomfort, he showed no signs of 

jaundice. Lab tests showed elevated blood sugar 

but normal liver function. Due to his symptoms, a 

contrast-enhanced CT scan was done, revealing a 

2.5 cm mass in the pancreatic head. This finding 

was confirmed via endoscopic ultrasound and 

biopsy, which identified it as pancreatic ductal 

adenocarcinoma. The patient underwent a 

Whipple procedure (pancreaticoduodenectomy) 

and received adjuvant chemotherapy with 

gemcitabine. Three years post-treatment, he 

remained free of disease. This case highlights the 

importance of investigating new-onset diabetes in 

older adults as a possible early sign of pancreatic 

cancer.[164] 

 
Figure 3 Coronal C+ portal venous phase 

Case 2: Locally Advanced Tumor Presenting 

with Jaundice 

A 55-year-old woman came in with two weeks of 

painless jaundice, darkened urine, and skin 

itching. Physical examination revealed jaundice 

and an enlarged, non-tender liver. Liver tests 

indicated cholestasis. CT scans revealed a 4.5 cm 

tumor in the pancreatic head surrounding more 

than 180° of the superior mesenteric arteries, 

making it inoperable. There was no distant spread, 

but the bile ducts were dilated. A biopsy confirmed 

pancreatic ductal adenocarcinoma. The patient 

began neoadjuvant chemotherapy with 

FOLFIRINOX. While the tumor reduced slightly 

in size, it remained unresectable due to vascular 

involvement. She received a stent to manage 

jaundice and lived for 16 months after diagnosis. 

This case illustrates the complex challenges 

involved in treating locally advanced pancreatic 

cancer.[165] 
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Figure 4 Tumor encasing SMA: Radiopaedia Case 

– Pancreatic adenocarcinoma vascular 

involvement 

CONCLUSION 

While pancreatic cancer (PC), predominantly 

Pancreatic Ductal Adenocarcinoma (PDAC), 

remains a formidable challenge with a low 

survival rate due to late-stage diagnosis and 

complex biology, the future is trending toward 

personalized and proactive intervention, offering a 

definitive path to better outcomes. The 

management strategy relies on a combined effort 

of improving public health to address modifiable 

risk factors (like smoking and obesity) and 

translating scientific breakthroughs into clinical 

practice, particularly in high-risk patients. The two 

main pillars of this advancement are precision 

oncology, highlighted by the development of 

direct KRAS-targeted therapies (e.g., RMC-6236) 

and personalized mRNA neoantigen vaccines, and 

the promise of non-invasive early detection via 

sophisticated liquid biopsy tests (like PAC-

MANN), which are finally moving the needle 

toward diagnosing the disease in its earliest, most 

curable stages. 
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