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Pancreatic cancer is a lethal disease because incidence and 
mortality rates are nearly identical. The 5-year survival 
rate in Western countries is 4%, the lowest among all 
types of cancer (1). In China, pancreatic cancer is the 
sixth leading cause of death from malignant disease, with 
an overall cumulative 5-year survival rate of 1% to 3% 
(2,3). The indentified reported risk factors for pancreatic 
cancer in China are considered to be similar to those in 
Western countries (2,3). Patients with pancreatic cancer 
discovered by chance through imaging seem to have 
increased survival (4-6). Further more, recent evidence 
from genomic sequencing indicates a 15-year interval for 
genetic progression of pancreatic cancer from initiation 
to the metastatic stage, suggesting a sufficient window for 
early detection (7,8). Prior to the 1990’s, it was not widely 
appreciated how often pancreas cancer can be an inherited 
disease. Now we know that individuals with abnormalities 
in certain genes, such as BRCA2, p16, hereditary non-
polyposis colorectal cancer, and individuals with histories 
of familial pancreatitis and Peutz-Jeghers syndrome are 
all predisposed to pancreatic cancer (9-14). These are 
important discoveries. However, pancreatic cancer is still 
diagnosed in only 10% of patients with known risk factors, 
the other 90% percent are considered sporadic cancers with 
no currently known risk factors (4,12).

An ideal pancreatic cancer screening test should be a 
safe, inexpensive, highly accurate test that reliably diagnoses 
pancreas cancer at a stage when it is not causing symptoms in 
the patient. This would provide that person the opportunity 
to take appropriate and effective action to treat and 
potentially cure the disease. Currently, a serum screening test 
for pancreas cancer to meet these demands is not available. 
Serum CA 19-9 is the most extensively validated pancreatic 
cancer biomarker. CA 19-9 serum levels have a sensitivity 
and specificity of 79-81% and 82-90% respectively for the 
diagnosis of pancreatic cancer in symptomatic patients; but 
are not useful as a screening marker because of low positive 
predictive value (0.5-0.9%) (15). Due to the inability of CA 
19-9 to identify early potentially curable disease, several 
other markers have been studied, including SPAN-1, CA-
50, DUPAN-2, elastase-1, tissue polypeptide antigen and 
tissue polypeptide-specific antigen. These markers have not 
performed nearly as well as the CA 19-9 (16). Population 
screening with radiographic imaging or endoscopic 
procedures makes no clinical or economic sense for a cancer 
that represents only 3% of estimated new cancers each 
year (4). However it may be reasonable to screen high-
risk cohorts of patients using imaging; including patients 

with chronic pancreatitis, individuals with a family history 
of pancreatic cancer, patients with hereditary pancreatitis, 
Peutz-Jeghers syndrome, cystic fibrosis or familial atypical 
multiple mole melanoma. Precursor lesions include 
pancreatic intraepithelial neoplasia and intraductal papillary 
mucinous neoplasia. The yield of high-risk cohorts patients 
screening programs reported in the literature ranges from 
1.3% to 50% (4,8). Intraductal papillary mucinous neoplasia 
has consensus-guideline indications for resection (17). All 
symptomatic pancreas cysts should undergo resection, and 
mucinous cystic neoplasms should be resected (17).

Recently Del Chiaro et al. of the Karolinska Institute, 
Stockholm, Sweden, and coauthors analyzed short-term 
results from a magnetic resonance imaging (MRI)-based 
screening program for individuals at high risk of pancreatic 
cancer (18). The study included 40 patients (24 women and 
16 men with an average age of nearly 50). Inclusion criteria 
met the current recommendations of the International 
Cancer of the Pancreas Screening Consortium for high-
risk patients, namely, individuals from a familial pancreatic 
cancer kindred with at least 2 affected first degree relatives; 
patients with Peutz-Jeghers syndrome; and p16, BRCA2, or 
BRCA1 mutation carriers. In 38 of the patients, increased 
risk of the disease was based on family history of pancreatic 
cancer. BRCA2, BRCA1 and p16 gene mutations were 
identified in some patients. The average study follow-up 
was 12.9 months, with MRI screening repeated after 1 year 
if the initial screen was negative or at 6 months if there were 
unspecific findings or findings that did not indicate surgery. 
MRI revealed a pancreatic lesion: intraductal papillary 
mucinous neoplasia (14 patients, 35%) and pancreatic 
ductal adenocarcinoma (2 patients, 5%). One patient had a 
synchronous intraductal papillary mucinous neoplasia and 
pancreatic ductal adenocarcinoma. Five patients (12.5%) 
required surgery (3 for pancreatic ductal adenocarcinoma 
and 2 for intraductal papillary mucinous neoplasia), while 
the remaining 35 are under continued surveillance.

The imaging methodology for pancreas cancer 
screening is mainly MRI with magnetic resonance 
cholangiopancreatography (MRCP), or biopsy or fine-
needle aspiration using endoscopic ultrasound (EUS) 
(19-24) .  EUS also has the unique ability to obtain 
specimens for histopathological diagnosis using EUS-guided 
FNA. MRCP allows non-invasive delineating the pancreatic 
ductal system, and detecting subtle ductal narrowing that 
may suggest the presence of a small mass (23). MRI with 
MRCP allows more successful tumor detection at an early 
stage than multi-detector CT (23). However, small or non-
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contour-deforming pancreatic adenocarcinomas may lack 
classic imaging features and thus may not be detected on 
conventional MRI (25). The use of functional imaging 
methods such as diffusion-weighted imaging may allow 
earlier detection of pancreatic adenocarcinoma (26,27).

Currently, the challenge remains to validate strategies 
for early diagnosis and show that they reduce pancreatic 
cancer-specific mortality rates. This issue has been highly 
controversial in other cancers, including prostate cancer, 
breast cancer, and lung cancer (4,28-32). Surgical and 
radiation interventions are associated with morbidities that 
are sometime significant in many patients. In the US Prostate, 
Lung, Colorectal, and Ovarian Cancer study, a large number 
of excess tumors were detected in the screening group but 
without a reduction in mortality (28,32). Screening programs 
all carry potential biases that could overestimate the benefits 
of the screening intervention (Figure 1), including among 
others, lead-time and length biases (Figures 2,3). Another 
disadvantage of imaging of screening programs is the cost 
and high rate of clinically irrelevant false-positive findings (30). 
Poruk et al. (4) summarized seven studies for pancreatic 
cancer screening. Of the total 410 high-risk patients, 43 
patients underwent surgical resection because of suspicion 
for malignancy. Eight cases of invasive pancreatic ductal 
adenocarcinoma were identified, resulting in a diagnostic 
yield for malignancy of 1.95% (8/410) (4). It is clear that a 
limiting feature of imaging-based screening programs is the 
relatively high rate of identification of benign lesions that 

subsequently require additional invasive evaluation. 
One principal obstacle to effective surveillance is the lack of 

knowledge about the natural history of premalignant lesions 
of the pancreas, as well as the lack of criteria for reliable 
prediction of progression and outcome of these lesions in 
individual high-risk patients (Figure 4). In a retrospective 
cohort study, Chernyak et al. (33) demonstrated lack of increase 
in overall mortality in patients over 65 years with pancreatic 
cysts. Despite elevated risk of ductal adenocarcinoma and cyst 
related malignancies (mucinous cystic neoplasm and intraductal 
papillary mucinous carcinoma), there was no increase in all-
cause mortality in patients over 65 years. Incidental pancreatic 
cysts were associated with increased all-cause mortality only 
in patients younger than 65 years. There is also a risk of 
over-treating an indolent condition in those patients where 
pancreatic intraepithelial neoplasias and intraductal papillary 
mucinous neoplasms do not lead to pancreatic cancer. In 2007 
Rubenstein et al. (34) created a model for 45-year-old male 
first-degree relatives from patients with familial pancreatic 
cancer and chronic pancreatitis on EUS. A “do-nothing”-
strategy provided the best life expectancy for patients with 
increased risk and the lowest cost compared with prophylactic 
total pancreatectomy and annual surveillance by EUS with or 
without fine-needle aspiration. Owing to the high mortality of 
even localized pancreatic cancer, efforts with regards to early 
diagnosis only have a minimal impact on life expectancy, even 
with 100% test accuracy. 

The American Cancer Society strongly recommends that 

Figure 1 The Mayo Lung Project (MLP) was a randomized, controlled clinical trial of lung cancer screening that was conducted in 9,211 
male smokers between 1971 and 1983 (intervention arm, n=4,618; usual-care arm, n=4,593). The intervention arm was offered chest X-ray 
and sputum cytology every 4 months for 6 years. Extended follow-up of MLP participants did not reveal a lung cancer mortality reduction 
for the intervention arm. The median follow-up time was 20.5 years. Lung cancer mortality was 4.4 [95% confidence interval (CI), 3.9-4.9] 
deaths per 1,000 person-years in the intervention arm and 3.9 (95% CI, 3.5-4.4) in the usual-care arm (two-sided P: for difference =0.09). 
Similar mortality but better survival for individuals in the intervention arm indicates that some lesions with limited clinical relevance may 
have been identified in the intervention arm. Data from Marcus PM, Bergstralh EJ, Fagerstrom RM, Williams DE, Fontana R, Taylor WF, 
and Prorok PC. Lung cancer mortality in the Mayo Lung Project: Impact of extended follow-up. J Natl Cancer Inst 2000;92:1308-16.
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Figure 2 Screening programs have potential biases that make demonstration of benefit difficult. In lead-time bias, earlier detection of 
tumors via screening (scenario A) may seem to result in longer survival than control subjects identified by clinical symptoms (scenario B); 
however, the natural history of the tumor may not have been altered. Modified from reference (29).

Figure 3 In this schematic, a screening tool has been applied to a hypothetical population of patients at intervals. Each patient is represented 
by a bar. The length of the bar represents the cancer-related survival of the patient. Length bias refers to the tendency of screening programs 
to identify patients with more favorable tumor biology (i.e., slower growth rates or less risk of metastasis), whereas patients with tumors with 
aggressive biology (rapidly growing tumors or those with a high risk of metastasis) may not be identified because of a short natural history 
until death. The finding of longer survival in patients identified through screening may not be related to the screening intervention—the 
benefit could lie in the natural history of these tumors. Modified from reference (29).
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anyone considering genetic testing talk with a genetic counselor, 
nurse, or doctor qualified to interpret and explain the test results 
before they proceed with testing (35). Talking to someone with 
experience in hereditary cancer syndromes such as a genetic 
counselor, geneticist, or an oncologist is often helpful. However, 
most of the changes in the DNA and other molecules in the 
pancreas cells that give rise to pancreatic cancer are not inherited 
and occur as the result of other factors such as smoking, diet, and 
age (4). It is hoped that in the future, specific and more sensitive 
screening serum biomarker based tests can be developed, and 
such screening test will be able to detect pancreatic cancer 
at an early stage when it still cannot be visualized even using 
state-of-the-art diagnostic imaging techniques.

In conclusion, the key question for pancreas cancer screening 
remains unresolved as to whether or not the survival of afflicted 
patients is actually increased with early detection, and whether 
the population death rate from pancreatic cancer is decreased. 
While several international societies recommend a surveillance 
program for individuals at risk for developing pancreatic cancer, 
the actual efficacy of such preventive programs has not been 
validated so far. Del Chiaro et al.’s current study (18), with high 
positive yield and using non-invasive MR imaging protocol, add 
valuable information for future synthetic analysis. In addition, 
with further development of MRI data acquisition and 
image reconstruction (36-38), MR imaging is becoming 
faster and the cost-effectiveness is likely to further improve.
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