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Abstract

Acute pancreatitis (AP), chronic pancreatitis (CP) and pancreatic cancer are three
distinct pancreatic diseases with different prognoses and treatment options.
However, it may be difficult to differentiate between benign and malignant
disease. AP may be a first symptom of pancreatic cancer, particularly in patients
between the ages of 56 and 75 with presumed idiopathic AP who had a
concomitant diagnosis of new-onset diabetes mellitus or patients who present
with CP at diagnosis of AP. In these patients, additional imaging is warranted,
preferably by endoscopic ultrasonography. CP may lead to pancreatic cancer
through oncogenic mutations, mostly in patients with hereditary CP, and in
patients in whom risk factors for pancreatic cancer (e.g., nicotine and alcohol
abuse) are also present. Patients with PRSS1-mediated CP and patients with a
history of autosomal dominant hereditary CP without known genetic mutations
may be considered for surveillance for pancreatic cancer. Pancreatic inflammation
may mimic pancreatic cancer by appearing as a focal mass-forming lesion on
imaging. Differentiation between the above mentioned benign and malignant
disease may be facilitated by specific features like the duct-penetrating sign and
the duct-to-parenchyma ratio. Research efforts are aimed towards developing a
superior discriminant between pancreatitis and pancreatic cancer in the form of
imaging modalities or biomarkers. This may aid clinicians in timely diagnosing
pancreatic cancer in a potentially curable stage.
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Core Tip: It is essential to distinguish acute pancreatitis and chronic pancreatitis (CP)
from pancreatic ductal adenocarcinoma (PDAC), as these diseases have different
treatment options and prognoses. Idiopathic acute pancreatitis may be a first symptom
of PDAC, and endoscopic ultrasonography should therefore be considered. CP may
obscure PDAC, and long-standing inflammation may cause PDAC, especially in
hereditary CP and patients with a history of nicotine and alcohol abuse. Patients should
be counselled in cessation of tobacco and alcohol use. Pancreatitis may mimic PDAC
by presenting as a mass on imaging. Specific imaging features can aid in the differen-
tiation between benign and malignant disease.
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INTRODUCTION

Acute pancreatitis (AP) and chronic pancreatitis (CP) are inflammatory diseases of the
pancreas. While AP is sudden and transient, CP is a longstanding inflammation of the
pancreas characterized by pancreatic calcifications and exocrine pancreatic insuffi-
ciency. In CP, bouts of so-called acute-on-chronic episodes of pancreatitis may also
occur.

Both AP and CP are benign diseases that are, in different ways, associated with
pancreatic ductal adenocarcinoma (PDAC). Although these are three separate disease
entities, inflammation and cancer can co-exist, and inflammation may cause cancer
while cancer may also cause inflammation. This entails they are not always easy to
distinguish from each other. As the treatment and prognosis of AP, CP and PDAC are
completely different, it is important to understand the nature of the association
between these diseases and be able to take the proper diagnostic steps to gather the
correct diagnosis and subsequent treatment options.

In this review, we will focus on the relationship between AP, CP and PDAC and
how to distinguish between these three disease entities.

CLINICAL CASE: A 64-YEAR-OLD MAN WITH ABDOMINAL PAIN

A 64-year-old man visited the emergency department with acute abdominal pain in
the epigastric region. Laboratory tests revealed an amylase level of 2100 U/L (normal
<107 U/L), a lipase level of 5548 U/L (normal 13-60 U/L) and normal liver enzymes,
calcium and triglycerides. Computed tomography (CT) showed inflammation of the
head of the pancreas (Figure 1). The patient was admitted with AP, received fluid
resuscitation therapy and analgesics. Transabdominal ultrasound showed no cause for
the AP episode. After 3 d, the patient was discharged with a diagnosis of idiopathic
AP.

Approximately 1.5 years later, this patient was readmitted with a recurrent AP
episode. CT of the abdomen revealed inflammation of the pancreas with a splenorenal
fluid collection and slight dilatation of the pancreatic duct in the tail of the pancreas
(Figure 2). Additional magnetic resonance imaging (MRI) showed a hypo-intense
lesion in the pancreatic tail, causing a stenosis of the pancreatic duct (Figure 3).
Endoscopic ultrasonography (EUS) with biopsy confirmed the diagnosis of PDAC
(Figure 4). The patient underwent a pancreatic tail and spleen resection, and pathology
revealed a radically resected T3ANO PDAC.
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Figure 2 Abdominal computed tomography imaging of acute pancreatitis. In the pancreatic tail, a dilatation of the pancreatic duct can be observed.
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AP AND PANCREATIC CANCER

The incidence of AP is rising, with a median increase of 3.4% per year[1]. Reported
incidence rates ranges from 9.8 to 100 per 100000 in Europe and rise with age[1-3]. AP
is often caused by alcohol or gallstone disease, although the incidence of these
etiologies differ geographically[1].

A strong association between AP and PDAC has been established through multiple
studies. A recent systematic review and meta-analysis by Liu et al[4] included 11
studies reporting on the risk of PDAC after an episode of AP and found an effect
estimate of 2.07 [95% confidence interval (CI): 1.36-2.78] during a follow-up time
exceeding 10 years. In a subgroup analysis of 103961 AP patients and 1442158 control
subjects from five prospective studies in this systematic review, a relative risk of 7.81
(95%CI: 5.00-12.19) for PDAC was observed in patients with AP as compared to
healthy control subjects.

Multiple hypotheses have been raised to explain this apparent association between
AP and PDAC. Firstly, it has been suggested that risk factors for AP are similar to risk
factors for PDAC. For instance, alcohol abuse is a prevalent etiology of AP and also a
known risk factor for pancreatic cancer. Although the etiological value of nicotine
abuse in AP is still a topic of discussion, it is an established risk factor for recurrent AP,
while also being a strong risk factor for PDAC[5-7]. Secondly, in recurrent AP, the
accumulating inflammatory states of the pancreas are thought to increase the chance of
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Figure 3 Abdominal magnetic resonance imaging of the pancreas and magnetic resonance cholangiopancreatography. A: Abdominal
magnetic resonance imaging of the pancreas; B: Magnetic resonance cholangiopancreatography. A hypo-intense lesion (A, arrow) is causing a pancreatic duct
stenosis with upstream dilatation of the pancreatic duct (B, arrow).

Figure 4 Endoscopic ultrasonography of the pancreas. A hypo-echoic lesion measuring 18.2 mm is present. Biopsy of this lesion revealed a pancreatic

ductal adenocarcinoma.

oncogenic mutations in pancreatic cells, leading to carcinogenesis in a similar fashion
as CP, as elaborated below in the section on CP[8].

However, the most prevailing hypothesis has been that a single episode of AP
cannot cause PDAC but that PDAC may cause AP. Although this is rare, it has been
acknowledged that PDAC can cause an episode of AP by ductal obstruction before the
PDAC has even been diagnosed[9]. Temporal data on the association of PDAC and AP
endorse this hypothesis. In the previously mentioned meta-analysis by Liu et al[4], the
strongest association between AP and PDAC was found in the first year after AP
[effect estimate 23.47 (95%CI: 3.26-43.68)], while this association diminished over a
course of 2 years after AP [effect estimate 9.82 (95%CI: 3.01-16.64)], 5 years [effect
estimate 2.47 (95%ClI: 1.93-3.02)], 10 years [effect estimate 1.69 (95%CI: 1.26; 2.11)] and
over 10 years after AP [effect estimate 1.17 (95%CI: 0.78-1.57)]. A Danish matched-
cohort study, which was included in this meta-analysis, also adjusted for alcohol- and
smoking-related conditions and the Charlson Comorbidity Index score and excluded
patients who developed CP or other exocrine pancreatic disease during follow-up[10].
This well-designed study found that a presumed idiopathic etiology appeared to be
associated with the highest risk of PDAC [adjusted hazard ratio of 2.52 (95%CI: 1.83-
3.47)]. This finding was supported by a recent cohort study, which found that biliary
AP and a history of alcohol-related disease were predictors for no underlying PDAC
[11]. In this study of 28231 patients with AP, 283 received the diagnosis PDAC during
follow-up (overall risk 1.0%). They found several predictors for PDAC in patients with
AP, including age between 56 and 75 at diagnosis of AP (risk approximately 1.6%),
new-onset diabetes mellitus (DM) and new-onset CP [risk 2.0% (95%CI: 1.1-3.3%)] at
diagnosis of AP. Interestingly, severe AP, smoking-related diseases, venous
thromboembolism and previous malignancies were not associated with a higher risk
for PDAC. A Swedish matched-cohort study of 49749 AP patients and 138750 matched
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subjects also identified recurrent pancreatitis as a risk factor for PDAC [hazard ratio
4.44 (95%ClI: 1.181-10.89) after censoring for diagnosis of CP)][12].

Management

It has become more and more apparent that PDAC is a noteworthy etiology of AP,
particularly in patients with presumed idiopathic etiology after standard diagnostic
work-up. In these patients with idiopathic AP, primarily in patients aged 56-75, it is
imperative to exclude the presence of an occult pancreatic tumor by providing
additional imaging. Commonly, standard diagnostic work-up includes a personal
history, laboratory tests (including liver enzymes, calcium and triglycerides) and
transabdominal ultrasonography. EUS has been proven to be more sensitive for the
detection of PDAC than CT (98 vs 74%) and transabdominal ultrasonography (94% vs
67%), especially for small lesions[13]. A meta-analysis comparing the diagnostic yield
of EUS vs magnetic resonance cholangiopancreatography (MRCP) showed that EUS is
superior to MRCP in detecting all etiologies in idiopathic AP[14]. Thus, mainly in
patients aged 56-75 with idiopathic AP, recurring AP or new-onset DM or CP
concomitant with their AP diagnosis, additional imaging is warranted, preferably
using EUS.

CP AND PANCREATIC CANCER

After a first episode of AP, 17% of patients have at least one recurrent attack, and 8%
develop CP[5]. CP is a progressive inflammatory disease that often leads to pain,
exocrine pancreatic insufficiency and DM. It is characterized by a pathologic response
to pancreatic injury leading to irreversible parenchymal damage[15]. Estimates for
global CP incidence range from 5.0 to 10.0 cases per 100000 person-years[16]. In the
majority of cases, CP develops after a history of recurrent AP in patients with multiple
environmental and genetic risk factors[17]. Alcohol and nicotine are the most
important environmental risk factors for CP[5]. Genetic risk factors include mutations
in the protease serine 1 (PRSS1) gene, which cause hereditary CP, and in the serine
protease inhibitor Kazal-type 1 (SPINKI) and cystic fibrosis chymotrypsinogen C (
CFTR) genes[18].

Lowenfels et al[19] were the first to describe the link between CP and progression to
PDAC. In this study including 2015 CP patients, a cumulative risk for PDAC was
observed in 1.8% (95%ClI: 1.0-2.6) and 4.0% (95%CI: 2.0-5.9) 10 and 20 years after
diagnosis, respectively[19]. To date, the increased risk of PDAC in CP patients has
been confirmed by several meta-analyses[20-22]. However, the exact risk remains
debated, mainly because different factors contribute to PDAC progression.

The risk of PDAC is much higher for patients with hereditary CP from PRSS1
mutations [relative risk 69.0 (95%CI: 56.4-84.4)] and tropical CP [relative risk 100
(95%CI: 37.0-218)], when compared to patients with sporadic CP [relative risk 5.1
(95%ClI: 3.5-7.3)][21,23-25]. Additionally, alcohol consumption and smoking, both well-
known risk factors for PDAC, form important confounding factors as patients with CP
often have a history of alcohol- and nicotine abuse[26]. Other risk factors are older age
at disease onset, obesity, concurrent DM and pancreatic duct dilatation[27,28].

Even though many contributing factors play a role in the association between CP
and PDAC, evidence suggests that a causal relationship is plausible. The pathway
from CP to PDAC is not yet entirely understood. The prevailing hypothesis is that the
long-standing inflammatory state of the pancreas associated with CP leads to
oncogenic mutations. Several studies demonstrated that the pancreas of a notable
proportion of CP patients harbor downregulating mutations of the tumor suppressing
p16, p53 and SMAD4 genes and upregulating mutations of the oncogenic K-ras, tumor
necrosis factor-a and nuclear factor k B genes, which are also present in the majority of
PDACI8,29-31]. These mutations could subsequently facilitate carcinogenesis in
patients who may already have a genetic disposition or environmental risk factors (
e.g., nicotine abuse) for developing PDAC.

Additional to the risk of progression to PDAC in CP, there is a risk of PDAC being
misdiagnosed as CP because discrimination between these diseases can be difficult. A
retrospective study found that 5% of PDAC patients were misdiagnosed with CP,
while actually having PDAC[32]. This finding has been supported by the temporal
data of a recent meta-analysis of 13 studies[20]. This meta-analysis found a decrease in
PDAC risk between a 2-year lag-period [effect estimate 16.16 (95%Cl: 12.59-20.73)] and
a 5- and 9-year lag-period [effect estimate 7.90 (95%CI: 4.26-14.66) and 3.53 (95%CI:
1.69-7.38), respectively][20]. The peak of diagnosis of PDAC in the first years after
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diagnosis of CP suggests that these were either patients with PDAC who were initially
wrongfully diagnosed with CP or patients with CP and concomitant PDAC in whom
the PDAC was not recognized at diagnosis of CP.

Management

Special attention should be paid to the presence of PDAC in newly diagnosed CP
patients, given the high risk of PDAC in the first years after CP diagnosis. Although
the discussion is ongoing, international guidelines currently only consider surveillance
of PDAC justified in patients with PRSS1-mediated CP and patients with a history of
autosomal dominant hereditary CP without known genetic mutations, from the age of
40 until the patient is no longer suitable for (surgical) intervention. As small tumor
lesions may be obscured by inflammation, fibrosis and calcification on EUS, it is
advised to screen using CT imaging or MRI, although high quality evidence on the
accuracy of different imaging modalities in detection of DPAC in CP patients is sparse
[33]. Other contributing factors for PDAC progression that justify screening in patients
with CP should be further clarified.

Additionally, time and effort should be invested in reducing environmental risk
factors for PDAC, such as nicotine and alcohol abuse. These risk factors are prevalent
among patients with CP and counselling and support should be provided to patients
willing to quit smoking or drinking.

DIAGNOSTICS: PANCREATITIS OR PANCREATIC CANCER?

Inflammatory diseases of the pancreas can sometimes mimic PDAC by the appearance
of a focal, mass-forming pancreatitis. Although diffuse forms of pancreatitis are more
common, some patients present with a focal pancreatitis, in particular autoimmune
pancreatitis, groove pancreatitis and CP. Clinical symptoms of mass-forming pancre-
atitis often overlap with symptoms related to PDAC, including abdominal pain,
weight loss and jaundice. In patients undergoing surgery for suspected (periam-
pullary) cancer, up to 23% turn out to be chronic inflammatory lesions[34].

Imaging
Similar to PDAC, focal CP can lead to focal parenchymal atrophy or enlargement and
appears as a hypovascular mass on imaging, accompanied by upstream ductal dilation
and atrophy[35]. Imaging features that point towards an inflammatory cause include
an unobstructed or smooth tapering pancreatic duct through the hypovascular mass
(duct-penetrating sign), while PDAC usually demonstrates an abrupt or irregular
obstruction (Figure 2)[36-38]. The duct-penetrating sign is highly specific for an
inflammatory mass (96%), with a sensitivity of 85%, and can be best visualized during
MRCP[39]. In addition, collateral duct dilation or side-branch dilation in the upstream
pancreas favors CP, due to traction effect of parenchymal fibrosis on the upstream
healthy parenchyma[39,40]. In contrast, side-branches adjacent to malignancy are
usually obliterated owing to mass-effect[39,41]. The presence of (pseudo)cysts and
parenchymal or intraductal calcifications may suggest an inflammatory cause,
although these findings can also sometimes be found in intraductal papillary
mucinous neoplasms, especially with main duct involvement[39,42]. Peripheral
displacement of calcifications can be seen in patients with a malignant mass in the
background of CP[43]. Another imaging feature that can be used to differentiate
between malignancy and inflammation is the extent of ductal dilation and
parenchymal atrophy, expressed by the pancreatic duct-to-parenchyma ratio. A duct-
to-parenchyma ratio = 0.34 on EUS, indicating pronounced ductal dilation and
parenchymal atrophy, is highly suggestive for PDAC instead of CP, with a diagnostic
accuracy of 97%[44]. Signs that are more often observed in advanced PDAC compared
to pancreatitis are vascular encasement by attenuating soft-tissue, caliber narrowing
and occlusion[39]. Interestingly, a superior mesenteric artery-to-superior mesenteric
vein ratio > 1.0 favors the diagnosis of an malignancy[45]. Although not well-
understood, enlargement of the superior mesenteric artery is probably caused by an
increased resistance to blood flow in the pancreas of patients with PDAC, while in
inflammatory conditions an increase in the diameter of the superior mesenteric vein
can be observed secondary to the release of pancreatitis-induced vasoactive agents
[39]. Imaging findings are summarized in Table 1.

Even though secondary imaging features can provide valuable information for the
differentiation between pancreatitis and PDAC, none of them are 100% specific or
sensitive. The two conditions may not only have overlapping clinical and imaging
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Table 1 Imaging findings favoring an inflammatory or malignant cause[39]

Inflammatory cause

Malignant cause

Penetrating duct sign

Collateral or side branch dilation
Duct-to-parenchyma ratio < 0.34

AIP: occasionally perivascular involvement

SMA-to-SMV ratio < 1.0

Abrupt cutoff of the pancreatic duct
Upstream obliteration of side branches
Duct-to-parenchyma ratio > 0.34
Vessel encasement and caliber changes

SMA-to-SMV ratio 2 1.0

AIP: Autoimmune pancreatitis; SMA: Superior mesenteric artery; SMV: Superior mesenteric vein.

Jaishideng®

features but can also coexist, and the diagnostic performance of imaging modalities
remains operator-dependent. Recent advances in machine learning-based diagnostic
models may overcome part of these limitations. Preliminary studies using machine-
learning methods reported promising results in differentiating inflammatory from
malignant lesions on EUS but need to be further evolved before implementation in
clinical practice[46,47].

Biomarkers

Serum carbohydrate antigen 19-9 (CA 19-9) is a widely used diagnostic tool for PDAC
diagnosis. However, patients with CP often have elevation of serum CA 19-9 that is
not indicative of malignancy but a result of pancreatic inflammation[48]. Therefore, the
international consensus guideline do not recommend CA 19-9 as a diagnostic tool for
PDAC in the CP population[33]. Over the last decades, several studies have invest-
igated the use of other early predictive biomarkers (i.e. K-ras, interleukins, micro-
RNAs and proteomics) in CP patients, however, no accurate biomarker is yet available
for clinical use[49].

Many questions regarding the exact relative risk estimates of PDAC in CP patients
remain, but most importantly, we need an adequate strategy for differentiation
between CP and PDAC. Future research should devise the most optimal imaging
methods and early detection biomarker to prevent misdiagnosis of PDAC as CP and,
hence, delay of cancer diagnosis. As this delay compromises diagnosis of early-stage
tumors and consequently resectable treatment options, optimizing diagnostic methods
is clinically relevant.

CONCLUSION

AP can be a first symptom of underlying PDAC, especially in patients with presumed
idiopathic AP, between the ages of 56 and 75, and those who had a diagnosis of new-
onset DM or CP. Additional imaging to exclude PDAC in these patients should at least
be considered. EUS seems to be the preferred imaging modality.

CP, particularly hereditary CP, may lead to PDAC through oncogenic mutations
caused by long-standing pancreatic inflammation, and CP patients may be exposed to
overlapping risk factors for CP and PDAC. In patients with PRSS1-mediated CP or a
history of autosomal dominant hereditary CP without known mutations, surveillance
for PDAC can be considered, although the efficacy and modalities of surveillance are
still up for debate.

Chronic pancreatic inflammation may present as a focal mass on imaging. Specific
findings, such as the duct-penetrating sign (MRCP) and the duct-to-parenchyma ratio
(EUS), may aid in the differentiation between pancreatitis and PDAC.

Currently, considerable effort is focused on finding a biomarker or machine-
learning methods as a superior discriminant between CP and PDAC. Unfortunately,
no clinically useful technique has yet emerged. Improving the possibility to differ-
entiate between CP and PDAC, as well as identifying patients at risk of underlying or
future PDAC, may give clinicians the opportunity to enhance the diagnostic process.
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