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Abstract

Pancreatic ductal adenocarcinoma is an aggressive tumor with poor long-term
outcomes. Chronic pancreatitis (CP) is considered a risk factor for the
development of pancreatic cancer (PC). Persistent pancreatic inflammation and
activation of pancreatic stellate cells play a crucial role in the pathogenesis of CP-
related PC by activating the oncogene pathway. While genetic mutations increase
the possibility of recurrent and persistent pancreatic inflammation, they are not
directly associated with the development of PC. Recent studies suggest that early
surgical intervention for CP might have a protective role in the development of
CP-related PC. Hence, the physician faces the clinical question of whether early
surgical intervention should be recommended in patients with CP to prevent the
development of PC. However, the varying relative risk of PC in different subsets
of CP underlines the complex gene-environment interactions in the disease
pathogenesis. Hence, it is essential to stratify the risk of PC in each individual
patient. This review focuses on the complex relationship between CP and PC and
the impact of surgical intervention on PC risk. The proposed risk stratification
based on the genetic and environmental factors could guide future research and
select patients for prophylactic surgery.
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Core Tip: Chronic pancreatitis (CP) is a significant risk factor for pancreatic cancer
(PC). However, the relative risk is not as high as previously reported. Persistent
pancreatic inflammation plays an important role in pancreatic carcinogenesis, and
genetic mutations implicated in the pathogenesis of CP are not directly involved in the
development of PC. Although surgery for CP reduces the risk of PC, the evidence is
not strong enough to recommend routine prophylactic surgery in CP patients. The risk
stratification proposed in this review considers the genetic and environmental factors
that could guide future prospective studies and select patients for prophylactic surgery.
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INTRODUCTION

Chronic pancreatitis (CP) is a complex fibro-inflammatory disease of the pancreas
characterized by destruction and fibrotic replacement of the pancreatic parenchyma
[1]. Pain is the dominant symptom of CP, followed by clinical manifestations of
exocrine and endocrine dysfunction[2]. Surgery and endoscopic interventions are
primarily indicated in symptomatic CP patients to provide pain relief and may
prevent disease progression if done early in the disease course[3,4]. Pancreatic ductal
adenocarcinoma, the most common type of pancreatic cancer (PC), is an aggressive
tumor with a dismal prognosis[5]. Epidemiological studies have identified CP as a risk
factor for PC[6-8]. Recurrent or persistent pancreatic inflammation in the setting of CP
has been implicated in pancreatic carcinogenesis[9,10]. Recent studies have shown that
surgery for CP reduces the risk of PC[11,12]. This evidence raises the question of
whether early surgical intervention should be considered in patients with CP to
prevent the development of PC. The proposed mechanistic definition for CP highlights
the complex gene-gene and gene-environmental interactions in the disease
pathophysiology[13]. As not all patients with CP develop PC, and a high proportion of
patients with PC do not have a history of CP, this review focuses on the complex
relationship between CP and PC and the impact of surgical intervention on the risk of
PC.

SEARCH STRATEGY

A PubMed search of relevant articles was performed by three authors The reference
lists of the articles also were searched for additional appropriate studies. The

”w,on

keywords and combinations included in the search were: “pancreatitis”; ”chronic
pancreatitis”; “hereditary pancreatitis”; “pancreatic cancer” and “chronic pancre-
atitis”; “pancreatic cancer” and “hereditary pancreatitis”; “pancreatitis” and

s i,

“pancreatic cancer”; “genetics” and ”pancreatic cancer”; “pancreatic ductal adenocar-

“,

cinoma” and ”pancreatitis”; “genetics” and ”chronic pancreatitis” and ”pancreatic
cancer”; “surgery” and “chronic pancreatitis” and ”pancreatic cancer”. The search was
limited to publications in English and stressed the latest evidence. All the authors

agreed that the articles selected for review were relevant.

CP AND PC
Incidence of PC in CP

It is essential to understand the incidence of PC in CP patients to determine the impact
of surgery for CP on the risk of PC. In the 19th century, Rudolph Virchow observed
white blood cells within tumor tissue and suggested a relationship between inflam-
matory pathology and cancer[14]. Well known associations that support the
hypothesis of inflammation-induced metaplasia and carcinogenesis include inflam-
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matory bowel disease and colorectal cancer, gallstones and gallbladder cancer,
Barrett’s esophagus, and esophageal cancer[15]. The earliest report of an association
between CP and PC dates to the 1950s, when an autopsy study identified CP changes
in 49% of 100 patients who died of PC[16]. Since then, multiple studies have
documented an increased risk of PC in CP patients[17-19]. Raimondi ef al[6], in a meta-
analysis of 22 case-control and cohort studies, reported a relative risk (95%CI) of 13.3
(6.1-28.9), which means that CP patients had 13.3 times more risk of developing PC
compared with the general population. However, the included studies did not
consider the lag period, i.e. the interval between CP and PC diagnosis. To be labeled as
CP-related PC, it is recommended to exclude PC cases diagnosed within 2 years of CP
diagnosis to avoid potential misclassification. After considering the lag period, the
relative risk of CP-related PC dropped to 11.8 with a 1-year lag period and to 5.8 with
a 2-year lag period (Table 1). Tong et al[7] in a meta-analysis of 17 studies with acute,
chronic, and unspecified pancreatitis, reported that CP patients had a 10.3-fold risk of
developing PC compared with the general population. When the association between
CP and PC was stratified by time, they reported risk estimates (95%CI) of 23.3 (14.0-
38.9), 3.03 (2.41-3.81), 2.82 (2.12-3.76), and 2.25 (1.59-3.19) for lag periods of less than 1,
2,5, and 10 years, respectively. While the estimated risk was less than reported in the
previous meta-analysis, the inclusion of acute and unspecified pancreatitis along with
CP might have underestimated the association between CP and PC, as acute pancre-
atitis is less likely to progress to PC compared with CP. Kirkegard et al[8], in a recent
meta-analysis of 13 CP studies, estimated 8-fold and 3.5-fold increased risks of PC at 5-
and 9-year lag periods, respectively, from CP diagnosis to PC diagnosis (Table 1). The
meta-analyses suggest that patients with CP are at increased risk of developing PC
compared with the general population. However, the estimated risk was much lower
than that reported in some individual studies, especially when a 2-year lag period was
included. While the increased duration of CP-related inflammation is expected to
increase PC risk, the decrease in PC risk between the 2- and 5-year lag periods in the
meta-analyses suggests initial misclassification of PC as CP in some of the included
studies. Also, most studies did not evaluate the impact of confounding risk factors like
smoking or alcohol intake on the risk estimate of CP-related PC.

Risk factors for the development of PC in CP patients

The current evidence suggests that the incidence of PC in CP patients is variable (2.7-
to 13.3-fold increased risk) and influenced by multiple factors[20,21]. Hence,
identifying demographic and clinical risk factors for PC in CP patients will help to
determine the subgroup of CP patients who might benefit from surgical intervention.
A retrospective analysis of 1415 patients from an Indian center reported that a
smoking and nonalcoholic CP etiology was a risk factor for developing PC[22]
(Table 2). Among the nonalcoholic CP etiologies, idiopathic senile chronic pancreatitis
(ISCP), defined as an age of onset of CP of more than 35 years, had a greater risk of PC
than idiopathic juvenile CP (5% vs 0.2% at 10 years of follow-up). An inverse
association between exocrine insufficiency and malignancy risk indicated that
steatorrhea and malignant transformation occurred independently. A retrospective
analysis of 2037 CP cases in a patient database in China did not find a significant
difference in PC risk between alcoholic and idiopathic pancreatitis[23]. However, the
analysis did not include a separate risk analysis of patients with IJSP and ISCP. A
single-center European study by Miillhaupt et al[24] prospectively evaluated the risk
of PC in 332 CP patients. The risk of PC was greater in idiopathic juvenile chronic
pancreatitis (IJCP) compared with other CP etiological subtypes. The authors
concluded that early onset and prolonged disease was a significant risk factor for CP-
related PC. In another European study from Sweden, Vujasinovic et al[25] evaluated
the risk of PC in a retrospective analysis of prospectively collected pancreatic clinical
data. In contrast to other studies, they subclassified the CP patients into eight
subgroups and calculated the PC risk. Among CP patients, those with diabetes
mellitus and a high body mass index (BMI) at diagnosis or patients with a low BMI
and pancreatic exocrine insufficiency at diagnosis were identified as groups at risk of
developing CP-related cancer. However, relatively few patients (6/581) developed PC
2 years after the CP diagnosis. Studies conducted in different regions of the globe
highlight differences in the demographic and clinical risk factors for PC in different CP
populations. To evaluate the reason for the diverse predictive factors, the pathogenesis
of CP and pathways for PC in those patients have to be well understood.

Inflammatory and oncogene pathways of PC in CP patients
An accepted explanation of the pathogenesis of CP involves a sentinel acute pancre-
atitis event that initiates an inflammatory cascade in a susceptible individual[26,27]
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Table 1 Systematic reviews and meta-analyses evaluating the association between chronic pancreatitis and pancreatic cancer

Ref. Num.ber of Nur.nber of Risk estimate Remarks
studies patients
Raimondi 22 (12 case- 16124 RR, 11.8 (95%ClI: for 1-yr lag period; RR, 5.8 Details of seven studies included for risk estimate
et al[6] control, 10 (95%CI: 2.1-15.9) for 2-yr lag period; RR, 69.0  calculation not mentioned; Details of number of patients
cohort) (95%Cl: 56.4-84.4) for hereditary pancreatitis; ~with pancreatic cancer in included studies not mentioned;
RR, 100 (95%CI: 37.0-218.0) for tropical High relative risk reported for tropical pancreatitis based
pancreatitis on a single study
Tongetal 17 (14 case- 14667 pancreatic ~ Pooled OR, 10.35 (95%ClI: 9.13-11.75) for Inclusion of studies with both acute and chronic
[7] control, 3 cancer, 17587 chronic pancreatitis; Pooled OR, 6.41 (95%CI:  pancreatitis limits generalizability; Inclusion of acute,
cohort) pancreatitis 4.93-8.34) for unspecified type of pancreatitis chronic and unspecified pancreatitis to calculate the
- temporality of the association might underestimate the
relative risk
Kirkegird 13 (4 case- 674 pancreatic EE, 16.16 (95%CI:12.59-20.73) for 2-yr lag Some of the included studies had a smaller number of
et al[8] control, 9 cancer, 25,329 period; EE, 7.90 (95%CI: 4.26-14.66) for 5-yr patients with pancreatic cancer or chronic pancreatitis
cohort) chronic lag period; EE, 3.53 (95%CI: 1.69-7.38) for 9-yr  which might inflate the estimated risk; In some of the
pancreatitis lag period included studies more than one-third of patients were lost

to follow-up

CI: Confidence interval; EE: Effect estimate; OR: Odds ratio; RR: Relative risk.

Table 2 Risk factors for pancreatic cancer in chronic pancreatitis

Number

Ref. of Etiological subtype, n (%) Pancreatic cancer risk Specific risk group

patients

Agarwal et 1415 ACP, 540 (38.1); IJCP, 668 (47.2); ISCP, 5-yr risk of pancreatic cancer: ACP, Age of onset > 35 yr (HR 12.1; CI: 4.7-

al[22] 207 (14.6) 0.5%; IJCP, 0.2%; ISCP, 3.7%. 10-yr risk  31.2; P < 0.001). Smoking (HR 6.48; CI:
of pancreatic cancer: ACP, 0.9%; I[JCP,  2.2-19.0; P < 0.001). Nonalcoholic etiology
0.2%; ISCP,5.2% (HR for alcohol use 0.14; CI: 0.04-0.42; P

<0.001); Absence of steatorrhea (HR for
steatorrhea 0.19; 95%ClI: 0.04-0.80; P <
0.023)

Hao et al[23] 2037 ACP, 404 (19.8); ICP, 1633 (80.2) 5-yr risk of pancreatic cancer: ACP, No significant difference in pancreatic
0.2%; ICP, 0.7%. 10-yr risk of pancreatic cancer development between ACP and
cancer: ACP, 0.9%; ICP, 1.1% ICP patients

Vujasinovic 581 Idiopathic, 47 (8.1); Alcohol and nicotine, Rate per 100 yr; Idiopathic, 0.00; Low BMI and pancreatic exocrine

et al[25] 220 (37.9); Nicotine, 81 (13.9); Alcohol, 49  Alcohol and nicotine, 0.07; Nicotine, insufficiency. Patients with diabetes

(8.4); Hereditary, 38 (6.5) Immunological, 0.44; Alcohol, 0.32; Hereditary, 0.00; mellitus and high BMI
59 (10.2) Efferent duct 62 (10.7) Immunological, 0.00; Efferent duct,
Miscellaneous/ other, 25 (4.3) 0.28; Miscellaneous/ other, 0.81

Miillhaupt 332 ACP, 265; IJCP, 21; ISCP, 46 ACP, 1.5% over 16 yr; IJCP, 4.8% over Early onset and prolonged duration of

et al[24] 22 yr; ISCP, 2.2% over 14 yr CP (rather than the specific type of CP)

ACP: Alcoholic pancreatitis; BMI: Body mass index; ICP: Idiopathic chronic pancreatitis; I[JCP: Idiopathic juvenile chronic pancreatitis; ISCP: Idiopathic
senile chronic pancreatitis.

(Figure 1). Of the various predisposing factors, smoking and alcohol intake are the
important modifiable risk factors relevant to pancreatic carcinogenesis in a genetically
susceptible individual. The genes implicated in the pathogenesis of pancreatitis are
protease serine 1 (PRSS1), serine peptidase inhibitor Kazal type 1 (SPINK 1), Cystic
fibrosis transmembrane conductance regulator (CFTR), chymotrypsin C (CTRC) and
calcium-sensing receptor (CASC)[28-30]. Recently mutations in the genes encoding
carboxypeptidase Al (CPA1), carboxyl ester lipase, and tight-junction protein claudin-
2 (CLDN2) have also been postulated to initiate pancreatitis[29]. Gain-of-function
mutations in the PRSS1 gene, which encodes cationic trypsinogen, facilitate intrapan-
creatic trypsin activation[31]. Mutation of the SPINK 1 gene that codes for trypsin
inhibitor, together with CTRC and CASC mutations, promotes abnormal trypsin
activation[32]. While PRSS1, SPINK1, CTRC and CASC initiate pancreatitis through a
trypsin-dependent pathway, CFTR mutation affects the anion channel for chloride and
bicarbonate[30]. Disturbed alkalinization of the pancreatic juice results in injury to the
duct epithelium followed by protein plug and pancreatic stone formation[29,33]. In
addition to the initiation of pancreatic inflammation, these genetic factors play an
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Figure 1 Pathogenesis of chronic pancreatitis and chronic pancreatitis-related pancreatic cancer. CASC: Calcium-sensing receptor gene; CFTR:
Cystic fibrosis transmembrane conductance regulator gene; CP: Chronic pancreatitis; CTR: Chymotrypsin C gene; PRSS1: Protease serine 1 gene; SPINK 1: Serine
peptidase inhibitor Kazal type 1 gene.
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important role in the progression of acute inflammation to CP[30]. Recent studies have
shown that the clinical manifestations of CP can be grouped into three complication
clusters[34]. One group of patients has dominant inflammatory complications like
pseudocyst, pancreatic ascites, and vascular (splenic or portal vein) thrombosis. The
second group has predominant pancreatic exocrine (steatorrhea) and endocrine
(diabetes) insufficiency. The third group has fibrotic complications characterized by
biliary stricture, duodenal stenosis, and pancreatic duct lesions. Individual patients
can have more than one complication cluster, but most have a single dominant
complication cluster. As patients with predominant fibrotic complications are at
increased risk of PC, understanding the inflammatory and gene pathways can help in
the risk stratification of individual patients[22,34].

It is well known that PC tissue includes malignant duct cells surrounded by stroma
that accounts for more than 90% of the tumor mass[35]. The histology of CP tissue
includes fibrotic destruction of the pancreatic parenchyma, infiltration of inflam-
matory cells, and ductal and exocrine atrophy[2]. As pancreatic stellate cells are the
principal source of fibrosis, their activation has been implicated in the pathogenesis of
CP and CP-related PC[36-38] (Figure 2). Activation of the immune system following
injury of the pancreatic duct and acini results in the release of multiple proinflam-
matory cytokines including tumor necrosis factor (TNF)-a and interleukin (IL)-1, IL-6,
and IL-8, growth factors, chemokines including monocyte chemoattractant protein
(MCP)-1, macrophage inflammatory protein (MIP)-1, adhesion molecules, reactive
oxygen and reactive nitrogen species that activate pancreatic stellate cells and induce
proliferation[39,40]. Transforming growth factor (TGF) 1 and fibroblast growth factor
produced by pancreatic stellate cells stimulate extracellular matrix synthesis and
cyclooxygenase-2 mediates extracellular matrix proliferation[36-38]. The benign
process of inflammation-related proliferation and fibrosis can turn malignant in the
background of uncontrolled inflammation. This is supported by the observation that
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Figure 2 Mechanisms linking chronic pancreatitis and pancreatic cancer. COX-2: Cyclooxygenase-2; FGF: Fibroblast growth factor; IL: Interleukin.
TGF-B1: Transforming growth factor 31; TNF: Tumor necrosis factor.
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mutation of the K-Ras proto-oncogene stimulates tumor development only in the
presence of inflammatory milieu; inflammatory mediators are required for its
activation[41-44]. Approximately 30% of CP patients with CP have K-Ras mutations
[44]. K-Ras mutation itself is not sufficient, the pathological activity necessary for PC
development is achieved only in the presence of persistent inflammation[41].
Additionally, activation of the Notch signaling pathway and the nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-xB) transcription factor promotes carcino-
genesis against an inflammatory background[45]. The current understanding of the
inflammatory and oncogene pathways of PC in CP patients is that CP significantly
increases the risk of PC (relative risk > 2) compared with other risk factors, and that
inflammation plays a crucial role in carcinogenesis[20].

Genetic mutations responsible for hereditary pancreatitis are not directly associated
with the development of PC. However, genetic susceptibility increases the possibility
of recurrent and persistent inflammation, especially in the presence of environmental
risk factors like smoking and alcohol intake, thereby increasing the risk of PC[46].
Among the genetic causes of pancreatitis, PRSS1 mutation carries the maximum risk
for PC followed by other mutations. The difference in risk primarily results from the
ability to initiate and sustain an inflammatory cascade with or without other environ-
mental factors[47]. Differences in the risk of PC in IJCP in Indian and European studies
are caused by differences in the underlying genetic mutations. IJCP is predominantly
associated with CFTR and SPINK 1 mutations in the Indian population and with
PRSS1 mutation in European populations[48].

Prospective cohort studies of patients with hereditary pancreatitis have reported
that avoidance of smoking and alcohol intake, ensuring a smoke-free environment in
the home and workplace, maintaining normal BMI, and eating a healthy diet reduces
the cumulative risk of PC[20,50]. The success of cancer preventive measures suggests
that medical, endoscopic, and surgical interventions to minimize ongoing pancreatic
inflammation can reduce the risk of PC. Alcohol consumption increases the risk of
pancreatitis and smoking increases the risk of fibrotic complications in CP and related
PC. Experimental studies have shown that aryl hydrocarbon receptor ligands in
cigarette smoke induce production of interleukin-22 and pancreatic fibrosis. Hence,
lifestyle modifications like smoking cessation can minimize the risk of PC[51]. Risk
stratification of CP patients is proposed based on the current understanding of the
inflammatory and oncogene pathways of CP-induced PC (Figure 3). The proposed risk
stratification underlines the need for genetic testing in most patients with CP, as the
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combination of genetic and environmental factors determines the risk of PC.

DOES SURGERY FOR CP REDUCE THE RISK OF PC?

Although CP is considered a risk factor for PC, the impact of surgery for CP on the risk
of PC has not been well studied. To investigate the relationship between surgery for
CP and PC, Ueda et al[12] performed a multicenter retrospective analysis of 893 CP
patients at 22 institutions who fulfilled the 2001 Japan Pancreas Society diagnostic
criteria for CP. They excluded 387 patients with less than 2 years of follow-up or a lag
period of less than 2 years between CP diagnosis and PC. Of the 506 patients included
in the study, 19 (3.7%) developed PC (Table 3). The standardized incidence ratio (SIR),
defined as the ratio of observed to expected PC cases, was 11.8 (95%ClI, 7.1-18.4). The
cumulative incidence (95%CI) of PC was 2.0% (1.0-4.1) at 5; 4.6% (2.6-8.2) at 10; 7.5%
(4.3-12.9) at 15; 10.7% (4.3-18.4) at 20, and 14.0% (7.5%-25.3%) at 25 years after the CP
diagnosis. At a median follow-up of more than 5 years, the PC incidence was
significantly lower in patients who had undergone surgery (1/147, 0.7%0) than in
those who did not undergo surgical intervention (18/352, 5.1%) for CP (P = 0.03].
Based on the results, the authors concluded that surgery for CP decreased the risk of
PC[12].

Zheng et al[11] performed a retrospective analysis of 650 surgically managed CP
patients to determine the incidence and risk factors for PC after surgery for CP. At a
median follow-up of 4.4 years, 12 patients (1.8%) developed PC (Table 3). The SIR
(95%CI) for PC in CP patients was 68.12 (35.20-118.99). The cumulative incidence
(95%CI) of PC was 1.48% (0.46-2.51) at 3; 2.63% (0.93-4.32) at 6; and 3.71% (1.05-6.37%)
at 9 years after CP surgery. The time interval to surgery, defined as the lag time
between the initial CP diagnosis and operative intervention, was significantly longer
in CP patients who developed PC (96.6 + 164.4 mo vs 36.4 + 74.2 mo, P = 0.016), with a
hazard ratio (95%CI) of 1.005 (1.002-1.008, P = 0.002). Based on the results, the authors
concluded that early surgical intervention for CP prevented the development of CP-
related PC[11].

The proposed mechanisms by which surgery for CP reduces PC incidence are relief
of pancreatic compartment syndrome and inflammation by resection of fibrotic
parenchyma and surgical drainage[11]. As mentioned earlier, parenchymal fibrosis
plays an essential role in pancreatic carcinogenesis, and its removal reduces the
volume of pancreatic tissue at risk of malignancy. This hypothesis is supported by
studies in which none of the patients who underwent pancreatoduodenectomy for CP
developed PC during the follow-up period[11,12]. As persistent uncontrolled inflam-
mation is a significant risk factor for developing PC, relief of ductal obstruction and
pancreatic compartment syndrome attenuates pancreatic inflammation.
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Table 3 Studies evaluating the impact of surgery for chronic pancreatitis on the risk of pancreatic cancer

Number of

Ref.
¢ patients

Etiological subtype, n (%)

Type of surgery, n

(%) Pancreatic cancer risk

Uedaet 506
al[12]

Zheng et 650
al[11]

Alcoholic pancreatitis, 345 (68.0); Idiopathic Drainage operation, 60  Surgery, 1/147 (0.7%); No surgery, 18/352 (5.1%)
pancreatitis, 109 (22.0); Autoimmune pancreatitis, (40.8); Pancreatic
16 (3); Hereditary pancreatitis, 9 (2); Miscellaneous, resection, 87 (59.2)

27 (5)

Alcoholic pancreatitis, 361 (55.5); Idiopathic Drainage operation, 189 Surgery, 12/650 (1.8%); Time interval to surgery,
pancreatitis, 227 (34.9); Hereditary pancreatitis, 62 (29.1); Pancreatic HR, 1.005 (95%ClI: 1.002-1.008); De novo

9.5)

resection, 461 (70.9) endocrine insufficiency, HR, 10.672 (95%CI:
2.567-44.372)

Jaishideng®

IS PC RISK REDUCTION AN INDICATION FOR SURGERY IN CP
PATIENTS?

The standard indications for surgery in CP are intractable pain, suspicion of
malignancy, and local pancreatic or extrapancreatic complications, such as biliary
stricture, duodenal stenosis, pseudocysts, and vascular complications (e.g.,
splenic/portal vein thrombosis and arterial pseudoaneurysms)[2,4], and intractable
pain is the most common indication. Traditionally, patients are managed by a step-up
approach that begins with medical management (analgesics) followed by endoscopic
intervention[52,53]. Surgery is generally considered as the last option after multiple
endoscopic interventions fail to provide adequate symptomatic relief. However, based
on the findings of numerous observational studies and a recent randomized controlled
trial, international consensus guidelines for surgery and the timing of intervention in
CP recommend early surgery[4]. Early surgery, i.e. performed within 3 years of the
onset of CP symptoms, is associated with better pain relief and preservation of
pancreatic function[3,54]. Considering recent evidence for early surgery in CP and its
potential protective role in the development of PC, the clinician faces the question of
prophylactic surgery in CP patients. Prophylactic surgery for CP is performed with the
primary aim of reducing the risk of PC in the absence of typical surgical indications
like pain and local complications. The dilemma is significant in light of the current
availability of digitized clinical information for patients and increased litigation. Is the
clinician is ethically right or legally justified in not offering a treatment that can
prevent a deadly complication of CP? To answer that question, a critical analysis of the
current evidence is essential. Many studies have evaluated the risk of PC, but only a
few have investigated the protective effect of surgery for CP on reducing the risk of PC
[11,12]. Limitations of previous studies are the inclusion of small numbers of patients
and retrospective analysis, which make the accuracy and completeness of the study
data difficult to control. Confounding risk factors like smoking and alcohol intake
were not accurately quantified in most studies, and the proportion of patients who
underwent resection procedures was relatively high, in at least in one of the studies,
which contrasts with the drainage procedures commonly performed worldwide for CP
patients[55]. Another limitation is the lack of objective evidence to document whether
pancreatic inflammation was reduced after surgery. As persistent pancreatic inflam-
mation is considered a significant risk factor for pancreatic carcinogenesis, a reliable
biomarker to monitor the presence or absence of persistent pancreatic inflammation
after surgery could help us better understand the role of surgery in reducing the risk
of PC. Hence, to confirm the protective role of surgical procedures for CP, additional
prospective studies involving large populations are required. While the risk of PC is
increased in patients with CP, it is still too low to recommend routine active screening
or prophylactic surgery in all patients[20]. With the available evidence, routine
surveillance and prophylactic surgery are recommended only in subgroups of
hereditary pancreatitis with a high risk of PC. In contrast to environmental risk factors,
genetic factors are not modifiable. Hence, prophylactic surgery will have a greater role
in this group of patients. Until we have more evidence, surgery for CP is currently
recommended for only the described standard indications.

FUTURE DIRECTIONS: PRECISION MEDICINE IN CP

The mechanistic definition of CP is a “pathologic fibroinflammatory syndrome of the
pancreas in individuals with genetic, environmental and/or other risk factors who
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develop persistent pathologic responses to parenchymal injury or stress”[13]. The
current definition highlights the disease heterogeneity in terms of individual suscept-
ibility, disease onset, modifying factors, rate of progression, and long-term outcomes.
Detailed evaluation of an individual patient often identifies a genetic factor that
predisposes to pancreatitis in the presence of environmental risk factors[29,30]. The
complex interaction of genetic and environmental factors determines the clinical
phenotype and risk of PC. Hence, the concept of precision medicine used in various
complex benign and malignant gastrointestinal disorders should be employed in CP
patients. Molecular pathways leading to CP-related PC should be better defined so
that complication clusters in an individual patient and the role of interventions in
mitigating the cancer risk can be well studied.

Advances in instrumentation and technology allow increasing use of endoscopic
interventions in CP patients. However, long-term studies focusing on the risk of PC in
patients undergoing endoscopic intervention are lacking. As previously mentioned,
reliable markers for pancreatic inflammation would help to evaluate the success of
endoscopic and surgical treatment in individual patients. Hence future prospective
studies evaluating the role of surgical and endoscopic intervention in reducing PC
should include accurate risk stratification of the study patients and preferably
incorporate biomarkers of pancreatic inflammation.

CONCLUSION

CP is a significant risk factor for PC. However, the relative risk is as not high as
previously reported. Persistent pancreatic inflammation plays a key role in pancreatic
carcinogenesis, and genetic mutations implicated in the pathogenesis of CP are not
directly involved in the development of PC. Activation of pancreatic stellate cells and
enhanced K-Ras oncogene activity in the inflammatory milieu play a key role in the
pathogenesis of CP-related PC. Although surgery for CP reduces the risk of PC, the
evidence is not strong enough to recommend routine prophylactic surgery in CP
patients. The proposed risk stratification considers the genetic and environmental
factors that could guide future prospective studies and select patients for prophylactic
surgery.
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