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BACKGROUND: Acute pancreatitis is linked to pancreatic cancer, but the direction of this association is not fully

elaborated.

METHODS: This was a population-based cohort study including all Swedish residents diagnosed with a first-time
episode of acute pancreatitis between 1997 and 2013 and corresponding matched pancreatitis-free

individuals from the general population. Hazard ratios for the association between acute pancreatitis

and pancreatic cancer were estimated using multivariable Cox regression models.

RESULTS:

Overall, 49,749 individuals with acute pancreatitis and 138,750 matched individuals without

acute pancreatitis were followed up for 1,192,134 person-years (median 5.3 years). A total of 769
individuals developed pancreatic cancer, of whom 536 (69.7%) had a history of acute pancreatitis.
The risk of pancreatic cancer was substantially increased during the first few years after a

diagnosis of acute pancreatitis but declined gradually over time, reaching a level comparable to the
pancreatitis-free population after >10 years of follow-up. In those with non-gallstone-related acute
pancreatitis, the risk of pancreatic cancer declined to a level comparable to the pancreatitis-free
population only when follow-up time was censored for a second episode of acute pancreatitis or a
diagnosis of chronic pancreatitis. Increasing number of recurrent episodes of acute pancreatitis was
associated with increased risk of pancreatic cancer.

CONCLUSION:

These findings imply a delay in the diagnosis of pre-existing pancreatic cancer, if clinically

presented as acute pancreatitis. Any association between non-gallstone-related acute pancreatitis
and pancreatic cancer in the long-term (>10 years) could be mediated through recurrent acute

pancreatitis or chronic pancreatitis.

SUPPLEMENTARY MATERIAL accompanies this paper at https:/doi.org/10.1038/s41395-018-0255-9
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BACKGROUND

Acute pancreatitis is linked to pancreatic cancer, but the direc-
tion of this association is not fully elaborated. It is well known
that acute pancreatitis can be the earliest clinical presentation of
pancreatic cancer [1], but owing to some aspects of the clinical
management, a pre-existing tumor might go undetected. In an
acute setting, even if contrast-enhanced computed tomography
(CECT) and magnetic resonance imaging (MRI) are performed,
which have high sensitivity in detecting a tumorous mass in the
pancreas [2], it might be difficult to distinguish between pan-
creatic inflammation due to acute pancreatitis and a pancreatic
tumor [3]. It is also possible that gallstones and alcohol abuse,
the most important risk factors for acute pancreatitis [4], are

mistaken as the cause of the disease instead of a pre-existing
pancreatic cancer. Thus, the diagnosis of a pre-existing pan-
creatic cancer might be delayed in some patients with acute
pancreatitis. To our knowledge, only one previous study has
investigated the potential delay in the diagnosis of pre-existing
pancreatic cancer in patients with acute pancreatitis [5]. In
that study, based on US military veterans, there was a mark-
edly increased risk of pancreatic cancer within the first year of
follow-up, which declined gradually and reached the same level
as individuals without acute pancreatitis after 4 years of follow-
up. However, the role of different type of pancreatitis (i.e., acute,
recurrent and chronic) on pancreatic cancer development was
not elaborated.
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While pancreatic cancer can be the cause of acute pancreatitis, it
is also plausible that inflammatory processes in the pancreas might
induce pancreatic cancer development [6]. This is particularly true
for chronic pancreatitis, which is strongly associated to pancreatic
cancer [7], whereas the role of acute pancreatitis is less clear. Most
studies to date have not been able to distinguish between differ-
ent types of pancreatitis, which makes it impossible to estimate
the association between acute pancreatitis, per se, and risk of pan-
creatic cancer [8-13]. To our knowledge, only three studies have
investigated the long-term (>10 years) role of acute pancreatitis in
the development of pancreatic cancer. While two Swedish studies,
using regional [14] and national [15] data, showed no association
between acute pancreatitis and pancreatic cancer beyond 10 years
of diagnosis of acute pancreatitis; a recent study from Denmark,
using national data [16], found a positive association between
acute pancreatitis and pancreatic cancer beyond 10 years of diag-
nosis. However, the studies from Sweden had no matched refer-
ence populations, which made statistical adjustment for potential
confounders impossible, whereas the study from Denmark did not
explore the role of recurrent acute pancreatitis and chronic pan-
creatitis, developed after a first episode of acute pancreatitis, in the
development of pancreatic cancer.

By using a large population-based matched cohort with a long
follow-up, and by considering potentially important confounders
and different types of acute pancreatitis, we aimed to investigate
the short- and long-term association between acute pancreatitis
and risk of pancreatic cancer.

METHODS

Study design and setting

In this population-based cohort study, the risk of pancreatic can-
cer in individuals (aged 18 years or older) who were hospitalized
for a first-time episode of acute pancreatitis between January 1,
1997 and December 31, 2013 was compared to the correspond-
ing risk in a matched pancreatitis-free population. Data on acute
pancreatitis, pancreatic cancer and potential confounders were
obtained from high-quality and validated Swedish national regis-
ters (as described below). The Swedish personal identity number,
uniquely assigned to each Swedish resident, allowed for accurate
linkage between registers [17]. The study was approved by the
Central Ethical Review Board in Stockholm, Sweden.

Data sources
The Swedish Patient Register, first introduced in 1964, has had
complete national coverage on all inpatient care in Sweden since
1987. In 2001, the register was expanded to also include special-
ized outpatient care. The accuracy of the International Classifi-
cation of Diseases (ICD) coding in the inpatient component of
the Swedish Patient Register has been previously validated, with
overall positive predictive values of 85-95% [18]. The validity of a
diagnosis of acute pancreatitis, specifically, has also been proven
to be high, with a positive predictive value of 83% for definitive
disease and 98% for probable disease [19].

The Swedish Cancer Register contains, since 1958, information
on all newly diagnosed cancers in Sweden. Each record includes,
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among others, information on tumor site (according to the most
recent ICD code and translated into ICD-7 codes) and histological
tumor type.

The Causes of Death Register contains information on the date
of death for all deceased Swedish residents since 1952 and also has
data on cause-specific death (complete to 99.2%) [20].

The Register of the Total Population was used to collect data on
sex, year of birth, municipality of residence, country of birth and
date of emigration. The register covers all Swedish residents since
1968 [21].

The Swedish Educational Register was used to collect data on the
highest formal education by each study individual [22].

Ascertainment of exposure (acute pancreatitis) and outcome
(pancreatic cancer)
Individuals who were discharged from hospital with a first-time
diagnosis of acute pancreatitis (ICD-10: K85) between 1997 and
2013 were identified through the Swedish Patient Register. None
of these individuals had been previously diagnosed with acute or
chronic pancreatitis prior to year 1997 (see Appendix 1 for details
and ICD codes). Gallstone-related acute pancreatitis was classi-
fied as episodes with gallstone-related disease (ICD-10: K800-9,
K851) or gallstone-related surgery (The 7th version of the Swed-
ish Classification of Operations and Major Procedures: JKA20-21,
JKB00-01, JKE00, JKE02, JKE12, JKE18, JKE25, UJK02, UJK05)
[23] within the first 3 months of the hospitalization date, either
during the same hospital admission or after hospital discharge.
All other episodes were classified as non-gallstone-related acute
pancreatitis. Recurrent acute pancreatitis was defined as a new
episode of acute pancreatitis more than 3 months after the first
episode of the disease. The same time window was used to define
development of chronic pancreatitis (ICD-10: K86).

Using the Swedish Cancer Register, all cases of pancreatic cancer
(ICD-10: C25) in the study cohort between 1997 and 2013 were
identified.

Matching procedure

For each individual with acute pancreatitis, up to 3 individuals
from the Swedish background population, without a history of
acute or chronic pancreatitis, were randomly matched for age,
sex, calendar period and municipality of residence. The matched
individuals were alive and residing in Sweden at the date of hospi-
talization for their index-individual with acute pancreatitis. Indi-
viduals who developed acute pancreatitis after the matching date
were considered pancreatitis-free prior to their date of hospital
admission and were, therefore, considered eligible for the match-
ing procedure.

Covariates

Education level was categorized in school attainment of less than
10 years, 10-12 years and more than 12 years. Country of birth
was defined as born in Sweden or born outside Sweden. A revised
version of the Charlson Comorbidity Index (see Appendix 1 for
details and ICD codes) was used to assess comorbidities (0, 1, 2,
>3 comorbidities). In addition, a number of alcohol-related dis-
orders were identified through the Swedish Patient Register to
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create a proxy for alcohol abuse (see Appendix 1 for details and
ICD codes).

Exclusions

Exclusions were made for individuals with (1) reused or errone-
ous personal identity number, (2) diagnosis of malignant tumor
within 5 years before study inclusion, because of the potentially
increased surveillance of these individuals in different cancer
follow-up programs and (3) diagnosis of pancreatic cancer before
study inclusion irrespective of its timing. Furthermore, individu-
als with acute pancreatitis who had a record of chronic pancreati-
tis within the first 3 months of follow-up were excluded, because
of the high probability that they already had chronic pancreatitis
misdiagnosed as acute pancreatitis.

Statistical analyses

Person-years were calculated from the date of admission for acute
pancreatitis (or the corresponding index date for matched indi-
viduals) until the date of pancreatic cancer, death, emigration or
end of study period (December 31, 2013), whichever occurred
first. To avoid detection of pancreatic cancer through tumor diag-
nostics for other cancers, censoring was also made at the date of
other malignant tumors (excluding non-melanoma skin cancers).
Multivariable Cox regression analyses were performed to calculate
hazard ratios (HRs) and corresponding 95% confidence intervals
(ClIs) for pancreatic cancer. Two statistical models were con-
structed: Model 1 included the matching variables age, sex, calen-
dar period and municipality of residence; and Model 2 included,
in addition, country of birth (Sweden, other), educational level
(<10, 10-12, >12 years), the Charlson Comorbidity Index (0, 1,
2, >3) and alcohol abuse (no, yes). In a sensitivity analysis, we fur-
ther included chronic obstructive pulmonary disease (as a proxy
variable for smoking) and diabetes mellitus as separate variables.
To estimate the potential mediating role of recurrent acute pan-
creatitis and chronic pancreatitis in the development of pancreatic
cancer in individuals with acute pancreatitis, an additional sensi-
tivity analysis was performed by censoring the follow-up time at
the date of a second episode of acute pancreatitis or a diagnosis of
chronic pancreatitis, whichever occurred first.

The proportional hazards assumption was tested by including
an interaction term between follow-up time and exposure status
in Model 2. Because of deviation from the proportional hazards
assumption, the follow-up time was categorized into 9 categories
(<2 months, >2-6 months, >6 months-1 year, >1-2 years, >2-3
years, >3-4 years, >4-5 years, >5-10 years, >10 years). Strati-
fied analyses were performed by the type of acute pancreatitis, age,
sex and calendar period. Rates of pancreatic cancer for individuals
with and without acute pancreatitis were calculated for each cat-
egory of follow-up time (as defined above). Due to the matching,
the rates in the pancreatitis-free population were standardized to
the distribution of age, sex, calendar period and municipality of
residence in the pancreatitis population.

Additional analyses were performed in individuals who devel-
oped recurrent acute pancreatitis and/or chronic pancreatitis
during the follow-up. Time-varying covariates for recurrent epi-
sodes of acute pancreatitis (0, 1, 2, >3) and chronic pancreatitis
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were added to the statistical models. In these models, the statistical
analyses were unmatched.

To identify a high-risk population for pancreatic cancer, we
stratified the cohort with acute pancreatitis in nine age groups (18-
39, 40-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, >80 years).
We then made two assumptions: a) lesions diagnosed within the
first 2 years of follow-up were detectable at baseline and b) factors
other than patient-related factors, such as hospital routines and
availability of imaging techniques, affected the diagnosis of a lesion
within the first 2 months of follow-up (i.e., during hospitalization
and the related follow-up time). Cox regression analysis including
age, sex, calendar period, education level, country of birth, type of
acute pancreatitis, chronic obstructive pulmonary disease, diabe-
tes mellitus, the Charlson Comorbidity Index and alcohol abuse
were used to assess patient-related risk factors for the development
of pancreatic cancer between 2 months and 2 years after hospitali-
zation for acute pancreatitis.

The results were further stratified by tumor histology, since it is
plausible that acute pancreatitis might lead to an earlier diagnosis
of pancreatic cancer and result in a higher probability of surgery
with curative intent and a less advanced cancer. Using multivari-
able logistic regression analyses, the probability of surgery with
curative intent (procedures codes for pancreatic cancer with cura-
tive intent: JLC00-99) was compared in individuals with and with-
out acute pancreatitis. Information on tumor stage was available in
the Swedish Cancer Register between 2004 and 2013. Tumors were
classified as localized (T-classification<T3) or locally advanced
(T-classification>T3). Information on distant metastasis was also
available. Using multivariable logistic regression analyses, the
probability of having an advanced tumor extent or distant metas-
tasis was compared in individuals with and without acute pancrea-
titis. P-value for trend was analyzed by the Wald test. Statistical
significance was set at a two-sided P-value equal to 0.05. All statis-
tical analyses were performed using Stata, version 14.1 (StataCorp,
College Station, TX).

RESULTS
In total, 49,749 individuals with a first-time episode of acute pan-
creatitis and 138,750 matched individuals without the disease
were included in the study (median age 62 and 61 years, respec-
tively). Compared to the matched population, individuals with
acute pancreatitis were less likely to have a higher education and
more likely to have a greater number of comorbidities as well as
an alcohol abuse (Table 1). More than half of the individuals with
acute pancreatitis had a non-gallstone-related episode (58.1%).
After a median follow-up of 5.32 years (total follow-up 292,192
person-years), there were 536 (1.1%) cases of pancreatic can-
cer among those diagnosed with acute pancreatitis (Table 2). Of
these, 175 (32.6%) were diagnosed within the first 2 months of
follow-up, 304 (56.7%) between 2 months and 5 years, 42 (7.8%)
between 5 and 10 years and 15 (2.9%) after more than 10 years. In
the pancreatitis-free population, 233 (0.2%) had pancreatic can-
cer after a median follow-up of 5.51 years (total follow-up 899,942
person-years). In total, 3 (0.1%) were diagnosed within the first 2
months of follow-up, 126 (54.1%) between 2 months and 5 years,
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Table 1 Distribution of baseline characteristics in the population
with a first-time episode of acute pancreatitis and in the matched
population without the disease (1997-2013)

Age (years), median
(range)

Age (years), n (%)
18-39
40-49
50-59
60-69
70-79
>80
Sex, n (%)
Men
Women
Calendar period, n (%)
1997-1999
2000-2004
2005-2009
2010-2013
Education (years), n (%)
<10
10-12
>12
Unknown
Country of birth, n (%)
Sweden
Outside of Sweden
Comorbidity, n (%)°
None
1
2
>3
Alcohol abuse, n (%)°
No

Yes

Acute pancrea-
titis population
(n=49,749)

62 (18-103)

7,829 (15.8)
6,187 (12.4)
8,402 (16.9)
9,266 (18.6)
8,947 (18.0)
9,118 (18.3)

25,573 (51.4)
24,176 (48.6)

7,610 (15.3)

13,706 (27.5)
14,467 (29.1)
13,966 (28.1)

19,561 (39.3)
19,947 (40.1)
8,492 (17.1)
1,749 (3.5)

41,999 (84.4)
7,750 (15.6)

31,105 (62.5)
9,235 (18.6)
4,504 (9.0)
4,905 (9.9)

45,198 (90.9)
4,551 (9.1)

Type of acute pancreatitis, n (%)

Gallstone-related

Non-gallstone related

20,818 (41.9)
28,931 (58.1)

Matched
population
(n=138,750)

61 (18-103)

23,032 (16.6)
18,012 (13.0)
23,894 (17.2)
25,620 (18.5)
23,980 (17.3)
24,212 (17.4)

71,019 (51.2)
67,731 (48.8)

21,261 (15.3)
38,251 (27.6)
40,277 (29.0)
38,961 (28.1)

47,497 (34.2)
55,173 (39.8)
32,152 (23.2)
3,928 (2.8)

120,327 (86.7)
18,423 (13.3)

102,666 (74.0)
20,474 (14.8)
8,517 (6.1)
7,093 (5.1)

135,159 (97.4)
3,591 (2.6)

P-
value?

<0.01

<0.01

0.40

1.00

<0.01

<0.01

<0.01

<0.01

aFor categorical variables, the P-values were calculated by the x*-test. For
continuous variables (age), the P-values were calculated by the Mann-Whitney

U-test

bAccording to the Charlson Comorbidity Index (see Appendix 1 for details)
°Based on a number of codes for alcohol-related disorders in the International
Classification of Diseases (see Appendix 1 for details)
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65 (27.9%) between 5 and 10 years and 39 (16.9%) after more than
10 years.

Individuals with acute pancreatitis had an increased risk of pan-
creatic cancer compared to pancreatitis-free individuals. The mag-
nitude of the HR was the highest within the first 2 months of the
diagnosis of acute pancreatitis (HR 172.84; 95% CI: 54.85-544.66)
and declined gradually over time, reaching a level comparable to
the pancreatitis-free population after >10 years of follow-up (HR
1.27; 95% CI: 0.69-2.33) (Table 2, Fig. 1). Further adjustment for
chronic obstructive pulmonary disease and diabetes mellitus had
negligible influence on the results (Appendix 2). The results were,
however, attenuated after censoring the follow-up time for a sec-
ond episode of acute pancreatitis or a diagnosis of chronic pancre-
atitis (e.g., HR 0.68; 95% CI: 0.28-1.67 for >10 years of follow-up)
(Table 2).

When stratifying the analyses over the type of acute pan-
creatitis, the HRs of pancreatic cancer following a diagnosis of
gallstone-related acute pancreatitis remained increased during
the first 4 years of follow-up and dropped to a level comparable
to the pancreatitis-free population thereafter (Table 3). The cor-
responding HRs following a diagnosis of non-gallstone-related
acute pancreatitis remained increased throughout the entire
follow-up period, even though its magnitude declined stead-
ily over time, reaching a HR of 2.02 (95% CI: 1.03-3.97) after
>10 years of follow-up. However, after censoring the follow-up
time for a second episode of acute pancreatitis or a diagnosis of
chronic pancreatitis, the risk reached a similar level of that in
the matched population (HR 0.86; 95% CI: 0.28-2.60). Stratifi-
cation for sex, age or calendar period did not change the HRs in
a meaningful way (Appendix 3-5).

In total, 8116 persons developed a second episode of acute
pancreatitis, with a median time of 0.8 years (range 91 days-16.4
years) between the first and the second diagnosis. Among these,
99 (1.2%) developed pancreatic cancer. The risk of pancreatic can-
cer was excessively increased within the first 2 years of follow-up
after a recurrent episode of acute pancreatitis (Table 4). Although
substantially lower, the risk remained increased after 2 years of fol-
low-up, particularly in those with three or more episodes of acute
pancreatitis (HR 7.47; 95% CI: 4.16-13.42). This risk declined (HR
4.44; 95% CI: 1.81-10.89), but remained statistically significant,
after censoring for a diagnosis of chronic pancreatitis.

In total, 2363 individuals with acute pancreatitis developed
chronic pancreatitis after a median follow-up of 2.66 years (range
91 days-16.9 years), among whom 58 (2.5%) developed pancreatic
cancer. The HR of pancreatic cancer was the highest within the first
2 years of the diagnosis of chronic pancreatitis (HR 103.59; 95%
CL: 69.25-154.98) and declined substantially thereafter (HR 4.29;
95% CI: 1.97-9.33) (Table 5).

The risk of pancreatic cancer between 2 months and 2 years
after hospitalization for acute pancreatitis was highest in indi-
viduals aged 60-64 (1.0%), 65-69 (0.9%) and 70-74 (0.9%) years
of age (with risk estimates ranging between 0.04% and 0.6% for
all other age groups); and we, therefore, restricted the analysis
of patient-related risk factors to individuals aged 60 to 74 years.
In a multivariable analysis of these individuals, although not
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Table 2 Hazard ratios (HRs) and corresponding 95% confidence intervals (Cls) for pancreatic cancer in individuals with acute pancreatitis

compared with matched individuals without the disease

Total population (main analysis)

Acute pancrea- Matched HR (95% CI)*
titis population population
(n=49,749) (n=138,750)

Number of events/
person-years

Number of events/
person-years

Follow-up time

0-2 months  175/7,787 3/22,602 169.27
(54.07-529.92)°
2-6 months  93/14,736 9/43,927 30.80
(15.54-61.03)°
6 months— 73/21,439 22/64,494 10.01
1 year (6.21-16.12)°
1-2 years 64/38,475 32/116,377 6.05
(3.98-9.21)°
2-3 years 34/33,857 19/102,898 5.43
(3.10-9.53)°
3-4 years 22/29,744 25/90,784 2.69
(1.52-4.78)°
4-5 years 18/25,894 19/79,551 291
(1.53-5.54)°
5-10years  42/85,411 65/266,929 2.02
(1.37-2.98)¢
>10 years 15/34,849 39/112,380 1.24
(0.68-2.25)

Total population (censoring of follow-up at recurrent acute

pancreatitis or chronic pancreatitis)

HR (95% CI)* Acute pancrea- Matched HR (95% CI)*
titis population population
(n=49,749) (n=138,750)

Number of events/
person-years

Number of events/
person-years

172.84 174/7,789 3/22,603 171.64
(54.85-544.66)° (54.46-540.94)°
30.84 84/14,414 9/43,019 27.82
(15.39-61.80)¢ (13.83-55.99)¢
9.92 49/19,865 21/59,574 6.95
(6.09-16.14)° (4.12-11.75)°
5.78 32/34,122 29/103,851 3.25
(3.73-8.95) (1.91-5.55)¢
5.43 13/29,008 14/88,841 2.73
(3.01-9.80) (1.19-6.29)¢
2.68 15/24,895 21/76,693 2.24
(1.50-4.76)° (1.17-4.32)¢
2.70 15/21,346 16/62,226 2.80
(1.37-5.30) (1.34-5.81)°
191 27/68,695 52/216,387 1.62
(1.30-2.82) (1.02-2.57)¢
1.27 6/27,516 26/88,089 0.68
(0.69-2.33) (0.28-1.67)

aCox regression analyses including the matching variables (age, sex, municipality of residence and calendar period)
"Cox regression analyses including the matching variables (age, sex, municipality of residence and calendar period), education level (<10, 10-12, >12 years), country of
birth (Sweden, other), the Charlson Comorbidity Index (0, 1, 2, >3 comorbidities) and alcohol abuse (no, yes)

¢P-value<0.01
¢P-value<0.05
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Fig. 1 Incidence rates for pancreatic cancer in individuals with acute
pancreatitis (solid line) and in individuals without acute pancreatitis
(dashed line), matched for sex, year of birth, calendar period and
municipality of residence

statistically significant, diabetes mellitus (HR 1.87, 95% CI 0.97-
3.68) and chronic obstructive pulmonary disease (HR 2.02; 95%
CI 0.95-4.33) were positively associated with risk of pancreatic
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cancer (Appendix 6). As expected, those with non-gallstone-
related acute pancreatitis had a higher risk of pancreatic cancer
than those with gallstone-related acute pancreatitis (HR 1.91;
95% CI: 1.29-2.82).

Adenocarcinoma was the most common tumor histology for
pancreatic cancer (82.5% in those with acute pancreatitis, 68.2%
in those without acute pancreatitis). Other tumor forms included
specified types of cancers, such as sarcomas and mucinous tumors
(8.1% in those with acute pancreatitis, 11.9% those without acute
pancreatitis), and unspecified tumors (9.1% in those with acute
pancreatitis, 18.5% in those without acute pancreatitis). Restricting
the analysis to individuals with adenocarcinoma did not change
the association between acute pancreatitis and risk of pancreatic
cancer in a meaningful way (Appendix 7).

The probability of surgery with curative intent was compared
between individuals with and without acute pancreatitis (n = 688).
The analyses did not include individuals older than 80 years, since
no pancreatic cancer surgery with curative intent was performed
on these individuals in our data. In a multivariable model, the
probability of pancreatic surgery with curative intent was highest
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Table 3 Hazard ratios (HRs) and corresponding 95% confidence intervals (Cls) for pancreatic cancer in individuals with acute pancreatitis

compared with matched individuals without the disease, by type of acute pancreatitis

Pancreatic cancer
Gallstone-related HR (95% CI)?
pancreatitis

(n=20,818)

Matched popula-
tion (n=58,021)

Number of events/
person-years

Number of events/
person-years

Follow-up time

0-2 months  86/3,315 1/9,448 246.04
(34.23-1769.67)°
2-6 months  35/6,318 6/18,327 16.34
(6.83-39.07)°
6 months—  20/9,212 9/26,844 6.42
1 year (2.88-14.28)°
1-2 years 11/16,546 9/48,177 3.68
(1.43-9.47)°
2-3 years 9/14,550 12/42,185 2.45
(1.00-6.00)°
3-4 years 8/12,784 7/37,036 3.30
(1.21-5.03)°
4-5 years 2/11,115 8/32,313 0.76
(0.17-3.34)
5-10years 7/36,386 29/105,818 0.69
(0.30-1.59)
>10years 2/14,425 13/42,039 041
(0.09-1.80)

Non-gallstone
related acute
pancreatitis

(n=28,931)

Number of events/
person-years

Matched popula-
tion (n=80,729)

Number of events/
person-years

HR (95% Cl)*

Censoring of fol-
low-up at recurrent
acute or chronic
pancreatitis

HR (95% CI)

89/4,472 2/13,154 129.04 126.95
(31.18-533.93)° (30.67-525.47)°
58/8,418 3/25,600 60.62 51.82
(18.32-200.56)° (15.51-173.12)°
35/12,228 13/37,650 12.48 9.88
(6.62-23.52)° (5.01-19.48)°
53/21,928 23/68,200 7.37 3.70
(4.44-12.24)° (1.91-7.16)°
25/19,306 7/60,713 12.96 7.36
(5.43-30.94)° (2.38-22.75)°
14/16,960 18/53,743 2.54 1.98
(1.22-5.26)° (0.83-4.73)
16/14,779 11/47,238 4.88 5.26
(2.23-10.71)° (2.23-12.38)°
35/49,025 36/161,111 3.05 2.85
(1.90-4.88)° (1.60-5.06)°
13/20,423 26/70,347 2.02 0.86
(1.03-3.97)° (0.28-2.60)

aCox regression analyses including the matching variables (age, sex, municipality of residence and calendar period), education level (<10, 10-12, >12 years), country of
birth (Sweden, other), the Charlson Comorbidity Index (0, 1, 2, >3 comorbidities) and alcohol abuse (no, yes)

®P-value<0.01
¢P-value<0.05

when the pancreatic cancer was diagnosed within 6 months
after the diagnosis of acute pancreatitis (odds ratio 2.16, 95% CI:
1.30-3.57) as compared to individuals without acute pancreatitis
(Appendix 8). This probability declined with time from the diag-
nosis of acute pancreatitis (p-trend < 0.01). Restricting the analy-
ses to those with adenocarcinoma did not substantially change the
results.

Information on tumor stage was available for a subset of the
population between 2004 and 2013 (n=577), of whom 116 indi-
viduals (20.1%) had a localized cancer (T classification <T3),
261 (45.2%) had a tumor with extent beyond the pancreas and
200 (34.7%) had unknown tumor size. In a multivariable model
including individuals with known tumor extent, the probability of
an advanced tumor extent increased with time following the diag-
nosis of acute pancreatitis as compared to individuals without the
disease (p-trend <0.01) (Appendix 9). Restricting the analysis to
individuals with adenocarcinoma made the association slightly
stronger. There was no clear association between the timing of
tumor diagnosis after acute pancreatitis and tumor metastasis
(Appendix 9).
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DISCUSSION

In this population-based nationwide cohort study, the relative risk
of pancreatic cancer was markedly increased during the first few
years after a diagnosis of acute pancreatitis, but declined gradually
over time and reached the same level as in the matched general
population after >10 years of follow-up. In those with non-
gallstone-related acute pancreatitis, the risk remained increased
throughout the entire follow-up period, including follow-up of
>10 years, but declined to the same level as the pancreatitis-free
population after censoring the follow-up time for a second epi-
sode of acute pancreatitis or a diagnosis of chronic pancreatitis.
Consistently, the risk of pancreatic cancer in individuals who
developed recurrent acute pancreatitis and chronic pancreatitis
was markedly increased within the first 2 years of follow-up and
declined thereafter.

The strengths of this study included the large study popula-
tion, the complete nationwide coverage of the Swedish national
registries (including those of death and emigration), the acces-
sibility of the Swedish healthcare system to all Swedish residents
and the use of a randomly selected matched comparison cohort,
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Table 4 Hazard ratios (HRs) and corresponding 95% confidence intervals (Cls) for pancreatic cancer in individuals with recurrent acute
pancreatitis compared with individuals without any history of pancreatitis

Pancreatic cancer
Follow-up time 0-2 years

Number of events/ HR (95% CI)?

person-years

Recurrent acute pancreatitis

None 354/75,391 17.82 (13.66-23.26)°
1 35/8,823 20.80 (13.60-31.83)°
2 17/3,852 28.16 (16.14-49.14)°
>3 24/3,999 44.44 (27.51-71.80) °
Individuals without 66/247,401 1 (Reference)

acute pancreatitis

>2 years

Number of events/ HR (95% CI)* HR (95% CI)

person-years

83/172,183 1.92 (1.47-2.51)° 1.53(1.16-2.02)°
6/14,732 1.54 (0.67-3.52) 0.81 (0.33-1.98)
4/5,263 2.96 (1.10-7.94)° 1.25 (0.40-3.92)
13/7,847 7.47 (4.16-13.42)° 4.44 (1.81-10.89)°

167/652,242 1 (Reference) 1 (Reference)

“Cox regression analyses including age (18-39, 40-49, 50-59, 60-69, 70-79, >80 years), sex, calendar period (1997-1999, 2000-2004, 2005-2009, 2010-2013),
education level (<10, 10-12, >12 years), country of birth (Sweden, other), the Charlson Comorbidity Index (0, 1, 2, >3 comorbidities) and alcohol abuse (no, yes).

aCensoring for a diagnosis of chronic pancreatitis
bP-value<0.01
¢P-value<0.05

Table 5 Hazard ratios (HRs) and corresponding 95% confidence
intervals (Cls) for pancreatic cancer in individuals with chronic
pancreatitis compared with individuals without any history of
pancreatitis

Pancreatic cancer

Population without HR (95% CI)?
any pancreatitis

(n=138,750)

Population de-
veloping chronic
pancreatitis
(n=2359)

Number of events/
person-years

Number of events/
person-years

Follow-up time

0-2 years 51/3,764 66/247,401 103.59
(69.25-154.98)°

>2 years 717,287 167/652,242 4.29
(1.97-9.33)°

aCox regression analyses including age (18-39, 40-49, 50-59, 60-69, 70-79,
>80 years), sex, calendar period (1997-1999, 2000-2004, 2005-2009,
2010-2013), education level (<10, 10-12, >12 years), country of birth (Swe-
den, other), the Charlson Comorbidity Index (0, 1, 2, >3 comorbidities) and
alcohol abuse (no, yes)

bP-value<0.01

which made it possible to control for potentially important con-
founders. These advantages reduce selection and confounding
bias and facilitate generalizability of the results. The high accu-
racy of a recorded diagnosis of acute pancreatitis in the Swedish
Patient Register [19] also ensures a low misclassification of the
exposure. In addition, all pancreatic cancers were verified his-
tologically in the Swedish Cancer Register, ensuring diagnostic
accuracy. There were, however, some study limitations. We had
no individual information on some important risk factors for
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pancreatic cancer, such as smoking [24] and obesity [25]. While
these risk factors might play a role in the development of pan-
creatic cancer, a markedly increased risk of pancreatic cancer
during the first few years after a diagnosis of acute pancreatitis
is unlikely to be fully explained by confounding by these fac-
tors. Furthermore, some individuals with gallstone-related acute
pancreatitis might have been misclassified as having a non-gall-
stone-related episode, and vice versa. However, based on the
similar results for both disease types, especially for the first 4
years of follow-up, such misclassification should have had no
meaningful impact on our findings.

In a previous study by Munigala and colleagues, the risk of
pancreatic cancer was compared between US military veterans
with acute pancreatitis (n=>5720) and with other health con-
ditions (n=489,784) [5]. In that study, the risk of pancreatic
cancer was markedly increased within the first year after a diag-
nosis of acute pancreatitis (HR 66.01; 95% CIL: 47.24-92.23)
but declined gradually and reached a level comparable to the
pancreatitis-free individuals during the fourth year of follow-up
(HR 1.05; 95% CI: 0.14-7.68). In a recent study from the Neth-
erlands, the risk of pancreatic cancer was investigated in 731
patients who had developed a first episode of acute pancreati-
tis [26]. Among 51 patients who developed chronic pancreatitis
during the follow-up, 2 (3.9%) developed pancreatic cancer. The
corresponding number among those without chronic pancrea-
titis was 3 pancreatic cancer cases (0.4%). In our study, we were
able to distinguish between different types of acute pancreatitis.
In those with gallstone-related acute pancreatitis, the elevated
risk of pancreatic cancer was confined to the first 4 years of
follow-up, whereas in those with non-gallstone-related acute
pancreatitis, this risk was confined to the first 10 years of fol-
low-up (and even longer, when the follow-up time was not cen-
sored for a second episode of acute pancreatitis or a diagnosis
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of chronic pancreatitis). Furthermore, to our knowledge, this is
the first study that has been able to examine the role of recur-
rent acute pancreatitis and chronic pancreatitis, developed after
a first-time episode of acute pancreatitis, on pancreatic cancer
development. For both conditions, the risk of pancreatic can-
cer increased markedly within the first 2 years of follow-up,
before sharply declining. Thus, irrespective of the type of pan-
creatitis (acute, recurrent acute or chronic) or acute pancreatitis
(gallstone-related or non-gallstone-related), there seems to be a
markedly increased risk of pancreatic cancer during the first few
years of diagnosis, indicating a delay in the diagnosis of a pre-
existing pancreatic cancer.

Interestingly, the risk of pancreatic cancer seemed to increase
with increasing number of recurrent episodes of acute pancreati-
tis, even after censoring the follow-up for development of chronic
pancreatitis, indicating that recurring pancreatic inflammation
might be an independent risk factor for pancreatic cancer.

There are several reasons why a pre-existing pancreatic cancer,
if clinically presented as acute pancreatitis, might go undetected.
First, even if CECT or MRI is performed, a pancreatic tumor
mass might be mistaken as an inflammatory mass in the acute
setting [3]. Second, it is possible that the treating physician set-
tles for a more common disease cause, such as gallstones or alco-
hol abuse, than to search for a pre-existing pancreatic cancer.
Third, the use of CECT or MRI is not standard in the diagnostic
work-up acute pancreatitis [27-29]. While a number of patients
with acute pancreatitis will still undergo such examinations dur-
ing hospitalization and the related follow-up, as shown by the
fact that pancreatic cancer cases diagnosed within 6 months
of hospitalization were more likely to be localized and have a
higher probability of surgery with curative intent, our results do
highlight the need of improved diagnostic work-up in high-risk
patients aged 60 to 74 years, especially in those with non-gall-
stone-related acute pancreatitis, a smoking history and a diag-
nosis of diabetes mellitus, in whom timely use of CECT or MRI
could be of great importance. Such examinations should be per-
formed earliest after an interval of 3 to 4 weeks to allow for reso-
lution of inflammatory changes secondary to the pancreatitis
episode [30].

It is biologically plausible that inflammation in the pancreas
might induce pancreatic cancer, and it has even been suggested
that there is a continuous relationship between benign and
malignant pancreatic diseases [4]. Familial chronic pancreati-
tis is a strong risk factor of pancreatic cancer [31] and chronic
inflammation in the pancreas might induce carcinogenic changes
through mutations [32]. In experimental settings, an episode of
acute pancreatitis seems to accelerate the initiation and progres-
sion of pancreatic cancer in mice expressing oncogenic KRAS
[33]. Assuming that there is a causal association between acute
pancreatitis and pancreatic cancer, it would be expected that the
risk of pancreatic cancer is increased even in the long-term, that
is, more than 10 years after diagnosis. While two population-
based Swedish studies [14, 15] found no association between
acute pancreatitis and pancreatic cancer when study subjects
were followed for 10 years or more, a recent population-based
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study from Denmark found a more than two-fold increased risk
of pancreatic cancer beyond 10 years of diagnosis of acute pan-
creatitis [16]. The studies from Sweden had a limited number of
events, which did not allow for estimation of the role of differ-
ent types of acute pancreatitis, and could not adjust for poten-
tial confounders [14, 15]. The finding in the Danish study is in
line with that in our study before the analysis was censored for
development of recurrent acute pancreatitis and/or chronic pan-
creatitis [16]. In our large matched study setting, we observed
no association between gallstone-related acute pancreatitis and
pancreatic cancer in the long-term, indicating that the short-
term association is due to tumor-related ductal obstruction and/
or delayed diagnosis of pre-existing pancreatic cancer. For non-
gallstone-related acute pancreatitis, however, the risk of pancre-
atic cancer remained increased even after 10 years of follow-up;
and it only declined to a level comparable to the pancreatitis-
free population after censoring the follow-up for a the second
episode of acute pancreatitis or a diagnosis of chronic pancrea-
titis. Thus, it seems that the long-term association between non-
gallstone-related acute pancreatitis and pancreatitis cancer, if
any, is mediated through recurrent acute pancreatitis or chronic
pancreatitis. However, considering potential unmeasured and
residual confounding by smoking, obesity and alcohol abuse, the
magnitude of this association is most likely weaker than what
was observed in our study.

In conclusion, we observed a markedly increased risk of pancre-
atic cancer following a first-time diagnosis of acute pancreatitis,
irrespective of its type, which declined gradually over time. The
same risk trend was observed for those who developed recurrent
acute pancreatitis and chronic pancreatitis. These findings imply a
delay in the diagnosis of pre-existing pancreatic cancer, if clinically
presented as acute pancreatitis. Thus, our results give credence to
the timely use of CECT or MRI in the diagnostic work-up of acute
pancreatitis, especially in high-risk patients aged 60 to 74 years.
They are also indicative of an association between non-gallstone-
related acute pancreatitis and pancreatic cancer in the long-term,
which could be mediated through recurrent acute pancreatitis or
chronic pancreatitis. In support of this was he finding that increas-
ing number of recurrent episodes of acute pancreatitis was an
independent risk factor for pancreatic cancer.

CONFLICTS OF INTERESTS

Guarantor of the article: Sadr Azodi, Omid

Specific author contributions: Study planning: All authors. Data
collection: OSA. Interpretation of data: All authors. Statistical analy-
sis: OSA, AD. Drafting the manuscript: OSA, VO. Critical revision
of the manuscript for important intellectual content: All authors. All
authors have approved the final draft.

Financial support: This study was supported by grants from the
Swedish Society of Medicine, the Centre for Clinical Research S6rm-
land, Uppsala University and Uppsala-Orebro Research Council.
None of the funders had any role in the study design, collection,
analysis, interpretation or writing of the manuscript.

Potential competing interests: The authors declare that they have
no potential competing interests.

VOLUME 113 | NOVEMBER 2018 www.nature.com/ajg



WHAT IS CURRENT KNOWLEDGE

Acute pancreatitis might be the earliest clinical presenta-
tion of pancreatic cancer.

The diagnosis of pancreatic cancer in patients with acute
pancreatitis might be delayed.

The role of acute pancreatitis as a risk factor for pancreatic
cancer is rarely studied.

WHAT IS NEW HERE

\/ The diagnosis of a pre-existing pancreatic cancer, if clini-
cally presented as acute pancreatitis, is delayed.

Earlier diagnosis of pancreatic cancer after a first episode
of acute pancreatitis is associated with a less advanced
cancer and increases the probability of surgery with cura-
tive intent.

Non-gallstone-related acute pancreatitis was positively
associated with pancreatic cancer in the long-term (more
than 10 years). This association could be mediated through
recurrent acute pancreatitis or chronic pancreatitis.

Increasing number of recurrent episodes of acute pancrea-
titis was an independent risk factor for pancreatic cancer.
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