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Abstract

Pancreatic cancer is the seventh leading cause of cancer-related deaths worldwide with 432,242 

related deaths in 2018. Unlike other cancers, the incidence of pancreatic cancer continues to 

increase, with little improvement in survival rates. We review the epidemiologic features of 

pancreatic cancer, covering surveillance and early detection in high-risk persons. We summarize 

data on worldwide incidence and mortality and analyze the 1975–2016 data from 9 registries of 

the National Cancer Institute’s Surveillance, Epidemiology, and End Results study, on the overall 

burden of pancreatic cancer as well as age-, sex-, and race-specific incidence, survival rates and 

trends. It is important to increase our knowledge of the worldwide and regional epidemiologic 

features of and risk factors for pancreatic cancer, to identify new approaches for prevention, 

surveillance, and treatment.
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Pancreatic cancer is an increasingly common disease around the world. Most pancreatic 

cancers (>85%) are adenocarcinoma. Knowledge of both global and local epidemiology and 

risk factors for pancreatic cancer is essential for contemporary gastroenterology practice.
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Global Burden

Globally, pancreatic cancer is the twelfth most common cancer in men, the eleventh 

most common cancer in women, and the seventh leading cause of cancer-related deaths. 

Pancreatic cancer is associated with increasing age, and men have slightly higher incidence 

rates than women.1 Based on the International Agency for Research on Cancer’s (IARC) 

GLOBOCAN cancer incidence and mortality estimates, there were 458,918 new cases and 

432,242 deaths from pancreatic cancer worldwide in 2018, corresponding to 2.5% of all 

new cancer diagnoses and 4.5% of all cancer deaths, respectively.1 Given the low survival 

associated with pancreatic cancer, incidence and mortality rates nearly mirror each other. 

In 2018, the global age-standardized incidence and mortality rates for pancreatic cancer 

were 4.8 and 4.4 per 100,000 persons, respectively.2 The incidence of pancreatic cancer has 

increased over recent decades and is projected to continue to rise.3,4 Some proposed reasons 

for the observed increase in incidence rates include rates of tobacco smoking, obesity, 

diabetes mellitus, physical inactivity, and consumption of high-calorie/fat diets in certain 

countries,5–8 combined with improvements in the clinical recognition and diagnosis of 

pancreatic cancer, and an increasing life expectancy of the global population.9,10 Pancreatic 

cancer is predicted to soon surpass breast cancer in the European Union to become the third 

most common cause of cancer-related death,11 as it has already done in the United States 

(U.S.).4

Variations in Incidence Across Countries

Pancreatic cancer rates are three to four times higher in developed countries, with the 

world’s highest incidence rates seen in Europe (age-standardized rate (ASR) of 7.7 per 

100,000) and North America (ASR of 7.6 per 100,000),1 while the lowest rates of pancreatic 

cancer are seen in Africa (ASR of 2.2 per 100,000)1 and South-Central Asia (ASR <2.0 

per 100,000)9. There is a striking difference in reported pancreatic cancer incidence rates 

between the country with the highest rate, Hungary (ASR 10.8 per 100,000), and the country 

with the lowest rate, Guinea (ASR 0.35 per 100,000).12 Countries with higher Human 

Development Index scores and Gross Domestic Product per capita have notably higher 

pancreatic cancer case numbers.13 Potential differences among populations to account for 

these discrepancies in incidence rates include lifestyle habits such as tobacco use and rates 

of metabolic syndrome/obesity,6–8,14,15 as well as differences in cancer detection, detailed 

cancer registries and other competing country-specific causes of death. However, large-scale 

studies describing what factors account for the differences in pancreatic cancer rates across 

countries are lacking.

Pancreatic Cancer in the United States

Burden and secular trends:

Overall, pancreatic cancer accounts for about 3% of all cancers in the U.S. and about 

7% of all cancer deaths. In the U.S., an estimated 56,770 persons (29,940 males and 

26,830 females) will be newly diagnosed with pancreatic cancer in 2019, and about 45,750 

persons (23,800 males and 21,950 females) will die from their disease. In 2016, pancreatic 

cancer surpassed breast cancer to be the number three cancer killer in the U.S.4,16 The 
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epidemiology of pancreatic cancer has changed over time in the U.S. For the purpose of this 

review, we analyzed the most recent data on pancreatic adenocarcinoma, referred to here 

by the general term pancreatic cancer, from the SEER 9 registries. These registries cover 

approximately 10% of the U.S. population, where 94,559 cases of invasive pancreatic cancer 

were diagnosed in SEER 9 registries between 1975 and 2016. Pancreatic adenocarcinoma 

diagnosis was defined by International Classification of Diseases for Oncology, third edition 

codes (primary site codes C25.0-C25.3 and C25.7-C25.9) in combination with restricting to 

microscopically confirmed cases (criteria included positive histology, positive cytology, and 

positive microscopic confirmation, with method unspecified). The overall incidence rate for 

pancreatic cancer during 1975–2016 was 9.3 per 100,000 person-years. Pancreatic cancer 

incidence rates increased from 8.3 per 100,000 person-years in 1975 to 11.0 per 100,000 

person-years in 2016. It is projected that within the next one to two decades, pancreatic 

cancer will surpass colorectal cancer to be the second leading cause of cancer-related deaths 

and the number one digestive organ cancer killer in the U.S.17

Using the NCI’s Joinpoint program (version 4.1.1; http://surveillance.cancer.gov/joinpoint), 

joinpoint regression identified two inflection points (in 1984 and 1994). The overall age

standardized incidence rates for pancreatic cancer rose by 0.78% (95% confidence interval 

[CI], 0.54%−1.02%) annually between 1975 and 2016. Between 1994 and 2016, pancreatic 

cancer incidence rates have increased at a rate of 1.47% (95% CI, 1.30%−1.63%) per year. 

In comparing the trend in incidence rates of major U.S. cancer types (prostate, breast, lung 

and bronchus, colorectal and pancreatic cancer) from 1975–2016, pancreatic cancer is the 

only malignancy with a constant and steady increase in incidence over that time period 

(Figure 1). Prostate and breast cancer incidence rates have overall increased but with a more 

recent declining trend, whereas the incidence rates of lung and colorectal cancer have overall 

decreased over the last four decades (Figure 2).18

Like most cancers, incidence rates for pancreatic cancer in the U.S. increase with increasing 

age, and the disease is rare among adults under the age of 50. In the SEER 9 registries, 

only 7.0% (n=6,600) of pancreatic cancer cases diagnosed between 1975 and 2016 were 

in individuals who were younger than 50 years of age at diagnosis date. Although the 

absolute incidence rate among individuals under age 50 in the U.S. is still low (1.0/100,000), 

pancreatic cancer incidence has increased both among individuals aged <50 years (average 

annual percent change [AAPC] between 1991–2016, 1.44%; 95% CI, 1.00%−1.88%) and 

≥50 years (AAPC between 1995–2016, 1.48%; 95% CI, 1.31%−1.66%).

Among all incident pancreatic cancer cases in SEER 9 registries diagnosed between 1975 

and 2016, there were almost equal numbers of males (51.7%) and females (48.3%). Between 

1975 and 2016, pancreatic cancer incidence rates increased at an average of 0.38% per year 

in males (AAPC, 0.38%; 95% CI, 0.15%−0.60%) and 1.12% per year in females (AAPC, 

1.12%; 95% CI, 0.68%−1.55%).

The incidence rates for pancreatic cancer are higher among Blacks (12.9/100,000 

from 1975–2016) than Whites (9.1/100,000 from 1975–2016) in the U.S. However, age

standardized pancreatic cancer incidence rates increased at a faster rate among Whites 

(AAPC, 0.82%; 95% CI, 0.55%−1.09%) than Blacks (AAPC, 0.33%; 95% CI, 0.14%

Khalaf et al. Page 3

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://surveillance.cancer.gov/joinpoint


−0.52%) between 1975 and 2016. In 2016, the age-standard rate for pancreatic cancer 

was 14.0/100,000 (95% CI, 12.7–15.3) in Blacks and 10.8/100,000 (95% CI, 10.5–11.3) in 

Whites.

Prognosis for patients with pancreatic cancer:

In the U.S., the overall 5-year relative survival rate for patients diagnosed with pancreatic 

cancer is among the lowest for all cancer types. However, 5-year relative survival rates 

have improved modestly from 2.0% (95% CI, 1.7%−2.4%) for individuals diagnosed with 

pancreatic cancer in the U.S. between 1975 and 1979 to 9.2% (95% CI, 8.7%−9.8%) for 

those diagnosed between 2007 and 2011. The most important prognostic factor is tumor 

stage at diagnosis, supporting the critical role for early detection for pancreatic cancer and 

margin-negative surgical resection. Although the proportion of unstaged cases decreased 

between 1975 and 2016 (from 11% to 2%), the proportion of pancreatic cancer cases 

with localized, regional, or distant stage disease (when excluding unstaged cases) remained 

relatively stable over time (Figure 3). Strikingly, >50% of pancreatic cancer patients in 

the U.S. are still diagnosed with distant stage disease and only around 10% are diagnosed 

with localized and therefore resectable disease. For those diagnosed with pancreatic cancer 

between 2007 and 2011 in the U.S., 5-year relative survival rates decrease from 35.6% in 

the small proportion of pancreatic cancer patients with localized tumors, to 12.5% and 3.4% 

for patients with regional and distant stage tumors, respectively (Figure 4). White patients 

had slightly better stage-adjusted survival rates compared to Black patients (Figure 5). These 

findings are in keeping with prior U.S. studies in which racial disparities in pancreatic 

cancer-associated survival rates are seen, with worse survival among Black patients.19,20

Risk Factors for Pancreatic Cancer

Important modifiable pancreatic cancer risk factors21 include tobacco smoking5,7,8,22, 

obesity,7,23–25 physical inactivity23,24,26 and diet type.22,27 Cigarette smoking is the most 

important environmental factor with a population attributable risk estimated at ~25%.28 

Several prospective studies have shown a positive association between red meat and animal 

fat and risk of pancreatic cancer,29,30 as well as an inverse association between fruits, 

vegetables, and folate.31,32 In addition, adherence to the Healthy Eating Index 2005 and 

Mediterranean dietary pattern have been associated with decreased risk of pancreatic 

cancer.33–35 There is no consistent association between vitamin D supplementation and 

pancreatic cancer risk.27,36 Other established risk factors for pancreatic cancer that 

are potentially identifiable in clinical practice21 include inherited or acquired cancer

predisposing genetic mutations/familial syndromes,37–40 mucinous pancreatic cysts,41,42 

diabetes mellitus,7,43,44 and chronic pancreatitis.45 There is modest quality evidence for 

a weak association between certain chronic infections (hepatitis B and C and Helicobacter 
pylori) and increased pancreatic cancer risk.21,46 Though heavy alcohol consumption is a 

known risk factor for acute and chronic pancreatitis, the data are insufficient to support 

its role as an independent risk factor for pancreatic cancer.47,48 In the largest prospective 

cohort study on the topic, short- or long-term use of aspirin or non-aspirin nonsteroidal anti

inflammatory drugs was not associated with future risk of pancreatic cancer.49 Similarly, 

statin and metformin use do not seem to decrease the risk of developing pancreatic cancer, 
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though there is some data supporting a survival benefit in persons on these medications after 

pancreatic cancer diagnosis.50–53

From Epidemiology to Practice

Epidemiological findings should be used to guide both primary prevention through lifestyle 

modification and secondary prevention through the identification and targeted screening of 

high risk groups with the goal of cancer prevention and early detection.

Primary cancer prevention:

Building on the epidemiological data summarized above, additional data support that 

avoiding tobacco use, participating in regular physical activity, and maintaining a healthy 

weight and diet type can make a significant impact at the population level on reducing 

pancreatic cancer risk.21 In the Women’s Health Initiative (WHI) dietary modification (DM) 

randomized controlled trial, a dietary intervention emphasizing a lower-fat dietary pattern 

that incorporated higher intake of fruits, vegetables, and grains was associated with reduced 

pancreatic cancer incidence in post-menopausal women who were overweight or obese.54

Surveillance and Risk Stratification—Improving early detection is critical for 

improving survival in pancreatic cancer. Carbohydrate antigen (CA) 19–9 is the only 

approved diagnostic marker for pancreatic cancer, however it has limited potential as an 

early detection tool due to low sensitivity and specificity in early stage disease.55 There are 

currently no recommended screening programs at the general population level for pancreatic 

cancer due to its overall low prevalence rate and lack of an easily recognizable and treatable 

precancerous state.56 However, for populations with an estimated lifetime risk of pancreatic 

cancer of >5%, some clinical practice guidelines recommend enrollment in surveillance 

programs.57 Among high-risk patients prospectively enrolled from 1998–2014 in the Johns 

Hopkins Cancer of the Pancreas Screening program, 3.4% of patients (12 of 354) developed 

pancreatic cancer over the 16 year follow-up period. Most pancreatic cancers detected 

during surveillance were early-stage, resectable tumors (71%) with overall 3-year survival 

rates significantly higher than those seen in sporadic pancreatic cancer cases in the U.S. 

(57% vs. 8.9%).58 Four major at-risk cohorts have been identified as candidates for targeted 

screening: patients with germline mutations or family history of pancreatic cancer, mucinous 

cysts, new onset-diabetes, and patients with pancreatitis.42

Patients with germline mutations or family history of pancreatic cancer.

Consensus recommendations support the enrollment in surveillance programs for those 

with known genetic syndromes association with pancreatic cancer; those with two relatives 

with pancreatic cancer, one of whom is a first-degree relative; those with three or 

more relatives with pancreatic cancer; or those with a history of hereditary pancreatitis 

(most commonly from PRSS1 gene mutation).59,60 Genetic mutations and syndromes 

associated with pancreatic cancer include familial pancreatic cancer syndrome, hereditary 

pancreatitis, familial atypical multiple mole melanoma syndrome, Peutz-Jeghers syndrome, 

and a subset of Lynch syndrome patients and those with specific germline mutations 

in pancreatic-cancer predisposing genes (e.g., BRCA1, BRCA2, ATM, PALB2).60 The 
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recommended surveillance program for such patients includes pancreatic imaging with 

endoscopic ultrasound or magnetic resonance imaging (MRI) annually, beginning at age 50 

or 10 years younger than the earliest case of pancreatic cancer in the family.60

Mucinous pancreatic cysts.

Published guidelines utilize mucinous cyst features such as cyst subtype, size, growth 

rate, presence of mural nodule, enhancing cyst wall, and pancreatic duct dilatation to 

predict risk of malignant transformation.41,61 This approach does not take into consideration 

potentially important epidemiological- and patient-specific features. Intraductal papillary 

mucinous neoplasms (IPMNs), the most common mucinous cyst type, account for ~25% 

of all cystic pancreatic neoplasms62 and are defined by growth within the pancreatic ducts 

and production of mucin.61 The lifetime risk of progression of IPMNs to invasive pancreatic 

adenocarcinoma varies widely, from as low as 6 to as high as 92%,63 highlighting the need 

for appropriate risk stratification. Though demographic (age, gender), clinical (obstructive 

jaundice, acute pancreatitis) and radiographic (cyst features, rate of cyst growth) factors 

have been associated with cancer risk,63–65 most patients who undergo surgery for what are 

deemed “high-risk” IPMNs do not have high grade dysplasia or malignancy on pathology.66 

Unfortunately, limited tools exist to accurately risk stratify the neoplastic potential of 

IPMNs in clinical practice, and practice guidelines vary by society with deficiencies in 

each.61,64,66,67

New-onset diabetes.

An estimated 50% of pancreatic cancer patients develop diabetes mellitus prior to their 

cancer diagnosis, and patients with recently diagnosed or new-onset diabetes have the 

highest cancer risk due to a paraneoplastic phenomenon.68–71 However, only the vast 

minority (~1%) of patients with diabetes aged 50 and above will be diagnosed with 

pancreatic cancer within the 3 years following diabetes diagnosis,68 making the usefulness 

of new-onset or worsening diabetes in and of itself an inadequate marker for future cancer 

diagnosis. Therefore, two risk stratification models have emerged in the cohort of patients 

with new-onset diabetes. The clinical prediction model developed by Boursi et. al from The 

Health Improvement Network (THIN) database utilizes multiple anthropometric, behavioral, 

and laboratory variables including age, smoking, indices of diabetes severity, change in body 

mass index, medications, and alkaline phosphatase level in a defined population of patients 

with new onset diabetes age 35 and above.72 The model achieves a sensitivity of 45% and 

specificity of 94% at a 1% probability cutoff (positive predictive value of 2.6%).72 The 

Enriching New-Onset Diabetes for Pancreatic Cancer (END-PAC) risk stratification model 

described by Sharma et. al stratifies a population of patients with new-onset diabetes at age 

50 and above into high-, intermediate- and low-risk categories for pancreatic cancer based 

on three factors: change in weight, change in blood glucose, and age at onset of diabetes. 

Those with high END-PAC scores of ≥3 are categorized as high-risk, and in the absence of 

an obvious cause for the clinical changes such as steroid use, are recommended to undergo 

clinical work up for pancreatic cancer.73
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Chronic pancreatitis.

Chronic pancreatitis is a fibro-inflammatory pancreatic syndrome with common features of 

abnormal pancreatic architecture (e.g, glandular fibrosis and atrophy), clinical symptoms 

(e.g., pain) and organ dysfunction (e.g., exocrine and endocrine insufficiency).74 Patients 

with chronic pancreatitis are at an increased risk of pancreatic cancer compared to the 

general population. Approximately 5% of chronic pancreatitis patients will be diagnosed 

with pancreatic cancer over the two decades following their pancreatitis diagnosis,75,76 

believed at least in part a consequence of chronic inflammation and hyperproliferative 

stellate cells leading to a microenvironment conducive to malignant transformation.77 

Among patients with non-hereditary or acquired chronic pancreatitis, the risk of pancreatic 

cancer is further increased with cigarette smoking and in the setting of new-onset diabetes 

mellitus.76,78,79

Among patients with hereditary or tropical pancreatitis, the risk of pancreatic cancer is 

markedly increased compared to the general population and is also higher compared to 

other groups of chronic pancreatitis patients. In a meta-analysis of 22 studies, the summary 

relative risks (RRs) for pancreatic cancer were 5.1 (95% CI, 3.5–7.3) for unspecified 

pancreatitis, 13.3 (95% CI, 6.1–28.9) for chronic pancreatitis, and 69.0 (95% CI, 56.4–84.4) 

for hereditary pancreatitis.75

Hereditary pancreatitis, an autosomal dominant disease related to mutations in the PRSS1 
gene, has classically been reported to carry an incredibly high risk of pancreatic cancer, with 

a major study of 200 patients showing a cumulative cancer risk of 49% for men and 55% for 

women by age 75.80 However, in the largest U.S.-specific cohort of hereditary pancreatitis 

patients (217 patients), this risk was reported as much lower, with a cumulative risk of 7.2% 

(95% CI 0–15.4) at 70 years of age.81

Despite a well-known increased cancer risk, evidence only supports the benefit of 

screening for pancreatic cancer among the rare subgroup of patients with hereditary chronic 

pancreatitis.75 Otherwise, investigating for the presence of pancreatic cancer among chronic 

pancreatitis patients can be considered in those with new or worsening symptoms such as 

glucose intolerance, weight loss, malabsorption or pain. Screening for pancreatic cancer 

among asymptomatic chronic pancreatitis patients or those without new or worsening 

symptoms is not recommended.

Acute pancreatitis.

Studies suggest risk of pancreatic cancer among acute pancreatitis patients ranges from 0.4–

17%82–85 depending on the subpopulation, with highest rates described in those over age 

40 with nonalcohol-, nongallstone-related disease. Risk of pancreatic cancer in the first year 

after acute pancreatitis in patients under age 40 is negligible, while rates rise with increasing 

age, from 7.7/1000 in the fifth decade of life to 28.7/1000 after age 70.84 Therefore, acute 

pancreatitis in persons without obvious cause (gallstones, alcohol, etc.), particular in older 

patients, should prompt suspicion for a possible underlying tumor as the inciting cause. 

There is also evidence that in the absence of acute pancreatitis occurring because of a 

malignancy (i.e., cancer diagnosis within a short period after acute pancreatitis episode), 
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there is a two-fold increased risk of pancreatic cancer compared to the general population 

even up to 5 years after pancreatitis episode.86

Though a handful of higher risk groups have been well-described, additional work is 

needed to develop improved risk prediction models, noninvasive early detection tests such as 

circulating biomarkers, and improved imaging techniques better able to identify small/early 

tumors.

Summary

Here we present an up to date summary of global and national incidence data on pancreatic 

cancer, a detailed overview of incidence and survival trends over time in the U.S. population, 

and a description of established as well as suspected risk factors. Our study results 

highlight that the incidence of pancreatic cancer continues to rise in the U.S., and little 

improvement in detection at early stage disease or survival has been made over the past 

several decades. Established risk factors include tobacco smoking, obesity, diet type, those 

with genetic disorders or family history of pancreatic cancer, mucinous pancreatic cysts, 

and acute and chronic pancreatitis. By increasing awareness of high risk groups, screening 

recommendations, and modifiable and nonmodifiable risk factors for pancreatic cancer, 

clinicians and public health providers can make more informed decisions about patient’s 

risk, prevention, and need for surveillance.
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Figure 1: 
Trends in age-standardized incidence rates for pancreatic cancer in the United States 

between 1975 and 2016. Source: SEER 9 registries.
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Figure 2: 
Trends in age-standardized incidence rates for (A) prostate cancer (men only), (B) breast 

cancer (women only), (C) lung cancer and (D) colorectal cancer in the United States 

between 1975 and 2016. Source: SEER 9 registries.
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Figure 3: 
Stage distribution of incident cases of pancreatic cancer in the United States between 1975 

and 2016. Source: SEER 9 registries.
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Figure 4: 
One and five year relative survival rates for patients with pancreatic cancer in the United 

States between 2007 and 2011 by stage at diagnosis. Source: SEER 9 registries.
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Figure 5: 
One and five year relative survival rates for patients with pancreatic cancer in the United 

States between 2007 and 2011 by race and stage at diagnosis. Source: SEER 9 registries.
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