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Abstract
BACKGROUND 
Chronic pancreatitis is associated with pancreatic cancer (PC), although the 
relationship between acute pancreatitis (AP) and the risk of PC remains unclear 
due to inconsistent and contradictory results.

AIM 
To conduct a meta-analysis of retrospective and prospective studies to explore the 
association between AP and PC risk.

METHODS 
We first searched original articles on the association of AP with PC using 
PubMed, Web of Science, Cochrane, and EMBASE databases. Then we calculated 
the combined overall effect estimates (EEs) between AP and PC risk at a 95% 
confidence interval (CI) deploying a random-effects model, and assessed 
heterogeneity using the I2 test. The combined relative risk with 95%CI was 
performed to examine the relationship between AP and PC. Publication bias and 
subgroup analyses were also conducted. Furthermore, we performed sensitivity 
analysis to explain this heterogeneity.

RESULTS 
Eleven studies were eligible for inclusion standards in this meta-analysis, 
resulting in pooled EEs of 2.07 (95%CI: 1.36-2.78) for AP and PC risk. 
Additionally, five prospective cohort studies reported 103961 patients in the AP 
group, relative to 1442158 subjects in the control group, with a pooled relative risk 
of 7.81 (95%CI: 5.00-12.19). We also performed subgroup analyses using different 
follow-up times and type of research methods (case-control or cohort). Results 
from analyses of different follow-up times revealed the following pooled effect 
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values: 1-year lag period (EEs = 23.47, 95%CI: 3.26-43.68), 2-year lag period (EEs = 
9.82, 95%CI: 3.01-16.64), 5-year lag period (EEs = 2.47, 95%CI: 1.93-3.02), 10-year 
lag period (EEs = 1.69, 95%CI: 1.26-2.11), and > 10-year lag period (EEs = 1.17, 
95%CI: 0.78-1.57). With regards to the methods, the case-control studies recorded 
EEs = 3.03 (95%CI: -1.02 to 7.08), whereas cohort studies had EEs = 2.09 (95%CI: 
1.22-2.97) pooled effect values.

CONCLUSION 
Overall, our findings indicated an association between AP and PC risk. Based on 
subgroup analyses, AP is unlikely to be a causal factor for PC.

Key Words: Acute pancreatitis; Pancreatic cancer; Meta-analysis
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Core Tip: It is well-known that acute pancreatitis (AP) might be the earliest clinical 
presentation of pancreatic cancer (PC). However, the relationship between AP and the risk 
of PC remains unclear due to inconsistent and contradictory results. In the current study, 
we conducted a meta-analysis of retrospective and prospective studies to explore the 
association between AP and PC risk. Our findings suggest that AP might not be a direct 
cause of PC risk, but its occurrence could be an indicator of PC. Future studies are 
expected to analyze the association between AP and PC risk across different follow-up 
times in order to improve early PC identification. Overall, more focus should be directed 
towards improving PC prevention approaches, of which a key element is early screening 
for patients at the onset of AP.

Citation: Liu J, Wang Y, Yu Y. Meta-analysis reveals an association between acute pancreatitis 
and the risk of pancreatic cancer. World J Clin Cases 2020; 8(19): 4416-4430
URL: https://www.wjgnet.com/2307-8960/full/v8/i19/4416.htm
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INTRODUCTION
Considerable progress in the management of pancreatic cancer (PC) has been made 
using surgery, chemotherapy, and other fields[1], although the long-term survival of PC 
patients remains unsatisfactory. According to the latest research statistics from the 
National Cancer Center, the 5-year survival rate of patients with PC is only 7.2%[2]. At 
the time of diagnosis, many patients’ symptoms cannot be resolved because they are 
advanced or irreversible[3]. PC has therefore become a major cause of cancer-related 
deaths worldwide, with a poor prognosis[4,5]. Curative-intent surgery remains the only 
approach for increasing the survival rates of PC patients. However, fewer than 20% of 
PC patients are eligible for surgery after diagnosis, due to local disease progression 
and metastasis[4]. Avoiding risk factors as well as early diagnosis are therefore the most 
essential ways to improve the survival of PC patients.

Previous studies have revealed several risk factors for PC including diabetes[6], 
smoking[7] and chronic pancreatitis[8]. However, the relationship between PC and acute 
pancreatitis (AP) remains unclear. AP is one of the most common gastrointestinal 
diseases that requires hospitalization of the patients[9]. The condition is also more likely 
to be exhibited at the onset of PC[10]. Consequently, PC patients who initially exhibit 
AP are likely to be diagnosed early, thereby contributing to a better prognosis. 
Generally, AP patients develop chronic pancreatitis. Research evidence has shown that 
chronic pancreatitis is one of the risk factors for PC[8], plausibly suggesting that AP 
may also be a risk factor for PC. Moreover, an animal model implicated AP in the 
induction of brief inflammation, which enhances the risk of PC[11,12]. However, 
outcomes from different studies have been either inconsistent or conflicting[13,14]. 
Therefore, the current meta-analysis was performed to evaluate the association 
between AP and the risk of PC.
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MATERIALS AND METHODS
Search strategy
A comprehensive literature search was performed to identify original articles 
describing the analysis of the association between AP and PC across PubMed, Web of 
Science, MEDLINE, and EMBASE databases. A variably combined text and MeSH 
heading search strategy was used to select studies. This meta-analysis conformed to 
the guidelines of the Observational Studies in Epidemiology[15] and included the 
following terms: (“AP”) and (“PC” or “pancreatic neoplasm” or “pancreatic tumor” or 
“pancreatic tumor” or “pancreatic carcinoma” or “pancreatic malignancy” or 
“pancreatic adenocarcinoma”) and (“prospective” or “cohort” or “retrospective” or 
“case-control”). Articles published between establishment of databases and April 1, 
2020 were retrieved for analysis. Reference lists comprising relevant review papers 
and related articles were simultaneously collected for further inclusion. All references 
are published, comprehensive studies. There were no language restrictions applied 
during screen or selection process of studies.

Inclusion and exclusion criteria
We included all eligible studies if they met the following standards: (1) were 
retrospective or prospective studies; (2) Examined an association between AP and 
subsequent PC; (3) Were population-based reports; and (4) Provided relevant data for 
this meta-analysis. Conversely, studies were ineligible for inclusion according to the 
following standards: (1) Low-quality articles; (2) Clinical trials, commentaries, meta-
analysis, letters, reviews, or conference abstracts; and (3) Articles without critical data 
that could be used.

Data extraction
Studies screened by two reviewers (Liu J and Wang Y) independently based on the 
inclusion and exclusion standards by reading the titles and abstracts and examined 
their eligibility. After excluding ineligible studies preliminarily, we read the entire 
article and extracted key data from eligible studies. The following items were collected 
and recorded for each included study: Study design, name of the first author, country, 
year of publication, age, ratio of males to females, the period of enrollment, numbers 
of AP and PC, effect values, including standardized incidence ratio (SIR), relative risk 
(RR), hazard ratio (HR), and odds ratio (OR), as well as covariates used for adjustment 
or not. Any discrepancies between the two reviewers were settled by a third reviewer 
(Yu Y).

Quality assessment
Newcastle-Ottawa scale[16], a tool that provides a comprehensive score system with 
eight items for both case-control and cohort studies, is adopted for assessing the 
methodological quality of included studies. Quality assessment items for case-control 
studies include: Adequate definition of patient cases (0-1 point), representativeness of 
patients’ cases (0-1 point), selection of controls (0-1 point), and definition of controls (0-
1 point). Other items include comparison control for important or additional factors (0-
2 point), ascertaining exposure (0-1 point), same method of for assessment of 
participants (0-1 point) and non-response rate (0-1 point). On the other hand, quality 
assessment items for cohort studies include: The level of representativeness of the 
exposed cohort (0-1 point), selection of a non-exposed cohort (0-1 point), ascertaining 
exposure (0-1 point), assessing outcomes of interest not presented at the start of the 
study (0-1 point), design- or analysis-based comparisons (0-2 point), period of follow-
up that allows outcomes to occur (0-1 point), assessment of outcomes (0-1 point) and 
adequate evaluation of follow-up of cohorts (0-1 point). The total score was calculated 
by adding up all points of each item. Only studies with a score of 6 or higher were 
considered to be high-quality methodological studies and included in this meta-
analysis.

Statistical analysis
As PC is rare in the population, we ignored the distinctions between different risk 
estimates in terms of OR, RR, HR, SIR[17]. To determine the effect of AP on the risk of 
developing PC, a random-effects model was deployed for calculating pooled overall 
effect estimates (EEs) with 95% confidence intervals (CIs), and the effect values were 
extracted from included studies according to the longest follow-up time. The pooled 
RR with 95%CI was performed to examine the relationship between AP and PC. If a 
study had different effect measures, between AP and PC, the results of each effect 
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value were considered a single effect value before inclusion in this meta-analysis. 
Cochran’s Q statistic was used for assessing heterogeneity, with a P value less than 
0.10 to infer significance. Furthermore, the heterogeneity was graded using the I2 
statistic, with 25%, 50% and 75% denoting low, moderate and high levels of 
heterogeneity, respectively[18]. Subgroup analyses were performed according to 
different follow-up times, and the type of research method (case-control or cohort). 
Sensitivity analyses were conducted to investigate the robustness of our meta-analysis 
and Egger’s test and funnel plots was used to assess the risk publication bias[19]. To 
correct and identify the asymmetry of the funnel plot caused by publication bias, the 
trim and fill method was performed. All statistical analyses were conducted using 
STATA 12.0 (StataCorp, College Station, TX, United States).

RESULTS
Studies included
Databases and manual searches identified a total of 1695 studies. Specifically, PubMed 
accounted for 1056, Cochrane had 324, Web of Science resulted in 156, Embase yielded 
159, whereas manual search produced 15 studies. After removal of duplicate studies (n 
= 560) and screening of the remaining 1150, a total of 1043 articles failed to meet the 
inclusion criteria due to unqualified titles and/or abstracts. The remaining 107 studies 
were subsequently examined for eligibility as per the aforementioned inclusion 
standards by reading full-text articles; 97 were excluded for various reasons. Among 
the 97 studies, 59 lacked sufficient data, 7 were case reports, 5 were letters or 
comments, 18 only had abstracts, and 7 were reviews or meta-analyses. Finally, 11 
studies were included in this meta-analysis. A summary of the retrieval process is 
outlined in Figure 1.

Study characteristics and quality assessment
The 11 studies included were prospective or retrospective in design, and were 
published between 1994 to 2018. Among these studies, three (each) were conducted in 
the United States and Sweden, two were from China, and a single study (each) was 
conducted in Britain, the Netherlands, and Denmark. The risk effect measures for two 
studies were RR, two studies were OR, three studies were SIR, and four studies were 
HR. A detailed description of the study characteristics is presented in Table 1[10,13,14,20-27], 
while an outline of the quality ratings across each study is recorded in Table 2. In 
general, the methodological quality was fair for the included studies, with all 11 
studies considered high quality with a score of 6 or higher.

AP and PC risk
Eleven studies from ten studies exhibited the EEs of PC in AP (Figure 2). We recorded 
a pooled EEs for AP and PC risk 2.07 (95%CI: 1.36-2.78), and statistically significant 
heterogeneity of I2 = 78.9% (P < 0.001). Consequently, the random-effects model was 
used for our meta-analysis. Furthermore, five prospective cohort studies, comprising 
103961 patients in the AP group and 1442158 subjects in the control group (the number 
of patients is recorded in Supplementary Table 1), were included in the analysis to 
assess the relationship between AP and PC. Their pooled RR was 7.81 (95%CI: 5.00-
12.19) based on the random-effects model (Figure 3).

Subgroup analysis
Subgroup analyses were conducted based on different follow-up times (the risk 
estimates of the different follow-up times are recorded in Supplementary Table 2) and 
the type of research methods (case-control or cohort). Pooled effect values were: 1-year 
lag period (EEs = 23.47, 95%CI: 3.26-43.68), 2-year lag period (EEs = 9.82, 95%CI: 3.01-
16.64), 5-year lag period (EEs = 2.47, 95%CI: 1.93-3.02), 10-year lag period (EEs = 1.69, 
95%CI: 1.26-2.11), and > 10-year lag period (EEs = 1.17, 95%CI: 0.78-1.57), indicating 
that the association between AP and PC risk diminishes with long-term follow-up (The 
forest plot is described in Figure 4). On the other hand, the pooled effects value for 
case-control studies was EEs = 3.03 (95%CI: -1.02 to 7.08, P = 0.141), whereas that for 
cohort studies was 2.09 (95%CI: 1.22-2.97) (Figure 5). Based on subgroup analysis, case-
control studies demonstrated a stronger association between AP and PC risk than 
cohort studies.
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Table 1 Demographics and characteristics of studies included in this meta-analysis

Ref. Country M/F 
ratio

Age, mean 
or median

Period of 
recruitment

PC cases/AP 
cases AP verification PC verification Effect value 

and 95%CI
Cohort studies

Rijkers et al[20], 
2017

Netherlands 1.19 58.0 2004-2007 5/731 Clinical evaluation Clinical evaluation SIR 1.1 (0.3-
3.3)

Kirkegård 
et al[21], 20181

Denmark 1.21 55.8 1980-2013 937/41669 ICD code ICD code HR 2.02 
(1.57-2.61)2

Pang et al[22], 
20181

China 0.69 51.5 2004-2008 13/1066 ICD code ICD code HR 9.99 
(3.20-31.16)2

Munigala 
et al[23], 20141

United States 13.29 57.0 1998-2000 86/5720 ICD code ICD code RR 1.05 (0.14-
7.68)2

Chung et al[24], 
20121

China 1.96 > 40 2000-2003 11/747 ICD code ICD code HR 9.10 
(3.81-21.76)

Ekbom et al[25], 
1994

Sweden 1.19 55.6 1965-1983 NA/NA ICD code ICD code SIR 0.9 (0.2-
2.5)2

Sadr-Azodi 
et al[10], 20181

Sweden 1.06 62.0 1997-2013 536/49749 ICD code ICD code HR 1.24 
(0.68-2.25)2

Goldacre 
et al[26], 20081

Britain 0.88 NA 1963-1999 91/24993 ICD code ICD code RR 5.70 (4.54-
7.08)

Karlson 
et al[14], 19971

Sweden 1.49 54.5 1965-1983 152/24753 ICD code ICD code SIR 1.6 (1.3-
2.0)2

Case-control studies

Bansal et al[27], 
19951

United States NA 57.0 1988-1992 2639/64 ICD code ICD code OR 1.76 
(1.28-2.41)

Duell et al[13], 
20061

United States NA > 21 1995-1999 308/16 Self-reported 
(physician 
diagnosed)

Pathology+ 
physician reported

OR 6.4 (2.7-
15)

1Effect values in the study have matched/adjustment variables.
2Effect values are extracted from included studies according to the longest follow-up time. AP: Acute pancreatitis; CI: Confidence interval; F: Female; HR: 
Hazard ratio; ICD: International Classification of Diseases; M: Male; OR: Odds ratio; PC: Pancreatic cancer; RR: Relative risk; SIR: Standardized incidence 
ratio.

Publication bias and sensitivity analysis
The funnel plot depicted no obvious publication bias and result from Egger’s test gave 
no evidence of publication bias (P = 0.106) in the association between AP and PC (
Supplementary Figure 1). Meanwhile, a publication bias (P = 0.025) was recorded for 
developing AP in PC risk (Figure 6). Calculations using the trim and fill method, 
revealed no increase in heterogeneity and variance between studies, indicating that 
there was no missing literature, hence the publication bias could be ignored. After the 
trimming and filling method, the results of the funnel plot are shown in 
Supplementary Figure 2. Furthermore, we performed a sensitivity analysis to explain 
this heterogeneity. We found that the association of AP with PC risk had a significant 
influence on the result of the pooled EEs in the two studies[24,26] (Figure 7).

DISCUSSION
Previous studies have reported meta-analyses of the relationship between AP and 
PC[28]. However, these studies only analyzed differences in the number of patients 
between exposure and control groups, but not the pooled effect value. Based on this, 
we hypothesized that this does not adequately describe the relationship between AP 
and PC, hence the need for a comprehensive meta-analysis. Our current study is the 
first meta-analysis to summarize all current studies (case-control and cohort), to 
demonstrate the existence of an association between AP and PC (EE: 2.07; 95%CI: 1.36-
2.78). Interestingly, our subgroup analysis revealed a strong association between AP 
and PC risk within 1 year from AP diagnosis (EEs = 23.47, 95%CI: 3.26-43.68) and 
declined with long-term follow-up. Subsequently, it did not reveal an association 

https://f6publishing.blob.core.windows.net/00580d8d-ad40-4024-b290-cbef98b04aa1/WJCC-8-4416-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/00580d8d-ad40-4024-b290-cbef98b04aa1/WJCC-8-4416-supplementary-material.pdf
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Table 2 Quality assessment of included studies in this meta-analysis

Ref. Representativeness of the 
exposed cohort

Selection of the 
non-exposed 
cohort

Ascertainment of 
exposure

Outcome of interest 
was not present at start 
of study

Based on the 
design or 
analysis

Assessment of 
outcome

Follow-up long 
enough for outcomes 
to occur

Adequacy of 
follow-up of 
cohorts

Overall
Score

Rijkers 
et al[20], 2017

1 0 1 1 2 1 1 1 8

Kirkegård 
et al[21], 2018

1 0 1 1 2 1 1 1 8

Pang et al[22], 
2018

1 1 1 1 2 1 1 1 9

Munigala 
et al[23], 2014

1 0 1 1 2 1 1 1 8

Chung 
et al[24], 2012

1 1 1 1 2 1 1 1 9

Ekbom 
et al[25], 1994

1 0 1 1 2 1 1 1 8

Sadr-Azodi 
et al[10], 2018

1 1 1 1 2 1 1 1 9

Goldacre 
et al[26], 2008

1 1 1 1 2 0 1 1 8

Cohort 
studies

Karlson 
et al[14], 1997

1 0 1 1 2 1 1 1 8

Bansal et al[27], 
1995

1 1 1 1 2 1 1 0 8Case-
control 
studies

Duell et al[13], 
2006

0 1 1 1 2 0 1 0 6

between AP and PC over the 10-year follow-up period. For example, Kirkegård et al[8] 
conducted a meta-analysis and confirmed that chronic pancreatitis increased the risk 
of PC (EE: 16.60; 95%CI: 12.59-20.73), and found a diminishing association with long-
term follow-up. Similarly, Tong et al[29] reported a pooled OR of 7.05 (95%CI: 6.42-7.75) 
between pancreatitis and PC risk, and found that AP was also associated with PC 
(pooled OR = 2.12; 95%CI: 1.59-2.83) based on a meta-analysis of two case-control 
studies. Our study demonstrated almost the same association between AP and PC risk 
based on the results from 11 studies including cohort and case-control studies.

Chung et al[24] investigated the risk of PC after AP in the Chinese population. During 
the 5-year follow-up of 747 patients with AP, 11 developed PC (1.47%) compared with 
10 patients who developed PC in the 5976 controls (0.17%), suggesting that patients 
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Figure 1  Flow diagram representing the selection of studies.

with AP have a 9-fold greater risk of developing PC (HR = 9.10; 95%CI: 3.81-21.76) 
after 5 years from AP diagnosis. In another study, Goldacre et al[26] reported an 
association between AP and PC risk in a British matched cohort study. Although 
chronic pancreatitis is more closely associated with PC than acute pancreatitis, the EE 
of 27.0 (95%CI: 21.4-33.8) vs 5.7 (95%CI: 4.54-7.08), the relationship between AP and PC 
cannot be ignored. Similarly, 731 patients with AP were followed up by Rijkers et al[20] 
and 51 patients developed chronic pancreatitis. Only 3 patients developed PC of the 
680 patients without chronic pancreatitis, and the SIR for development of PC was 1.1 
(95%CI: 0.3-3.3). It is worth mentioning that 2 of 51 patients with chronic pancreatitis 
developed PC and risk of PC was almost 9 times higher (SIR = 9.0; 95%CI: 2.3-35.7) 
compared to patients without chronic pancreatitis. Kirkegård et al[21] found elevated PC 
risk during the 5-year follow-up, with patients diagnosed with AP appearing to be 
more vulnerable to PC compared with age- and sex-matched groups within the follow-
up period. Though this risk seemed to decline with long-term follow-up, the 
fluctuation was comparatively placid and remained at a high level, as shown by the 
results of long-term observations for more than 5 years (HR 2.02; 95%CI: 1.57-2.61). In 
addition, a prospective cohort study of 0.5 million people in China, Pang et al[22] found 
that individuals with acute pancreatitis, after being diagnosed for 2 years, had an 8-
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Figure 2  Forest plot of the risk of pancreatic cancer associated with acute pancreatitis. Hollow diamonds represent pooled effect estimates.

fold higher risk of pancreatic cancer compared to controls (HR = 8.26; 95%CI: 3.42-
19.98). A recent study performed by Gong et al[30], suggesting that a shorter overall 
survival for pancreatic ductal adenocarcinoma who got a AP than those without a 
history of AP and the HR for mortality was 1.808 (95%CI: 1.241-2.632). Similarly, it has 
been reported that AP is an independent risk factor for recurrence of PC (OR = 4.13; 
95%CI: 1.41-12.10) and AP is associated with a worse disease-free survival of patients 
with PC[31]. Therefore, even if AP did not show a stronger association of PC risk 
compared with chronic pancreatitis, the relationship between AP and PC risk should 
be taken seriously.

Notably, numerous studies have demonstrated that if PC is diagnosed shortly after 
the onset of AP follow-up. Based on our results, AP is less likely to be a causal risk 
factor for PC, owing to the strong association between their risk (EEs = 23.47, 95%CI: 
3.26-43.68), 1 year after AP diagnosis. However, estimates across different follow-up 
times are required for adequate validation of these findings. PC risk in patients with 
AP showed a declining trend across time points, as evidenced by EEs of 2.47 (95%CI: 
1.93-3.02), 1.69 (95%CI: 1.26-2.11), and 1.17 (95%CI: 0.78-1.57) for 5, 10 and > 10-year 
lag periods, respectively. This is consistent with previous studies that have reported a 
20-fold increase in PC risk within the first 2 years following AP diagnosis[23,24]. 
Generally, PC patients may initially manifest symptoms similar to mild AP. 
Consequently, many cases may be inaccurately diagnosed as AP[32]. Based on this, Cho 
et al[33] suggested that occurrence of AP may be an indicator for PC, affirming the need 
for early examinations, after an interval of 3 to 4 wk, to allow for resolution of 
inflammatory changes secondary to the pancreatitis episode, especially in high-risk 
patients. Consequently, a spuriously strong overall association has been reported in 
patients misdiagnosed with AP, when in fact they had PC. This may explain the strong 
association observed between AP and PC risk within 1 year of AP diagnosis as well as 
the diminishing relationship after 1 year of diagnosis.

This study had some limitations. First, a pre-existing pancreatic cancer might go 
undetected, which clinically presented as acute pancreatitis. This can be attributed to 
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Figure 3  Forest plot of the association of acute pancreatitis and pancreatic cancer. Hollow diamonds represent pooled relative risk.

the following reasons: (1) It is possible that the physician treated a more common 
disease, such as gallstones or alcohol abuse, rather than focusing on a pre-existing 
pancreatic cancer. (2) The diagnosis of AP is based on imaging examination, such as 
contrast-enhanced computed tomography (CECT) and magnetic resonance imaging 
(MRI). However, a pancreatic tumor mass might be mistaken for an inflammatory 
mass in the acute setting even after CECT or MRI[34]. And (3) CECT and MRI are not 
the standard diagnostic tools for acute pancreatitis[35]. Although several patients with 
acute pancreatitis are subjected to such examinations during hospitalization and 
subsequent follow-up, it is possible that pre-existing pancreatic cancer is missed. 
Second, some studies included in this meta-analysis were too old. Recent prospective 
studies in this field will confirm the current state of knowledge in this area.

CONCLUSION
Overall, our findings indicated an association between AP and PC risk. Based on 
subgroup analyses, AP is unlikely to be a causal factor for PC.
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Figure 4  Subgroup analysis for different follow-up times. AP: Acute pancreatitis; CI: Confidence interval; EEs: Effect estimates; PC: Pancreatic cancer.
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Figure 5  Subgroup analysis for the type of research method.
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Figure 6  Risk of publication bias for developing acute pancreatitis in pancreatic cancer risk based on the Egger’s test.

Figure 7  Sensitivity analysis of included studies for developing acute pancreatitis in pancreatic cancer risk.
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ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer (PC) is a major cause of cancer-related deaths worldwide. Its 
prognosis is poor, and curative-intent surgery remains the only approach for 
improving survival rates of PC patients. However, fewer than 20% of PC patients are 
eligible for surgery following diagnosis, due to local disease progression and 
metastasis. Therefore, avoiding risk factors as well as early diagnosis represent the 
most essential approaches for improving the survival of PC patients.

Research motivation
Previous studies have revealed several risk factors for PC including diabetes, smoking 
and chronic pancreatitis. Although chronic pancreatitis has been associated with PC, 
the relationship between acute pancreatitis (AP) and PC risk remains unclear due to 
inconsistent and contradictory results.

Research objectives
We explored the association between AP and PC risk using a meta-analysis of 
retrospective and prospective studies.

Research methods
We first searched PubMed, Web of Science, Cochrane, and EMBASE databases for 
original articles associating AP with PC using. We then calculated combined overall 
effect estimates (EEs) between AP and PC risk at a 95% confidence interval (CI), using 
a random-effects model and assessed heterogeneity using the I2 test. Thereafter, we 
examined the relationship between AP and PC using combined relative risk (RR), at 
95%CI. Furthermore, we conducted publication bias and subgroup analyses, then 
analyzed sensitivities to explain the observed heterogeneity.

Research results
Eleven studies were eligible for inclusion in this meta-analysis, and resulted in a 
pooled EE of 2.07 (95%CI: 1.36-2.78) for AP and PC risk. Additionally, five prospective 
cohort studies reported 103961 patients in the AP group, relative to 1442158 subjects in 
the control group, with a pooled RR of 7.81 (95%CI: 5.00-12.19). Subgroup analyses, 
performed using different follow-up times, revealed pooled EEs of 23.47 (95%CI: 3.26-
43.68), 9.82, (95%CI: 3.01-16.64), 2.47 (95%CI: 1.93-3.02), 1.69 (95%CI: 1.26-2.11) and 1.17 
(95%CI: 0.78-1.57) for 1, 2, 5, 10 and > 10-year lag periods, respectively. Similar 
analyses targeting the type of research methods revealed EEs of 3.03 (95%CI: -1.02 to 
7.08, P = 0.141) and 2.09 (95%CI: 1.22-2.97) for case-control sand cohort studies, 
respectively.

Research conclusions
Overall, our findings indicated an association between AP and PC risk. Based on 
subgroup analyses, AP is unlikely to be a causal factor for PC.

Research perspectives
Although AP might not be a direct cause for PC risk, its occurrence could be an 
indicators for PC. Future studies are expected to elucidate the association between AP 
and PC risk across different follow-up times, in order to improve early PC diagnosis.
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