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 Abstract   
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Pancreatic cancer stands as one of the most daunting challenges in 
oncology, characterized by high mortality rates and limited progress in 
treatment outcomes over decades. A critical barrier to improving survival lies 
in the difficulty of early detection and prevention: symptoms often do not 
manifest until the disease has reached an advanced stage and reliable screening 
methods are lacking. This delayed diagnosis contributes significantly to the 
poor prognosis associated with pancreatic cancer. Genetically, pancreatic 
tumors exhibit a limited repertoire of frequently mutated genes, including 
KRAS, CDKN2A (p16), TP53, and SMAD4. Neoadjuvant therapies are being 
explored to downstage tumors and increase the likelihood of successful surgery. 
Despite advancements in treatment strategies, including novel drug 
combinations and multimodal approaches, disease recurrence following 
surgery remains common, highlighting the urgent need for innovative 
therapeutic approaches. We summarize the existing knowledge on the critical 
pathophysiological, molecular, translational, and clinical aspects of pancreatic 
cancer. Additionally, we outline potential future directions for research and 
patient management in this challenging disease. 
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INTRODUCTION 
 

Pancreatic cancer is a type of cancer where malignant cells develop within the pancreas tissue, posing a 
significant threat globally as a leading cause of cancer-related deaths. It ranks seventh in both men and women 
worldwide according to 2012 data from Worldwide Cancer Statistics.(1) Developed nations like Australia, East 
Asia, North America, and Europe face higher risks of this disease.(2) Without treatment, advanced stages typically 
result in a survival time of about three months, with only a 9% chance of recovery.(3) Current effective treatments 
include adjuvant chemotherapy, immunotherapy, and surgery, particularly surgical resection as the primary 
approach(4). However, due to the invasive nature of the tumor, only 15%–20% of patients are eligible for surgery, 
highlighting the urgent need for effective medicinal therapies(5) 



Vasuki. M et al / Int. J. Res. Pharmacology & Pharmacotherapeutics, 13(4) 2024 [594-604] 

 

595 
 

Anatomy of pancreas 

 
 

Fig 1: Anatomy of pancreas 
 

The pancreas, situated in the retroperitoneum behind the stomach's greater curvature within the lesser 
sac, is anatomically partitioned into four regions: the head, neck, body, and tail. The pancreatic head is positioned 
medially to the C-loop of the duodenum, behind the transverse mesocolon, and is anterior to the vena cava, right 
renal artery, and renal veins. 

Overlying the portal vein, the neck of the pancreas marks the juncture where the superior mesenteric vein 
converges with the splenic vein, eventually forming the portal vein. The body of the pancreas lies in front of the 
splenic artery and vein, while the tail, situated within the splenic hilum, is anterior to the left kidney. Unlike its 
anterior border, the pancreas lacks a peritoneal covering along its posterior border, thereby exposing the pancreatic 
lymphatics to the retroperitoneum. 

Blood supply to the pancreas originates from branches of the celiac and superior mesenteric arteries 
(SMA). The head receives arterial blood from an arcade formed by the gastro-duodenal artery (GDA) and SMA 
branches, specifically the superior pancreaticoduodenal artery (dividing into anterior and posterior branches) and 
the inferior pancreaticoduodenal artery. Supply to the body and tail is provided by branches of the splenic artery. 
The SMA also branches into the inferior pancreatic artery, running along the pancreas's lower border. 
Anatomically parallel, the splenic artery and inferior pancreatic artery are interconnected by lateral, dorsal, and 
transverse pancreatic arteries. Venous drainage mirrors arterial supply, with veins running anterior to arteries. 

Lymphatic drainage throughout the pancreas is extensive and diffuse, with lymphatic vessels draining 
into five primary groups of nodes: superior nodes along the pancreas's upper border and the celiac trunk, anterior 
lymphatics to prepyloric and infrapyloric nodes, inferior nodes to superior mesenteric and periaortic nodes along 
the pancreas's lower border, posterior pancreaticoduodenal nodes to right periaortic nodes including lymphatics 
from the distal common bile duct and ampulla, and splenic nodes draining the tail along the splenic vessels to 
interceliomesenteric lymph nodes.(6) 
 
Pathophysiology 

Genetic mutations play a crucial role in the development of adenocarcinomas in the pancreas. These 
mutations involve the activation of oncogenes, inactivation of tumor suppressor genes, and disruptions in genome 
maintenance genes.(7) The majority of pancreatic malignancies are associated with activation of the ras oncogene, 
often through point mutations and gene amplification. Up to 90% of these cancers exhibit point mutations at 
codons 12, 13, and 61 in the Kirsten rat sarcoma viral oncogene homolog (K-ras) .(8) Additionally, various types 
of notch genes and their ligands have been implicated as potential oncogenes in pancreatic carcinogenesis.(9) 

A significant pathological feature of these cancers is the inactivation of tumor suppressor genes. A high 
percentage of pancreatic cancers show inactivation of p16, which plays a critical role in inhibiting tumor growth. 
Approximately half of pancreatic carcinomas also exhibit inactivation of another crucial apoptotic factor, tumor 
protein p53, which contributes to enhanced cancer cell proliferation and survival . Another common mutation 
involves the tumor suppressor gene.(10) Deleted in Pancreatic Cancer-4 (DPC4), which is deactivated in half of 
patients. DPC4 is important for suppressing vascular growth and tumor proliferation.(11) 

Other significant factors contributing to the pathology of pancreatic carcinoma include the dysregulation 
of epidermal growth factor receptor (EGFR) signaling, which promotes tumor cell proliferation, invasion, and 
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metastasis .(12) Aberrations in protein kinase B (Akt) and nuclear factor kappa-light-chain-enhancer of activated B 
cells (NF-kB) activity also inhibit tumor cell apoptosis, thereby promoting tumor survival and invasion.(!3) 
Embryogenic factors also play a role in the progression of pancreatic carcinoma. Pancreatic growth during fetal 
development depends on hedgehog signaling, which is critical for normal tissue morphogenesis and organogenesis 
in the digestive system. Dysregulation of this pathway, leading to its increased expression, is associated with many 
cancers, including pancreatic adenocarcinomas .(14) Several other signaling pathways, such as mitogen-activated 
protein kinases (MAPK), insulin-like growth factor (IGF), and signal transducer and activator of transcription 3 
(STAT3), are also implicated in the pathogenesis of pancreatic carcinomas.(15) 

 
 

Fig 2: illustrates various stages of pancreatic cancer 
 
Risk factors 
The risk factors for this disease are classified into two categories: 
1. Modifiable risk factors  
✔ Overweight, 
✔ smoking, 
✔ alcohol consumption, 
✔ occupational exposure, 
✔ and dietary factors. 

Studies indicate that smoking can significantly increase the risk of this cancer, especially with prolonged exposure 
or passive smoking .(16)Being overweight is also associated with an increased risk of pancreatic carcinoma 
.(17)Certain dietary choices have been shown to influence the risk of pancreatic cancer in about half of all cases 
.(18) Alcohol consumption, particularly at levels of 60 grams per day, has been linked causally to the development 
of pancreatic cancer .(19) Certain occupations exposing individuals to carcinogenic agents, such as nickel, are also 
implicated in the etiology of this malignancy .(20) 
  2. Non-modifiable factors 
✔ sex 
✔ age 
✔ positive family history 
✔ diabetes mellitus 
✔ infections 
✔ genetic disorders  

 
Men have a higher incidence rate of pancreatic cancer compared to women .(29) The risk increases with 

age, particularly above fifty years old, according to SEER statistics.(21) Diabetes mellitus, both Type I and II, 
predisposes individuals to a higher risk of developing this cancer .(22) Having a positive family history, especially 
in first-degree relatives, significantly increases the likelihood of occurrence .(23-25) 

Chemotherapy for pancreatic cancer is typically administered either before surgery (neoadjuvant 
chemotherapy) or after surgery (adjuvant chemotherapy) [26]. Various chemotherapeutic agents used include 
Gemcitabine (GEM), 5-fluorouracil (5-FU), Doxorubicin (DOX), Oxaliplatin, Paclitaxel (PTX), Capecitabine 
(Cap), Cisplatin, Irinotecan, and immunomodulators. These agents are combined in different protocols depending 
on the specific treatment plan.(27,28) 
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Epidemeology 
Pancreatic cancer ranks as the fourth leading cause of cancer-related deaths in the United States and 

results in approximately 227,000 deaths annually worldwide.(29) Various risk factors contribute to this disease, 
including smoking, a family history(30) of chronic pancreatitis, advancing age, male gender, diabetes mellitus, 
obesity, non-O blood group,(31) occupational exposures to certain chemicals like chlorinated hydrocarbon solvents 
and nickel, (32)African-American ethnicity, diets high in fat and meat but low in vegetables and folate, and possibly 
infections such as Helicobacter pylori and periodontal disease.(29) Notably, coffee intake is not associated with an 
increased risk of pancreatic cancer. 

The etiology of pancreatic cancer is complex and multifaceted, with smoking and family history being 
prominent factors. Approximately 20% of pancreatic tumors are attributed to smoking, and these cancers tend to 
harbor more genetic mutations compared to non-smokers.(32) A family history of pancreatic cancer significantly 
elevates individual risk, affecting about 7-10% of affected individuals.(33)Familial pancreatic cancer is typically 
defined as cases where first-degree relatives (e.g., parents, siblings) have been diagnosed with pancreatic 
tumors.(30) First-degree relatives of individuals with familial pancreatic cancer carry a ninefold increased risk of 
developing the disease compared to the general population, which escalates to a 32-fold greater risk in families 
with three or more affected first-degree relatives. 

Young-onset pancreatic cancer (occurring before age 50) in a family further increases the risk.(34) Patients 
with familial pancreatic cancer tend to exhibit more precancerous lesions(35) and face an augmented risk of 
developing cancers outside of the pancreas.(36) 

Genetic testing plays a crucial role in identifying cancer predisposition genes within families affected by 
pancreatic cancer. However, it is underutilized due to insufficient recognition of familial cancer syndromes based 
on incomplete family history documentation. Even without genetic testing, detailed cancer family histories can 
help predict clinical risk. Current guidelines do not universally recommend genetic testing for inherited 
susceptibility to pancreatic cancer due to many aspects of genetic predisposition remaining poorly understood.(37) 

For individuals with specific risk factors (e.g., Jewish ethnicity, strong family history of breast cancer, multiple 
first-degree relatives with pancreatic cancer), BRCA2 and CDKN2A genetic testing may be considered after 
appropriate genetic counseling. Mendelian risk-prediction programs have also been evaluated to aid in managing 
familial pancreatic cancer risk. [38] 

 
Symptoms 

Approximately 70-80% of patients with pancreatic cancer experience pain in the epigastrium, which is 
the upper central part of the abdomen. This pain may radiate to the sides and back. The pain is typically relieved 
by sitting still or bending forward. Other common symptoms include jaundice, which presents as yellowing of the 
skin and eyes due to bile duct obstruction, leading to cholestasis (buildup of bile in the bloodstream). Patients 
often report a loss of appetite, unexplained weight loss, and may experience depression. Some individuals also 
develop diarrhea or steatorrhea (fatty stools). 

Pancreatic cancers located in the head of the pancreas can cause progressive and dark jaundice due to 
bile duct obstruction by the tumor. When examining a patient, physicians should consider pancreatic cancer if 
they present with persistent abdominal pain around the abdomen, navel, and stomach, along with symptoms such 
as indigestion, swelling, significant weight loss, and loss of appetite. 

In cases where the tumor obstructs the bile ducts sufficiently, the gallbladder may become palpably 
enlarged, a finding known as vesicle hydrops, which is characteristic of Courvoisier-Terrier sign. This sign 
suggests the obstruction of bile ducts is likely due to a non-inflammatory process such as pancreatic cancer.(39) 
 
Diagnosis and screening 

Diagnosing pancreatic cancer is notably challenging, often resulting in late-stage detection where the 
disease has already progressed to locally advanced or metastatic stages. This delay stems from various factors, 
including the nonspecific nature of symptoms associated with pancreatic cancer and its tendency to invade nearby 
major blood vessels early on, making many tumors unresectable (80%-85%) upon presentation. (40,41)Surgical 
resection remains the sole potential cure, albeit with high recurrence rates and generally poor long-term survival 
outcomes. 

Given the relatively low lifetime risk of pancreatic cancer (around 1%), there is no recommendation for 
population-wide screening of asymptomatic individuals. There is some debate on the optimal age to commence 
screening among high-risk populations, with a slight majority suggesting initiation at age 50. Surveillance 
intervals vary based on findings, with non-suspicious cysts requiring repeat imaging every 6-12 months and solid 
lesions or main pancreatic duct strictures needing reassessment after three months. 

While a high-risk population for screening has been identified, there is still ambiguity regarding the 
optimal diagnostic imaging modalities and specific lesions to target. Secretin-enhanced MRI and MRCP have 
demonstrated strong concordance with EUS findings as a one-time screening modality, avoiding the risks 
associated with ionizing radiation. However, EUS exhibits higher sensitivity for detecting small solid pancreatic 
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lesions (<2cm) compared to CT and MRI, and it can characterize pancreatic cysts using fine needle aspiration 
cytology. 

Previously, PanIN (pancreatic intraepithelial neoplasia) was thought challenging to identify on imaging, 
but emerging evidence suggests associations with lobulocentric atrophy that mimics chronic pancreatitis on EUS. 
For high-risk populations recommended by the International Cancer of the Pancreas Screening Consortium, a 
combination of EUS and MRI/MRCP is recommended for screening.(42) 

Despite advancements in screening technology, managing identified abnormalities remains a subject of 
ongoing study.(43) While screening programs in high-risk populations show promise in improving rates of curative 
resection and survival, these benefits must be weighed against potential concerns such as heightened anxiety 
among those screened.(44,45,46) 

Although general population-based screening is not advised, raising awareness about the vague 
symptoms of pancreatic cancer through various campaigns is crucial. Many individuals diagnosed with pancreatic 
cancer had previously ignored intermittent symptoms, emphasizing the need for heightened awareness among 
primary care physicians to ensure timely investigation and management when relevant symptoms arise.(47,48) 
 
Biomarkers for early detection 

Research focused on identifying biomarkers, such as through liquid biopsy, to assist in the screening, 
diagnosis, and treatment of pancreatic cancer has been vigorously pursued. Various approaches to detect 
biomarkers in blood, breath, and pancreatic juice have all been explored in this endeavor. 

CA 19-9 is currently the only biomarker approved by the FDA for routine management of pancreatic 
cancer.(49) However, its limited ability to accurately predict disease presence makes it unsuitable for mass 
screening of asymptomatic individuals. Instead, it is more appropriate for monitoring treatment response and 
detecting disease recurrence.(50) Recent studies using mass spectrometry have found higher levels of specific 
metabolic by-products in early-stage pancreatic adenocarcinoma compared to controls.(43) Nevertheless, 
discrepancies between levels found in tumor tissue and plasma samples highlight the necessity for further research 
if a blood-based biomarker is to be developed.(43) 

Efforts have also focused on metabolites detected via mass spectrometry in tumor tissue, showing 
potential for early-stage pancreatic adenocarcinoma diagnosis. However, discrepancies between tumor tissue and 
plasma samples suggest the need for further investigation before a blood-based biomarker can be developed.(51) 
Recent studies on plasma-based metabolite panels have shown promise in early diagnosis, particularly in 
populations at higher risk due to chronic pancreatitis.(52) 

Genetic mutations like KRAS have prompted investigation into cell-free DNA and circulating tumor 
cells for screening, yet current findings indicate insufficient sensitivity and specificity for widespread use. 
Meanwhile, volatile organic compounds (VOCs) in exhaled air have shown potential as non-invasive biomarkers, 
demonstrating elevated levels in pancreatic cancer patients compared to healthy controls.(53) 

In pancreatic juice, mutant P53 and other mutated DNA markers have been identified in individuals with 
various stages of pancreatic lesions, suggesting potential for early detection using next-generation sequencing 
techniques.(54) However, the lack of validated and specific biomarkers remains a significant challenge in the field, 
underscoring the need for continued research and validation efforts.(55) 
 
Treatment 

Surgical resection stands as the primary curative option for pancreatic cancer, with chemotherapy in the 
adjuvant setting demonstrating improved survival rates. Recent studies have shown encouraging results with the 
addition of chemo-radiotherapy in the neo-adjuvant setting, although further research is necessary to determine 
which patient groups would benefit most from this approach. Here, we review the latest evidence supporting these 
treatment strategies.(56) 

 
Surgical management 

Pancreatico-duodenectomy (Whipple's procedure), distal pancreatectomy, or total pancreatectomy are 
the surgical options available depending on the tumor's anatomical location. Centralization of these procedures in 
high-volume centers has led to improved outcomes as surgical expertise increases. (56)Technological 
advancements and refined operative techniques aim to minimize adverse events and enhance survival. The goal 
of surgical resection is to achieve an R0 resection, significantly associated with improved survival compared to 
R1 resections. Debate persists regarding the definition of an R1 resection, with differing criteria among 
international pathology organizations.(57,58) 
 
Pre-operative biliary drainage 

A significant number of pancreatic cancer patients present with jaundice, which can complicate peri-
operative management. Traditionally, obstructive jaundice is relieved prior to surgery to mitigate coagulation 
issues and infection risks. Recent trials comparing pre-operative biliary drainage methods have suggested that 
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some patients may benefit more from expedited surgery rather than drainage followed by resection, owing to 
higher peri-operative complication rates in the drainage group.(59,60,61) 
 
Anastomotic techniques 

Post-Whipple procedure, pancreatic anastomotic leakage and pancreatic fistula formation are major 
sources of morbidity. Various techniques for reconstructing the digestive tract after Whipple's procedure have 
been explored, including anastomosing the pancreatic remnant to the stomach or jejunum. However, studies have 
not shown significant differences in outcomes between these techniques or variations within them.(62,63) 
 
Minimally invasive surgery 

Interest in minimally invasive techniques for pancreatic surgery has grown, with laparoscopic distal 
pancreatectomy showing comparable morbidity and mortality to open procedures, along with reduced blood loss 
and hospital stay. Although initial studies are promising, further high-quality evidence is needed to establish 
superiority over open surgery.(64,65) 
 
Robotic surgery 

Robotic-assisted Whipple's procedure has been investigated for its potential benefits, including lower 
complication rates and reduced margin involvement compared to open surgery in retrospective cohort studies. 
However, the lack of randomized controlled trials introduces potential selection bias, and the significant cost of 
robotic systems requires further evaluation of cost-effectiveness.(66,67) 
 
Vascular resection 

Resection of pancreatic tumors involving surrounding vasculature remains controversial. While resection 
of invaded mesenteric and portal vessels is technically feasible, studies have shown higher peri-operative mortality 
and poorer outcomes at one and three years with arterial reconstruction. In contrast, venous resection during 
pancreatectomy may offer more promising outcomes, with comparable perioperative morbidity and survival rates 
to non-intervention cases, albeit with increased operative time and blood loss. 

In conclusion, while surgical resection remains the cornerstone of potentially curative treatment for 
pancreatic cancer, ongoing research into peri-operative management, anastomotic techniques, minimally invasive 
approaches, robotic surgery, and vascular resection aims to optimize outcomes and expand treatment options for 
this challenging disease.(68-70) 
 
Medical management 
Adjuvant treatment 

Adjuvant chemotherapy has been validated by the landmark CONKO-001 trial, which compared 
adjuvant gemcitabine following complete surgical resection versus surgery alone. This study demonstrated a 
significant improvement in median disease-free survival (13.4 months vs 6.7 months) and overall survival, with 
five-year survival rates of 20.7% versus 10.4%, and ten-year survival rates of 12.2% versus 7.7%. Despite these 
promising outcomes, the median overall survival improvement was modest (20 to 23 months, P = 0.01).(71) 

Further research has focused on identifying optimal chemotherapy regimens. The ESPAC-3 trial 
established gemcitabine as the preferred agent over 5-fluorouracil due to better tolerability. Building on dual 
therapy success in advanced disease, the ESPAC-4 trial by Neoptolemos et al. demonstrated that combining 
capecitabine with gemcitabine in resected pancreatic cancer patients improved median overall survival to 28 
months compared to 25.5 months with gemcitabine alone (HR: 0.82, P = 0.032).(72) 

Other chemotherapy approaches have also been explored. For instance, the PRODIGE24/CCTG trial 
compared gemcitabine with mFOLFIRINOX (a combination of oxaliplatin, irinotecan, and leucovorin) in patients 
with R1 or R0 resection of pancreatic adenocarcinoma. Results at a median follow-up of 33.6 months showed 
significantly improved disease-free survival (21.6 months vs 12.8 months) and overall survival (54.4 months vs 
35 months) with mFOLFIRINOX, albeit with a higher risk of complications.(73-75) 
 
Neo-adjuvant treatment 

Despite the benefits of adjuvant therapy, a substantial proportion (71-76%) of patients experience relapse 
within two years, and up to 40% are unfit for adjuvant therapy due to surgical complications. Given the success 
of neo-adjuvant therapy in other cancers, there is growing interest in its potential benefits for pancreatic cancer. 
Theoretical advantages include micro-metastasis elimination and primary tumor shrinkage, which may reduce 
recurrence rates. However, complications from neo-adjuvant treatment can delay surgery or render tumors 
unresponsive, potentially converting resectable disease to unresectable. Additionally, chemoradiotherapy-induced 
pancreatic fibrosis may complicate subsequent pancreatectomy. 

Studies investigating neo-adjuvant therapy have focused on resectable or borderline resectable disease. 
Meta-analyses, including the recent work by Versteijne et al., have shown that neo-adjuvant treatment prolongs 
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median overall survival (26.1 months vs 14.8 months) and increases R0 resection rates compared to upfront 
surgery. 

Ongoing trials like Preopanc-1 are evaluating the role of pre-operative chemoradiotherapy versus 
immediate surgery in improving resection rates and survival outcomes for resectable or borderline resectable 
disease.(76-81) 

 
Treatment in metastatic patients 

For metastatic pancreatic cancer, management primarily aims at symptom control, jaundice management, 
and palliative chemotherapy. FOLFIRINOX has emerged as the preferred regimen over gemcitabine, based on 
trials like those by Conroy et al., which demonstrated superior median overall survival (11.1 months vs 6.8 
months) despite increased adverse effects.(81,83) 
 
Future Directions for Pancreatic Cancer Treatment 

Given the limitations of current therapies, ongoing research is essential to explore novel therapeutic 
avenues. Promising areas include oncolytic viral therapy and gene editing technologies, which have shown 
potential in pre-clinical and early clinical trials. 
 
CONCLUSION 
 

In conclusion, while adjuvant chemotherapy remains pivotal in managing resected pancreatic cancer, the 
potential benefits of neo-adjuvant therapy and advancements in metastatic disease treatment underscore the need 
for continued research to improve outcomes in this challenging disease. 
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