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Introduction
Pancreatic cancer remains one of the most challenging 

malignancies to treat, with a five-year survival rate of 
around 10%. Understanding the etiology of pancreatic 
cancer is crucial for developing effective prevention 
strategies and targeted therapies. While advances have 
been made in elucidating both environmental and genetic 
risk factors, the complex interplay between these factors 
and molecular pathways driving pancreatic carcinogenesis 
continues to be a focus of intense research. This review 
provides a comprehensive examination of insights into 
pancreatic cancer etiology, spanning epidemiological 
patterns, genetic predispositions, and key molecular 
pathways implicated in disease development and 
progression [1].

Epidemiological studies have identified several 
demographic and lifestyle factors associated with an 
increased risk of pancreatic cancer. Age is a significant 
risk factor, with the incidence of pancreatic cancer rising 
sharply after the age of 50, peaking in the seventh and 
eighth decades of life. Men have a slightly higher incidence 
of pancreatic cancer compared to women, although the 
reasons for this gender disparity remain unclear. Cigarette 
smoking is the most well-established environmental risk 
factor for pancreatic cancer, accounting for approximately 
20-25% of cases [2]. 

Chronic pancreatitis, diabetes mellitus, obesity, and 
a family history of pancreatic cancer are also associated 
with an elevated risk of developing the disease. Geographic 
variation in pancreatic cancer incidence provides further 
insights into potential environmental risk factors. Regions 
with higher rates of cigarette smoking, obesity, and dietary 
habits rich in red and processed meats tend to have 

elevated pancreatic cancer incidence rates. Conversely, 
populations with lower rates of tobacco use and healthier 
dietary patterns exhibit lower pancreatic cancer incidence 
rates [3]. 

These observations underscore the importance of 
lifestyle modifications and public health initiatives in 
reducing the burden of pancreatic cancer on a global 
scale . While most cases of pancreatic cancer are sporadic, 
approximately 5-10% of cases are attributed to inherited 
genetic syndromes. Familial pancreatic cancer, defined by 
the presence of multiple affected family members without 
a known hereditary syndrome, accounts for a subset of 
cases with a familial predisposition. Studies have identified 
several germline mutations associated with familial 
pancreatic cancer, including mutations in genes such as 
BRCA1, BRCA2, PALB2, ATM, CDKN2A, and STK11 [4]. 

These genes are involved in DNA repair pathways, 
highlighting the importance of genomic stability in 
pancreatic carcinogenesis. Hereditary cancer syndromes, 
such as hereditary breast and ovarian cancer syndrome 
(caused by BRCA1 and BRCA2 mutations) and Lynch 
syndrome (caused by mismatch repair gene mutations), 
also increase the risk of pancreatic cancer. Individuals with 
these hereditary syndromes have a significantly elevated 
lifetime risk of developing pancreatic cancer compared to 
the general population [5]. 

Furthermore, recent genome-wide association 
studies (GWAS) have identified common susceptibility 
variants associated with pancreatic cancer risk, providing 
additional insights into the genetic architecture of the 
disease. Pancreatic carcinogenesis is driven by a complex 
interplay of genetic and epigenetic alterations affecting key 
signaling pathways involved in cell proliferation, survival, 
and differentiation [6]. 

The most frequently mutated gene in pancreatic cancer 
is KRAS, with activating mutations occurring in over 
90% of cases. Oncogenic KRAS signaling promotes cell 
proliferation, survival, and metastasis through activation 
of downstream effector pathways such as MAPK and PI3K-
AKT. In addition to KRAS mutations, inactivation of tumor 
suppressor genes such as TP53, CDKN2A, and SMAD4 
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plays a crucial role in pancreatic cancer pathogenesis [7].

The tumor microenvironment also plays a critical role 
in pancreatic carcinogenesis, with stromal components 
such as cancer-associated fibroblasts, immune cells, 
and extracellular matrix proteins contributing to tumor 
growth, invasion, and metastasis. Pancreatic stellate cells, 
activated in response to injury or inflammation, promote 
desmoplasia and create a fibrotic, immunosuppressive 
microenvironment conducive to tumor progression. 
Immune evasion mechanisms, including upregulation 
of immune checkpoint molecules such as PD-L1, enable 
pancreatic cancer cells to evade immune surveillance and 
facilitate tumor immune escape [8].

Despite significant progress in understanding the 
molecular pathways driving pancreatic carcinogenesis, 
therapeutic options for pancreatic cancer remain limited, 
with surgery representing the only potentially curative 
treatment modality for localized disease. Targeted therapies 
aimed at inhibiting oncogenic KRAS signaling, targeting 
DNA damage repair pathways, and modulating the tumor 
microenvironment hold promise for improving treatment 
outcomes in pancreatic cancer. However, challenges such 
as tumor heterogeneity, acquired resistance to therapy, and 
the presence of desmoplastic stroma complicate therapeutic 
development and limit treatment efficacy [9].

Immunotherapy has emerged as a promising treatment 
approach for pancreatic cancer, with immune checkpoint 
inhibitors demonstrating clinical activity in a subset 
of patients. Strategies to overcome immune evasion 
mechanisms and enhance the efficacy of immunotherapy 
in pancreatic cancer are actively being pursued, including 
combination approaches with chemotherapy, targeted 
therapy, and other immunomodulatory agents. Personalized 
medicine approaches based on genomic profiling and 
molecular subtyping hold promise for identifying patient-
specific vulnerabilities and tailoring treatment regimens to 
individual tumor characteristics [10].

Conclusion
Insights into the etiology of pancreatic cancer have 

advanced significantly in recent years, with epidemiological 

studies elucidating demographic and lifestyle factors 
associated with disease risk, genetic analyses identifying 
germline and somatic mutations predisposing to pancreatic 
cancer, and molecular studies unraveling the complex 
signaling pathways driving pancreatic carcinogenesis. 
Integrating these insights into clinical practice holds 
promise for improving risk stratification, early detection, 
and treatment outcomes in pancreatic cancer. Continued 
research efforts aimed at unraveling the molecular 
mechanisms underlying pancreatic carcinogenesis 
and translating these findings into clinically actionable 
strategies are essential for reducing the global burden of 
this devastating disease.
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