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Pancreatic cancer – challenge for modern medicine

Abstract

Introduction. Pancreatic cancer is one of the most dangerous carcinomas of the digestive tract, with a very poor prognosis for 
patients. Annually, more than three and a half thousand people in Poland are diagnosed with this tumor.

Aim. The aim of the work was to assess and compile existing knowledge about pancreatic adenocarcinoma.
Materials and methods. Data for the paper was gathered with the usage of Google Scholar. Moreover, articles from sources 

like PubMed or National Institutes of Health were used. Materials were published between 2015 and 2024.
Results. Tumor morbidity is still increasing, the biggest group of patients are people who are more than 55 years old. Many 

modifiable and nonmodifiable factors play a role in the pathogenesis of pancreatic cancer. Lifestyle, stimulants, BMI or physical 
activity can be included into the first group. Nonmodifiable factors are sex, age, race, genetic predisposition or blood group. Typi-
cal symptoms of this tumor are loss of the body weight, fatigue, nausea, jaundice and abdominal pain. Clinicians use the follow-
ing diagnostic methods: CT, MRI, ERCP, MRCP or USG. Only the radical chirurgical treatment gives a hope for total recovery, 
additionally chemotherapy can be admitted. Chemotherapy schemes are FOLFIRINOX or monotherapy with gemcitabine.

Conclusions. Pancreatic cancer is still a challenge for clinicians, as its treatment is limited by poor effectiveness of possible 
ways of treatment. The majority of tumors are diagnosed at the advanced stage, when full patient recovery is not possible. New 
ways of treatment such as immunotherapy, monoclonal antibodies or gene therapy are a ray of hope.
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to studies published in the United States, from 1975 to 2000, 
during 25 years of vigorous development in nearly every field 
of medicine, the five-year survival rate for pancreatic cancer 
increased from 2.5% to only 6.4% [5].

Pancreatic cancer presents an exceptionally challenging 
clinical dilemma due to its difficult diagnosis, the fact that it 
is often detected at an advanced stage, and the limited number 
of effective treatment options that can offer patients hope for 
recovery.

AIM

The primary objective of this study is to compile and sys-
tematize current knowledge regarding the epidemiology, di-
agnosis, and treatment of pancreatic cancers, with a particular 
emphasis on pancreatic adenocarcinoma.

MATERIAL AND METHODS

The materials for this study were obtained through publicly 
accessible educational platforms such as Google Scholar. Dur-
ing the preparation of this publication, the authors also uti-
lized databases provided by PubMed, the National Institutes 
of Health, and Web of Science.

INTRODuCTION

The earliest references to pancreatic cancer in the annals of 
medical history can be traced back to 1761, when the Italian 
pathologist Giovanni Battista Morgagni first described chang-
es in the pancreas that could correspond to adenocarcinoma of 
this organ [1]. Despite the passage of centuries and remarkable 
advancements in medicine in both diagnostic and therapeutic 
domains, pancreatic cancer remains a pressing issue for many 
clinicians.

Periodic publications from the National Cancer Registry 
clearly indicate that the incidence of cancer in Poland continues 
to rise. The most recent data from 2021 reveal over 170,000 new 
cancer cases and 93,000 cancer-related deaths [2]. Among this 
number, pancreatic cancer is diagnosed annually in over three 
and a half thousand individuals of both sexes [2].

Pancreatic cancer is considered to be one of the most for-
midable malignancies of the digestive tract. It is characterized 
by extremely unfavorable prognosis, with the global five-year 
survival rate ranging from 0.5% to 9% [3]. In Poland, this rate 
averages 9% for men and 13% for women [4]. Currently, there 
is a lack of advanced and innovative treatment methods for 
pancreatic cancer, with distant treatment outcomes having 
remained unchanged for nearly two decades [4]. According 
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The majority of the articles used as source materials came 
from the years 2015-2024, reflecting the usage of up-to-date 
and reliable knowledge resources. Priority was given to ma-
terials from the most recent journals with the highest impact 
factors.

Keywords used in the search for source materials included: 
pancreatic cancer, epidemiology of pancreatic cancer, pancre-
atic cancer treatment, and management of pancreatic cancer.

Description of the state of knowledge
Pancreatic cancer is a malignancy with a poor prognosis, as 

only one in ten patients has their disease detected at an early 
stage. Furthermore, 75% of these patients experience the recur-
rence of disease despite treatment [3]. Over the past two dec-
ades, the incidence of pancreatic cancer has more than doubled 
globally [6]. Demographic changes and the characteristics of 
the cancer, which predominantly affects individuals over the 
age of 55, suggest that the incidence of this disease will con-
tinue to rise. Interestingly, according to an article published in 
the prestigious journal Lancet, the surge in the prevalence of 
new cases of pancreatic cancer is currently more pronounced 
among individuals under the age of 55 [7].

Risk factors
The uneven age distribution observed in pancreatic cancer 

epidemiology can be attributed to multiple factors. Primarily, 
as with most cancers, risk factors for pancreatic cancer include 
non-modifiable patient characteristics such as age, sex, genetic 
predisposition, race, and blood type.

Pancreatic cancer predominantly affects older individuals, 
with approximately 90% of diagnosed patients being over the 
age of 55 [8]. Men are also at higher risk, potentially due to 
hormonal factors or lifestyle choices. Swedish researchers 
have demonstrated that women using hormone replacement 
therapy have a statistically significant reduction in the risk of 
pancreatic cancer compared to a control group [9]. This study 
suggests a potentially inhibitory effect of estrogens and pro-
gesterone on carcinogenesis.

Additional risk factors for pancreatic cancer include smok-
ing, alcohol consumption, obesity, and lack of physical activ-
ity. A multicenter study conducted in 2020 with over 2,000 
patients found that smoking increases the risk of pancreatic 
cancer by 1.72 times [10]. Furthermore, research conducted 
in the United States showed that smokers diagnosed with pan-
creatic cancer have a 1.37 times higher risk of death compared 
to non-smokers. This indicates that, statistically, the endpoint 
(in this study, patient death) is 1.37 times more likely among 
smokers than non-smokers [11]. Notably, the risk was found to 
be higher, the longer a patient had smoked.

A study involving over 2,000 pancreatic cancer patients 
demonstrated that alcohol consumption increases the risk of 
this cancer. The relative risk for patients consuming more 
than 30 grams of alcohol per day was 1.22. Research clearly 
shows the impact of substance use on pancreatic cancer devel-
opment, with smoking being statistically more harmful than 
alcohol [12]. Additionally, the World Cancer Research Fund 
has reported that with each 5-unit increase in BMI above the 
normal range, the risk of pancreatic cancer rises by 10 per-
centage points. These findings underscore the direct correla-
tion between lifestyle and cancer risk. Moreover, lifestyle, as 
a modifiable risk factor, can potentially be mitigated through 
proper health education.

Studies conducted in the United States have also shown that 
race is a risk factor for pancreatic cancer. African Americans 
have a 50-90% increased risk of developing this cancer com-
pared to Caucasians [12]. This disparity may be attributable to 
differences in lifestyle, higher alcohol consumption, increased 
BMI, or a greater risk of diabetes relative to the white popula-
tion [13].

Researchers from the University of Bergen in Norway have 
demonstrated that blood group, as an additional non-modifia-
ble factor, may represent a risk for developing pancreatic can-
cer. In a cohort study involving over 6,000 individuals, they 
found that blood groups other than O are associated with an 
increased risk. In other words, individuals with blood group 
O, which is the second most common subtype in the ABO sys-
tem after group A, have a lower risk of developing malignant 
pancreatic tumors [14]. Interestingly, this is not the only ex-
ample of a correlation between blood group and cancer risk. 
It has been shown that the risk of gastric cancer is increased 
for patients with blood group A, while individuals with blood 
group AB have a lower risk of this type of cancer [15]. These 
findings underscore the significant influence of blood groups 
on the risk of malignant cancers. Further research could pro-
vide a more precise understanding of these correlations and 
potentially open new avenues for screening and early detec-
tion methods for particularly at-risk patients.

Type 2 diabetes mellitus is an extremely significant risk fac-
tor for pancreatic cancer. Currently, over 500 million people 
worldwide suffer from this metabolic disorder, with projec-
tions suggesting that this number could reach up to 780 million 
by 2045 [16]. Over 90% of diabetes cases are type 2 diabetes. 
A study published in 2023 demonstrated that type 2 diabetes 
is a significant risk factor for developing pancreatic cancer. 
Notably, nearly 40% of patients with pancreatic cancer had 
diabetes prior to their cancer diagnosis, while 42% had a di-
agnosis of diabetes that coincided temporally with their can-
cer diagnosis [17]. Further relevant data on this correlation is 
available on the mp.pl website, which shows that oncological 
patients experienced a substantial increase in HbA1c levels in 
the 3-6 months preceding the diagnosis of cancer [18]. These 
findings lead to two main conclusions: first, that type 2 diabe-
tes, as a civilization disease, is associated not only with com-
plications such as macroangiopathy, retinopathy, nephropathy, 
microangiopathy, and neuropathy but also with an increased 
risk of malignant tumors. Second, clinicians should present 
heightened vigilance, especially during the diagnosis of newly 
detected diabetes in patients aged around 55-60 years. It is 
crucial to assess whether other symptoms might indicate the 
presence of a neoplastic disease. Additionally, the presence of 
diabetes complicates therapeutic options due to the increased 
susceptibility to infections or impaired wound healing, which 
restricts surgical treatment methods which are especially impor-
tant in small, localized pancreatic tumors. Chemotherapy is also 
challenging, particularly due to diabetic nephropathy, which ne-
cessitates the avoidance of potentially nephrotoxic drugs.

Initiation, promotion, and progression are inherent stages 
of carcinogenesis that can be triggered by various factors. One 
of these is chronic inflammation, which is characterized by the 
presence of cytokines such as IL-1, IL-6, reactive oxygen spe-
cies (ROS), and elevated cyclooxygenase activity [19]. Chron-
ic pancreatitis is a multifactorial disease with causes including 
alcoholism, smoking, hypercalcemia, hyperlipidemia, autoim-
mune factors, mechanical obstructions, or genetic mutations 
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such as in the SPINK1 or CFTR genes (the latter responsible 
for the pathogenesis of cystic fibrosis). Patients with genetical-
ly predisposed chronic pancreatitis have up to a 20% increased 
risk of developing pancreatic cancer compared to healthy indi-
viduals [20]. In the case of alcohol-induced chronic pancreati-
tis, the risk increases to a lesser extent, though it is important 
to remember that alcohol itself is a carcinogen.

Genetic factors play a crucial role in the pathogenesis of 
pancreatic cancer. Researchers have identified several genes 
that contribute to tumor development, with key examples in-
cluding K-RAS, TP53, BRCA1, BRCA2, PRSS1, MMR, STK11, 
and CDKN2A [8]. The highest risk of developing pancreatic 
cancer is associated with mutations in the STK11 gene (which 
controls the cell cycle), responsible for Peutz-Jeghers syn-
drome [21]. In this specific case, the risk of pancreatic cancer 
increases by up to 130 times compared to the healthy popula-
tion [12]. The most common mutation leading to pancreatic 
cancer development is a defect in the KRAS oncogene, which 
encodes the K-Ras protein, contributing to up to 90% of ge-
netically driven pancreatic cancer cases [22]. Research indi-
cates that over 80% of pancreatic cancer cases are caused by 
spontaneous, non-familial monogenic mutations [8]. Patients 
with first-degree relatives affected by pancreatic adenocarci-
noma have a 4.5 times increased risk of developing the disease 
[8]. In the context of pancreatic cancer pathogenesis it is worth 
mentioning BRCA1 and BRCA2 genes, which physiologically 
encode proteins involved in DNA repair. They are primarily 
known for their association with breast and ovarian cancer 
[23], but can also induce pancreatic cancer [22]. This leads 
to various diagnostic challenges, including the necessity of 
monitoring men whose mothers, as carriers of BRCA1/2 mu-
tations, may have had breast cancer. While the risk of breast 
cancer in these men is low due to their gender, there remains 
an increased risk for pancreatic and other cancers.

Symptoms of pancreatic cancer
In the diagnostic process, in addition to knowledge about 

the risk factors described above, understanding the symptoms 
of pancreatic cancer is crucial. Correlating and identifying pa-
tients who exhibit both specific risk factors and typical clinical 
signs and symptoms enables earlier diagnosis and improves 
prognosis. The most typical symptoms of pancreatic cancer 
largely overlap with common cancer-related symptoms, such 
as fatigue, weight loss, bloating, nausea, abdominal discom-
fort, or fever. The frequency of specific symptoms is close-
ly related to the tumor location. In approximately 70% of 
cases, the tumor is located in the head of the pancreas, 20% 
in the body, and the remaining 10% in the tail of the organ 
[24]. When the tumor is located in the head of the pancreas, 
characteristic symptoms include weight loss, steatorrhea, and 
painless jaundice [25]. The painless nature of the jaundice is 
particularly important as it helps differentiate pancreatic can-
cer from bile duct stones or acute cholangitis, where patients 
typically report severe pain in the right upper abdomen. The 
presence of jaundice may also be accompanied by pruritus, 
the pathogenesis of which is not fully understood but may 
be related to the activation of the endogenous opioid system 
[26]. Other typical signs of extrahepatic jaundice include pale-
colored stools and dark urine. Research has shown that the 
presence of jaundice can have prognostic value in pancreatic 
cancer, with better outcomes observed in patients presenting 
with painless jaundice [25].

Jaundice can also be reflected in laboratory tests, typi-
cally presented with conjugated hyperbilirubinemia, elevated 
GGTP, and increased alkaline phosphatase levels [27]. Lab-
oratory abnormalities in pancreatic cancer may also include 
anemia, thrombocytosis, hypoalbuminemia, elevated inflam-
matory markers, and increased levels of the tumor marker 
CA19-9. A CA19-9 level exceeding 180 U/mL is considered 
an unfavorable prognostic indicator. This marker can be used 
as a prognostic factor or for monitoring potential recurrence of 
the disease [28].

The presence of cancer itself is associated with a prothrom-
botic risk, as numerous studies have shown [29-31]. This is 
driven by several factors, including inflammation and the pro-
duction of tissue factors by cancer cells, which activate coagu-
lation factors, such as factor Xa. Additionally, chemotherapy 
further increases blood clotting, with prothrombotic agents in-
cluding methotrexate, 5-fluorouracil, and cisplatin. Pancreatic 
cancer can be manifested with pulmonary embolism, deep vein 
thrombosis (DVT) of the lower limbs, or the lesser-known but 
interesting Trousseau’s syndrome. This syndrome, also called 
migratory superficial thrombophlebitis, is characterized by 
redness, tenderness, and swelling in one vein or „migrating” 
lesions in different locations [32].

Another specific sign related to pancreatic cancer is Cour-
voisier’s sign, which refers to a palpable, painless gallbladder. 
This is caused by mechanical compression of the bile ducts by 
the tumor. Pancreatic cancer may also cause duodenal com-
pression, leading to mechanical gastrointestinal obstruction or 
bleeding. Furthermore, compression of the splenic vein can 
result in secondary congestion of the spleen, leading to sple-
nomegaly.

An extremely rare sign in pancreatic cancer is the so-called 
Sister Mary Joseph nodule. Named after a nurse who first ob-
served it in a patient shortly after World War II, it involves 
the enlargement of umbilical lymph nodes, which form a char-
acteristic nodule-like structure [33]. These nodules can also 
appear in other gastrointestinal cancers, but their occurrence 
is nearly anecdotal. 

The symptoms of pancreatic cancer mentioned above are 
largely non-specific. It is challenging to find a symptom in a 
physical or subjective examination that allows for a so-called 
“strassen diagnose” – a diagnosis made at first glance. For 
these reasons, imaging and laboratory tests play a crucial role 
in diagnosis.

Imaging techniques
The most accessible and commonly performed examination 

is abdominal ultrasonography (USG); however, it only allows 
the detection of large tumors or secondary signs of malignan-
cy, such as venous thrombosis, enlarged peripheral/retroperi-
toneal lymph nodes, or infiltration of major vessels, such as the 
aorta. This is not a diagnostic method that enables definitive 
diagnosis; it is routinely performed due to its high availability. 
The situation is entirely different when using endoscopic ultra-
sonography (EUS), which is more effective and sensitive than 
computed tomography (CT) for detecting lesions smaller than 
1 cm. Additionally, EUS allows for the collection of tissue 
samples for histopathological examination, which is essential 
for establishing a final diagnosis [25]. EUS also enables very 
precise determination of the T (Tumor) and N (Nodules) char-
acteristics, which are useful in tumor staging, i.e., assessing its 
clinical advancement. The drawbacks of this method include 
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the fact that it is not always possible to introduce the endo-
scope due to the patient’s severe condition, strictures within 
the upper gastrointestinal tract, or coagulation disorders.

Contrast-enhanced computed tomography (CT) or magnet-
ic resonance imaging (MRI) are additional imaging methods 
used in pancreatic cancer. CT performed with the so-called 
pancreatic protocol is considered the gold standard of diag-
nostics, as it allows not only the assessment of local tumor 
advancement but also the detection of both local and distant 
metastases [34]. Contrast-enhanced MRI can also be used in 
the diagnosis of pancreatic cancer, and unlike CT, it does not 
expose the patient to ionizing radiation. According to studies, 
MRI is the best method for detecting small pancreatic can-
cer metastases in the liver [34]. Additionally, MRI is recom-
mended for diagnosing potentially precancerous conditions in 
the pancreas, such as IPMN (intraductal papillary mucinous 
neoplasms), MCN (mucinous cystic neoplasms), or SCN (se-
rous cystic neoplasms) [35]. Certainly, the disadvantages of 
both examinations include the high cost of the required equip-
ment, limited availability in smaller centers, and, in the case 
of contrast studies, the risk of complications such as anaphy-
lactic reactions, contrast extravasation, or contrast-induced 
nephropathy.

ERCP, or endoscopic retrograde cholangiopancreatography, 
is an invasive diagnostic method. It is not routinely used in 
cases of suspected pancreatic cancer, despite its high sensitivi-
ty of 92% and even higher specificity of 96% [34]. Performing 
ERCP carries several risks, such as bleeding, gastrointestinal 
tract injury, acute pancreatitis post-ERCP, or acute cholangi-
tis. Additionally, it may not be feasible for all patients due to 
strictures, adhesions, or anatomical obstructions. Among the 
undeniable advantages of ERCP is the ability to obtain tissue 
samples for histopathological examination, visualize small 
neoplastic changes located in the common bile duct, and place 
stents in the bile ducts, particularly in palliative treatment pro-
tocols [34]. When a non-invasive method for imaging the bile 
ducts is required, magnetic resonance cholangiopancreatogra-
phy (MRCP) offers an alternative, also providing better visu-
alization of cystic lesions [28].

Ways of treatment
The treatment of pancreatic cancer remains a challenge and 

is associated with uncertain therapeutic outcomes. Treatment 
methods include conventional chemotherapy, surgical inter-
vention, or radiotherapy. The only chance for a permanent cure 
is radical surgery; unfortunately, this is feasible in only 20-
30% of cases. Moreover, the 5-year survival rate in this group 
of patients still does not exceed 20% [28].

Surgical treatment of pancreatic cancer can be performed 
using the Whipple or Traverso procedures. The Whipple pro-
cedure, in other words pancreatoduodenectomy, involves the 
removal of part of the pancreas, the duodenum, part of the py-
loric region of the stomach, and the gallbladder [34]. The Tra-
verso modification allows for the preservation of the stomach. 
In both cases, lymphadenectomy is also performed. These sur-
geries can be carried out either via traditional „open” surgery 
or laparoscopic techniques, which are more advantageous for 
the patient. Laparoscopy allows for earlier hospital discharge, 
better pain control, and quicker recovery; however, it is more 
technically demanding for the operating surgeon and requires 
considerable experience [8]. Currently, the postoperative mor-
tality rate in pancreatic cancer is approximately 3%, though in 

many cases, complete and radical tumor removal remains im-
possible [8]. The assessment of resectability can be classified 
into three categories. An R0 resection indicates the complete 
removal of the tumor, R1 indicates microscopic evidence of 
cancer cells in the postoperative specimen, and R2 indicates 
macroscopic tumor remnants visible to the surgeon. Research-
ers from Heidelberg University in Germany analyzed over 500 
patients who underwent surgery for pancreatic cancer. In this 
group, 20% of operations achieved R0 resection, while 80% 
resulted in R1 [36]. This study highlights that, despite employ-
ing risky and burdensome surgical treatments, only 2 out of 10 
patients may achieve a radical tumor resection, leaving cancer 
cells in the remaining cases incompletely removed.

Chemotherapy can be used as an induction treatment before 
a planned surgery to reduce tumor mass (neoadjuvant chemo-
therapy), as an adjuvant treatment following surgical resec-
tion, or in the form of palliative care.

The most effective chemotherapy regimen used in pancre-
atic cancer is FOLFIRINOX, which consists of fluorouracil, 
leucovorin, irinotecan, and oxaliplatin. This is an extremely 
intensive chemotherapy cycle, recommended for patients in 
good general condition [28]. It can cause neutropenia, gastro-
intestinal complications, and fatigue syndrome. According to 
studies, the FOLFIRINOX regimen extended patient survival 
to an average of 54 months, whereas treatment with gemcit-
abine, another chemotherapeutic agent used for pancreatic 
cancer, resulted in an average survival of 35 months [12]. Ad-
ditionally, FOLFIRINOX has a threefold higher objective re-
sponse rate compared to gemcitabine monotherapy [28]. The 
1-year survival rate also favors FOLFIRINOX (48% vs. 21%). 
The gemcitabine regimen, when used after surgery, extended 
the time to disease recurrence compared to surgery alone, from 
an average of 6.7 months to 13.4 months [12]. Monotherapy 
with gemcitabine is recommended for patients in poor general 
condition or in cases of locally advanced pancreatic cancer, 
combined with radiotherapy [8].

Preoperative (neoadjuvant) chemotherapy aims to reduce tu-
mor mass and eliminate micrometastases, which may be located, 
for example, in the liver [12]. A Dutch study demonstrated that 
patients undergoing surgery after receiving neoadjuvant chemo-
therapy had significantly longer survival times compared to those 
who underwent surgery alone – 26.1 months vs. 15 months [37]. 
Similar results were obtained in Denmark, where patients were 
divided into two groups: the first group received neoadjuvant 
chemotherapy followed by surgery, while the second group un-
derwent surgery without chemotherapy. In the first group, the me-
dian survival time was 17.1 months, while in the second group, it 
was 13.7 months [12]. Both studies clearly show that preoperative 
chemotherapy is effective and prolongs overall survival. Howev-
er, it is important not to overlook its side effects, such as nausea, 
vomiting, neutropenia, increased susceptibility to infections, po-
tentially prothrombotic effects, or chronic fatigue syndrome.

In the palliative treatment of metastatic pancreatic cancer, the 
FOLFIRINOX regimen may be used, which, particularly in pa-
tients with a good overall condition, results in an average survival 
increase of 4 months compared to gemcitabine therapy [12]. Bil-
iary stenting, gastric-intestinal or biliary-intestinal bypass proce-
dures are other interventions used in the palliative treatment of 
pancreatic cancer. These procedures aim to provide the patient 
with the best possible quality of life and alleviate pain. The cor-
nerstone of pain management is opioids, while in critical cases, 
celiac plexus neurolysis may be employed [28].
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CONCLuSIONS

Malignant pancreatic tumors continue to pose a significant 
therapeutic challenge. Despite multicenter studies and the 
rapid advancement of both surgery and clinical oncology, the 
survival rates for pancreatic cancer have not been acceptably 
improved. A number of factors involved in the pathogenesis 
of pancreatic adenocarcinoma have been identified, which 
enables health promotion and appropriate screening for in-
dividuals with non-modifiable risk factors. Unfortunately, 
despite these advancements, the vast majority of patients are 
diagnosed at an advanced stage of cancer development. This 
negatively affects overall survival, which remains one of the 
poorest among all malignant tumors. New chemotherapy regi-
mens are gradually extending patients’ survival, yet it is still 
measured in months. Some hope arises from reports on novel 
therapies, such as immunotherapy, gene therapy, or treatments 
using monoclonal antibodies. Unfortunately, most of these 
studies are still in the clinical trial phase.
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