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Abstract
Background Chronic pancreatitis (CP) is a risk factor for pancreatic ductal adenocarcinoma (PDAC); nevertheless, the true 
incidence of PDAC in CP patients in the United States remains unclear.
Aims We evaluated the risk of developing PDAC two or more years after a new diagnosis of CP.
Methods Retrospective study of veterans from September 1999 to October 2015. A three-year washout period was applied 
to exclude patients with preexisting CP and PDAC. PDAC risk was evaluated in patients with new-diagnosis CP and com-
pared with controls without CP using Cox-proportional hazards model. CP, PDAC, and other covariates were extracted 
using ICD-9 codes.
Results After exclusions, we identified 7,883,893 patients [new-diagnosis CP − 21,765 (0.28%)]. PDAC was diagnosed in 
226 (1.04%) patients in the CP group and 15,858 (0.20%) patients in the control group (p < 0.001). CP patients had a sig-
nificantly higher PDAC risk compared to controls > 2 years [adjusted hazard ratio (HR) 4.28, 95% confidence interval (CI) 
3.74–4.89, p < 0.001], 5 years (adjusted HR 3.32, 95% CI 2.75–4.00, p < 0.001) and 10 years of follow-up (adjusted HR 3.14, 
95% CI 1.99–4.93, p < 0.001), respectively. By multivariable analysis, age (odds ratio 1.02, 95% CI 1.00–1.03, p = 0.03), cur-
rent smoker (odds ratio 1.67, 95% CI 1.02–2.74, p = 0.042), current smoker + alcoholic (odds ratio 2.29, 95% CI 1.41–3.52, 
p < 0.001), and diabetes (odds ratio 1.51, 95% CI 1.14–1.99, p = 0.004) were the independent risk factors for PDAC.
Conclusion Our data show that after controlling for etiology of CP and other cofactors, the risk of PDAC increased in CP 
patients after two years of follow-up, and risk was consistent and sustained beyond 5 years and 10 years of follow-up.

Keywords Pancreatic cancer risk · Chronic pancreatitis · Inflammation · Pancreatic carcinogenesis

Introduction

Outcomes for pancreatic ductal adenocarcinoma (PDAC) 
continue to be dismal despite recent advances in imaging 
techniques. Early detection and identifying at-risk groups 
are critical for improving survival rates. The known risk fac-
tors for PDAC include family history, age, tobacco smoking, 
obesity, diabetes, and chronic pancreatitis (CP) [1]. Recur-
ring pancreatic injury leading to prolonged inflammation 
has been thought to play a critical role in the initiation and 
development of pancreatic cancer [1].

Evidence from epidemiological studies also supports 
long-standing CP as a strong risk factor for PDAC. In a 
multicenter study, Lowenfels et al. [2] reported a 16-fold 
risk of PDAC in patients with CP. Subsequent studies from 
Europe, Japan, and China showed higher risk of PDAC in 
CP patients [3–8]. Nevertheless, the true incidence and risk 
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of PDAC in CP patients in the United States (US) remain 
unclear due to limitations of prior studies such as misclas-
sification of PDAC and CP, confounding bias, and the use 
of smaller study cohorts.

In this study, we sought to evaluate the risk of developing 
PDAC two or more years after a new diagnosis of CP using a 
large cohort of veteran’s administration (VA) patients and to 
also identify patient characteristics that are associated with 
higher risk of PDAC in CP patients.

Methods

Data Source

This is a retrospective study of VA patients from Septem-
ber 1999 (beginning of the electronic data) to October 2015 
(study end period) using national VA medical care datasets 
electronically maintained by the VA healthcare system. Data 
(inpatient and outpatient) were extracted using International 
Classification of Diseases, ninth Revision Clinical Modifica-
tion (ICD 9) codes.

Variables Used in the Study

Primary Predictor

The primary predictor variable of interest was CP, defined 
based on one or more primary or secondary diagnoses codes 
(inpatient or outpatient, ICD 9 code 577.1). The date of first 
ICD 9 diagnosis code was used as the CP diagnosis date.

Primary Outcome

The primary outcome for the study was PDAC, defined 
based on primary or secondary diagnoses codes (≥ 1 code) 
for adenocarcinoma of pancreas (inpatient or outpatient, ICD 
9 codes 157.0–157.4, 157.8 and 157.9). The date of first ICD 
9 diagnosis code was used as the PDAC diagnosis date.

Etiology of CP

Using personal history of smoking (current/past/nonsmoker) 
and alcohol history (ICD 9 codes 303, 303.0, 303.9, 305.0), 
CP patients were classified into following etiologies: current 
smokers, alcoholics, current smokers and alcoholics, past 
smokers, past smokers and alcoholics, and all other causes 
of CP.

History of smoking is obtained from the VA Health Fac-
tors smoking data and consists of text values representing 
an answer to a clinical reminder or question a healthcare 
provider has asked a patient. Using an algorithm, these text 

value entries were classified into never, former/past, or cur-
rent smoking status.

Covariates

Diabetes mellitus (DM, ICD 9 code 250), presence of gall-
stones (ICD codes 574, 574.1, 574.3, 574.5, 574.7, 574.8, 
574.9), and demographic variables (age, gender, race) were 
included as covariates in the analysis. The date of first ICD 
9 diagnosis code for DM in the VA system was used as the 
DM diagnosis date and the timing of DM in relation to CP 
and PDAC was evaluated.

Inclusion and Exclusion Criteria (Fig. 1)

VA patients followed for at least three years in the VA sys-
tem (time from first entry into the database and the last 
visit to the VA or end of study period) were selected for the 
study (n = 9,842,401). To identify a new diagnosis of CP, 
we applied a washout period and excluded CP patients diag-
nosed less than three years from time of entry into the data-
base (n = 29,025). Thus, all patients included in the study 
were observed for a minimum of three years and no patients 
in the final cohort had CP or PDAC before entry into the 
study period. Based on the ICD codes for CP, VA patients 
were then classified into two groups: CP group and control 
group (rest of the patients in the database without CP). For 
patients in CP group, date of the initial CP diagnosis was 
designated as the time of cohort entry and for controls, the 
first outpatient or inpatient encounter after the three years of 
washout period was designated as the time of cohort entry.

As patients with pancreatic cysts have an increased long-
term risk of PDAC [9], pancreatic cysts without an associ-
ated CP diagnosis (n = 15,238) and patients with pancreatic 
cyst diagnosis before the CP diagnosis (n = 2416) were also 
excluded. We further excluded patients < 18 years of age 
(n = 599,065) as the risk of PDAC is extremely low in this 
age-group. As we evaluated the risk of developing PDAC 
two or more years after a new diagnosis of CP, CP patients 
with less than two years of follow-up after CP diagnosis 
(n = 6920) and patients without CP with less than 2 years 
of follow-up after study entry (n = 1,301,102) were also 
excluded from this study. Follow-up time for the study par-
ticipants who developed PDAC ended on the date of first 
diagnosis of PDAC, and for those who did not develop 
PDAC it ended at the time of death, or end of the study 
period.

Statistical Analysis

Patient characteristics were reported using frequencies 
(n, %) and age using median ± interquartile range (IQR). 
Demographic and clinical characteristics of CP patients and 



710 Digestive Diseases and Sciences (2022) 67:708–715

1 3

controls were compared using Chi-squared test, univariate 
logistic regression analysis, and Kruskal–Wallis test where 
appropriate. Proportion of patients who were subsequently 
diagnosed to have PDAC was also calculated. The incidence 
rates for PDAC (per 1000 person-years) were estimated, 
and Hazard ratios (unadjusted and after adjusting for demo-
graphic factors, etiology of CP, and other covariates) with 
95% confidence intervals (CIs) were evaluated using Cox 
regression for the following times: greater than two years, 
greater than five years, and greater than 10 years.

For calculating incidence rate and HRs for PDAC risk 
more than 5 years and 10 years, patients with < 5 years 
of follow-up (n = 2,630,877) and < 10 years of follow-up 
(n = 5,403,451) were excluded, respectively.

Time interval (lag period) between the initial CP diag-
nosis and subsequent diagnosis of PDAC (after two years 
of initial CP diagnosis) was calculated. Finally, we also 

determined the independent predictors of PDAC develop-
ing two years after the CP diagnosis.

All analyses were performed using SAS version 9.3 (SAS 
Inc, Cary, NC). Significant tests were done by using two-
tailed hypothesis, and the level of significance (α) was set to 
0.05. This study was approved by the Veterans Affairs Saint 
Louis Medical Center.

Results

Patient Characteristics

After exclusions, the total number of patients included in 
the study was 7,883,893 (Fig. 1). During the study period, 
21,765 veterans (0.28%) were diagnosed with CP and 16,804 
veterans (0.20%) were diagnosed with PDAC [226 in the 

Fig. 1  Study cohort. CP chronic 
pancreatitis, PDAC pancreatic 
ductal adenocarcinoma, VA 
veteran affairs
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CP group (1.04%) and the remaining 15,858 (0.20%) in the 
controls]. Median duration of follow-up and median time to 
PDAC for the CP group were 5.5 years and 4.0 years, and 
for the controls were 8.7 years and 6.2 years, respectively.

Demographic characteristics of patients with and without 
CP are outlined in Table 1. Patients in the CP group had a 
significantly higher proportion of men (94.7% vs. 91.9%), 
African American race (28.6% vs. 15.4%), those with a his-
tory of alcohol use alone (9.7% vs 4.3%), combined smokers 
and alcoholics (42.6% vs 10.1%), diabetes (53.8% vs 29.5%), 
and gallstone disease (24.8% vs 3.1%) compared to controls 
(all p < 0.001) (Table 1).

Pancreatic Cancer Characteristics in Chronic 
Pancreatitis and Controls (Table 2)

The median age at which PDAC was diagnosed was 64 years 
in CP patients, and 71 years in controls (p < 0.001). CP 
patients who developed PDAC had a higher proportion of 
women (6.2% vs 2.6%, p < 0.001), African American race 
(29.8% vs 16.9%, p < 0.001), those with the history of alco-
hol use alone (7.5% vs 4.4%, p < 0.001), combined smokers 
and alcoholics (49.6% vs 13.6%, p < 0.001), diabetes (63.2% 
vs 54.7%, p = 0.002), and gallstone disease (27.9% vs 11.5%, 
p < 0.001) compared to controls.

Table 1  Demographic 
characteristics of patients with 
and without CP with > 2 years 
of follow-up after the study 
entry

Age in years and age at PDAC calculated using median (IQR). Duration of follow-up (CP 5.5 years, IQR 
3.5–8.2; patients without CP 8.7 years, IQR 5.2–11.9; time to PDAC in CP patients: 4.0 years, IQR 2.6–
5.9; time to PDAC in patients without CP in the study: 6.2 years, IQR 4.0–8.9)
IQR interquartile range, CP chronic pancreatitis, PDAC pancreatic adenocarcinoma

CP Patients without CP P value

N (%) 21,765 (100) 7,862,128 (100) –
Age in years, median (IQR) 59 (52–67) 59 (47–71) 0.011
Sex < 0.001
Male 20,611 (94.7) 7,222,550 (91.9)
Female 1154 (5.3) 639,578 (8.1)
Race
White 14,511 (67.1) 5,910,810 (80.1) Reference
Black 6194 (28.6) 1,136,244 (15.4) < 0.001
Other 931 (4.3) 336,227 (4.5) < 0.001
Etiology
Nonalcoholic, nonsmoker 3852 (17.7) 3,522,779 (44.8) Reference
Current smoker 3856 (17.7) 1,733,513 (22.1) < 0.001
Past smoker 1900 (8.7) 1,339,210 (17.0) < 0.001
Alcoholic 2112 (9.7) 334,860 (4.3) < 0.001
Current smoker + alcoholic 9278 (42.6) 794,276 (10.1) < 0.001
Past smoker + alcoholic 767 (3.5) 137,490 (1.8) < 0.001
Type 2 diabetes mellitus 11,719 (53.8) 2,320,849 (29.5) < 0.001
History of gallstones 5135 (23.6) 242,928 (3.1) < 0.001

Table 2  Comparison of pancreatic cancer cases with and without CP

IQR interquartile range, CP chronic pancreatitis, PDAC pancreatic 
adenocarcinoma

CP Patients without CP P value

N (%) 226 (100) 15,858 (100) –
Age at PDAC, median 

(IQR)
64 (58–73) 71 (63–80) < 0.001

Sex 0.002
Male 212 (93.8) 15,428 (97.3)
Female 14 (6.2) 430 (2.7)
Race
White 149 (66.2) 12,269 (78.1) Reference
Black 67 (29.8) 2657 (16.9) < 0.001
Other 9 (4.0) 781 (5.0) 0.879
Etiology
Nonalcoholic, non-

smoker
27 (12.0) 5472 (34.5) Reference

Current smoker 42 (18.6) 4110 (25.9) 0.003
Past smoker 23 (10.2) 3076 (19.4) 0.144
Alcoholic 17 (7.5) 700 (4.4) < 0.001
Current smoker + alco-

holic
112 (49.6) 2155 (13.6) < 0.001

Past smoker + alco-
holic

5 (2.2) 345 (2.2) 0.028

Type 2 diabetes mel-
litus

143 (63.2) 11,576 (54.7) 0.002

History of gallstones 63 (27.9) 1828 (11.5) < 0.001
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Incidence and Risk of Pancreatic Cancer in Chronic 
Pancreatitis and Controls

Table 3 summarizes the number of patients diagnosed with 
PDAC during the follow-up, the incidence rates, and hazard 
ratio of PDAC diagnosis for the CP and control groups. After 
adjusting for age, sex, race, etiology of CP, gallstones, and 
diabetes, the risk of PDAC was significantly higher in CP 
group than in controls after two years (adjusted HR 4.28, 95% 
CI 3.74–4.89, p < 0.001), 5 years (adjusted HR 3.32, 95% CI 
2.75–4.00, p < 0.001), and 10 years of follow-up (adjusted HR 
3.14, 95% CI 1.99–4.93, p < 0.001). The cumulative incidence 
curves for the PDAC for CP and controls are further illustrated 
in Fig. 2. The results of the Cox regression analysis compar-
ing the risk (HR) of PDAC diagnosis after 2 years of follow-
up for the CP and controls are summarized in Supplementary 
Table 1.

Pancreatic Cancer Patients in Chronic Pancreatitis 
by Diabetes Status

Approximately 63% (143/226) of the CP patients who devel-
oped subsequent PDAC had a diagnosis of DM during the 
study period, of which 90 (90/143, 62.9%) patients had DM 
diagnosis prior to CP diagnosis, and 53 patients after the 
diagnosis of CP. Additionally, of the total 143 CP patients 
with PDAC who had diabetes, 29 patients (20.3%, 29/143) 
had diabetes diagnosed within three years of PDAC diagno-
sis (new-onset diabetes), while 104 patients (72.7%, 104/143) 
had a diagnosis of diabetes more than three years prior to 
the diagnosis of PDAC (preexisting DM), and five patients 
had a diagnosis of diabetes three years after the diagnosis of 
PDAC (Table 4).

Independent Predictors of Pancreatic Cancer Among 
Patients with Chronic Pancreatitis

Supplementary Figure 1 illustrates the number of patients with 
PDAC diagnosed each year after CP diagnosis. Among the 
21,765 CP patients, the independent predictors of PDAC were 
evaluated using multivariate logistic regression analysis. Age 
(OR 1.02, 95% CI 1.00–1.03, p = 0.03), current smoker (OR 
1.67, 95% CI 1.02–2.74, p = 0.042), current smoker + alcoholic 
(OR 2.29, 95% CI 1.41–3.52, p < 0.001), and DM (OR 1.51, 
95% CI 1.14–1.99, p = 0.004) were determined to be the only 
independent risk factors for PDAC. Supplementary Figure 2 
illustrates that overall, among CP patients there was no sig-
nificant difference in the cumulative incidence of PDAC by 
etiology of CP (p = 0.07), though the number of PDAC cases 
was more in smokers and alcoholics. However, on multivari-
ate logistic regression analysis, current smoker and current 
smoker + alcoholic etiologies were found to have a significant 
risk of PDAC.Ta
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Discussion

Using the nationwide VA database, we found an increased 
risk of PDAC in patients with a new diagnosis of CP who 
were followed for more than two years in the system. The 
increased risk of PDAC in CP patients persisted beyond five 
years and 10 years of follow-up, even after controlling for 
demographic and etiological factors. The overall incidence 
of PDAC in the CP cohort was 1.04%. The median age of 
PDAC diagnosis was significantly lower in CP patients com-
pared to patients without CP.

CP is an established risk factor for PDAC. Activation of 
immune system and release of pro-inflammatory mediators 
may enhance the risk of PDAC in CP [7, 10]. Pancreatic 
stellate cells which form the principal source of fibrotic 
response in CP contribute to the extracellular matrix of the 
pancreatic tumor stroma [11, 12]. Several epidemiological 
studies including recent meta-analysis [13] confirmed the 
increased risk of PDAC in CP patients. However, the true 
incidence of PDAC within the CP cohort in the US is still 

unclear. In 1993, Lowenfels et al. [2] reported a 16-fold risk 
of PDAC in patients with CP utilizing a multicenter and 
multinational cohort. Within the subset of patients from the 
US, four out of 1024 CP patients (0.39%) developed PDAC 
after 2 years of follow-up, and three out of 626 (0.48%) 
developed PDAC after 5 years of follow-up. Subsequently, 
Bansal and Sonneberg [3] performed a case–control study 
using US veterans and concluded that CP constituted a sig-
nificant risk for PDAC development with an odds ratio of 
2.23 (95% CI 1.43–3.49). However, as it was a case–con-
trol study, the temporal relationship between CP and PDAC 
could not be evaluated. Many other studies [4–8, 13, 14] 
(from Europe, Japan, and China) demonstrated a wide vari-
ability in the risk of PDAC in CP patients either due to non-
use or in use of different lag periods (one year vs two years) 
leading to misclassification of PDAC as CP and confounding 
bias, and furthermore, these aforementioned studies used 
smaller study cohorts.

In this study, we evaluated the risk of PDAC after observ-
ing all patients in the system for at least three years from the 

Fig. 2  Cumulative incidence of pancreatic cancer in controls and CP 
patients. CP chronic pancreatitis, Controls rest of the patients in the 
database without chronic pancreatitis, CI confidence intervals, HR 
hazard ratio. Note Hazard ratios presented on the figures are unad-
justed hazard ratios from Cox-proportional model. Adjusted HRs 

with 95% CI from Cox-proportional model and the corresponding P 
values are listed in the appropriate sections of the manuscript. Gray 
K-sample test P value is for comparing the cumulative incidence 
between the groups
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entry into the database to identify and exclude preexisting 
CP and PDAC. Therefore, no patients in the final cohort had 
CP or PDAC before entry into the study period. We further 
excluded PDAC diagnosed within two years of CP diagnosis 
to avoid possible inflation of risk due to PDAC being mis-
diagnosed as CP [15].

Although we agree that the diagnosis of CP is often over-
looked for several months [14, 16], once a diagnosis of CP 
is made, a lag period of five years from the diagnosis of CP 
to the diagnosis of PDAC, as suggested by the Kirkegard 
et al. [14], may be too long and it is unlikely that cancers 
diagnosed within years three to five after CP are entirely 
slowly progressive tumors that were not captured at the time 
of diagnosis. These are more likely to be tumors where the 
growth was enhanced by CP as suggested by previous stud-
ies [2]. Our data show that the number of PDACs diagnosed 
each year after CP was stable and the adjusted risk of PDAC 
after two years, five years, and 10 years of follow-up was 
significantly higher for the CP group when compared to 
the controls, and more importantly, the PDAC risk did not 
fluctuate drastically. Moreover, our data also show that the 
median age of PDAC presentation in CP patients was six 
years earlier compared to controls suggesting a possible role 
of chronic inflammation in the development of PDAC [1, 17]

We also evaluated the role of diabetes in relation to CP 
and PDAC. CP patients with DM had a higher proportion of 
PDAC, and after adjusting for other factors, it was still statis-
tically significant. Prior studies showed that patients who are 
50 years and older and who developed new-onset diabetes 
are considered as a high-risk group for developing PDAC 
[18, 19]. However, the potential interaction and additive role 
of diabetes in the context of CP should be further examined.

Some of the limitations of our study include retrospective 
design and use of administrative data using ICD 9 codes for 
PDAC, CP, and other covariates. ICD 9 code 577.1 used 
for CP is also used for recurrent pancreatitis and relapsing 
pancreatitis. Unfortunately, due to the nature of our large 
cohort and database, we do not have the packs per year use 
of smoking and years of drinking for the veterans. However, 
Health Factors smoking data we had used for identifying 

smoking history of veterans have been validated previ-
ously by comparing it to two different sources of patient 
self-reported smoking survey data and the prevalence of 
alcohol history in our cohort is consistent with the previous 
VA studies [20–22]. Our data (which include 92% males) 
are derived from VA database which limits the generali-
zation. We did not validate the ICD 9 codes used for CP, 
PDAC, and other covariates in the database; however, prior 
studies have validated the use of ICD 9 codes for PDAC in 
the VA system [23]. Also, a recent systematic review and 
meta-analysis study by Amy et al. [24] showed that using 
ICD-9 codes yielded a positive predictive value of 0.67 on 
sensitivity analysis and pooled estimates of sensitivity and 
specificity of ICD codes (derived from two studies only) for 
CP were 0.75 and 0.94, respectively. To evaluate the strength 
of the association between CP and PDAC, we conducted a 
sensitivity analyses using two ICD 9 diagnosis codes (within 
12-month period) as a criterion for defining PDAC and CP 
diagnosis (for both inpatient and outpatient diagnoses). 
Although the number of PDAC cases decreased in the CP 
and control groups, the overall finding of increased risk of 
PDAC in CP group for > 2 years (adjusted HR 4.30, 95% 
CI 3.62–5.10, p < 0.001), > 5 years (adjusted HR 3.38, 95% 
CI 2.66–4.30, p < 0.001) and > 10 years (adjusted HR 2.99, 
95% CI 1.65–5.43, p < 0.001) is consistent with the data pre-
sented in the manuscript.

Strengths of our study include the large sample size of the 
cohort and long duration of follow-up (> 10 years), using a 
three-year washout period to exclude preexisting CP and 
PDAC diagnosis, controlling for smoking (current and past 
smokers), and heavy alcohol use, besides also evaluating the 
risk of PDAC in the context of diabetes. Furthermore, we 
also excluded patients in both groups with pancreatic cysts 
without coexistent diagnosis CP, as they may have a higher 
risk of PDAC [9] and therefore would have confounded the 
results. As we had used ICD 9 codes for identifying patients 
with cysts, the etiologic distribution of the cysts was not 
known and therefore the cysts that were excluded were not 
only the mucinous cysts (mucinous cystic neoplasm and side 
branch IPMN), but also others without significant malignant 
potential such as simple cyst, serous cystadenoma. Our data-
set is derived from one of the largest databases in the USA, 
spanning over 16 years with large number of CP and PDAC 
patients. This is the first study to evaluate the risk of PDAC 
in CP cohort beyond 10 years and is also more robust due to 
utilization of strict exclusion criteria. Hence, our results may 
reflect the more accurate incidence of PDAC in CP.

In conclusion, our study shows increased risk of PDAC 
in CP patients after 2 years of follow-up and risk is sus-
tained beyond five years and 10 years of follow-up, after 
controlling for demographics and etiological factors. CP 
patients also presented with earlier age of onset of PDAC 
compared to rest of the patients without CP. Although the 

Table 4  Pancreatic cancer in chronic pancreatitis by diabetes status

CP chronic pancreatitis, DM diabetes mellitus, PDAC pancreatic ade-
nocarcinoma

CP

Patients at 
risk (n)

Patients diag-
nosed with 
PDAC

DM No DM

> 2 years 21,765 226 (1.04%) 143 (0.66%) 83 (0.38%)
> 5 years 14,899 112 (0.75%) 72 (0.48%) 40 (0.27%)
> 10 years 4233 19 (0.45%) 11 (0.26%) 8 (0.19%)
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overall incidence is 1%, identifying and selecting high-risk 
patients within the CP cohort for PDAC surveillance may 
confer benefit to aiding in earlier diagnosis and improved 
health outcomes.

Supplementary Information The online version of this article https ://
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