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Abstract

BACKGROUND

Celiac disease (CD) has been associated with gastrointestinal malignancies.
However, the magnitude of the risk of pancreatic cancer (PC) associated with CD
is much less clear, and risks have not been estimated from large populations.

AIM
To assess the risk of PC in CD patients.

METHODS

We conducted a population-based, multicenter, propensity score-matched cohort
study with consecutive patients diagnosed with CD using the TriNeTx research
network platform. We examined the incidence of PC in patients with CD
compared with a matched cohort of patients without CD (non-CD, controls). Each
patient in the main group (CD) was matched to a patient in the control group
using 1:1 propensity score matching to reduce confounding effects. The incidence
of PC was estimated using a Cox proportional hazards model with a hazard ratio
(HR) and 95% confidence interval (CI).

RESULTS

A total of 389980 patients were included in this study. Among them, 155877
patients had a diagnosis of CD, and the remaining 234103 individuals without CD
were considered a control cohort. The mean duration of follow-up for patients in
the CD and control cohorts was 5.8 £ 1.8 and 5.9 + 1.1 years, respectively. During
the follow-up, 309 patients with CD developed PC, whereas 240 patients
developed PC in the control group (HR = 1.29; 95%CI: 1.09-1.53). In the secondary
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analyses in the first year after diagnosis of CD, patients with CD were at a significant increase in
risk for PC; 151 patients with CD had an incidence of PC compared with 96 incidences of PC
among the patients in the non-CD control group (HR = 1.56; 95%CI: 1.20-2.01) and sensitivity
analysis showed similar magnitude to the one generated in the primary and secondary analysis.

CONCLUSION
Patients with CD are at increased risk of PC. Risk elevation persists beyond the first year after
diagnosis to reference individuals without CD from the general population.

Key Words: Celiac disease; Cancer; Epidemiology; Pancreas; Pancreatic cancer; Malignancy; Carcinoma

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Celiac disease (CD) is an immune-mediated disorder precipitated by the ingestion of gluten in
genetically predisposed individuals. Population-based studies have shown the risk of cancer among
patients with CD; however, the magnitude of the risk of pancreatic cancer (PC) in association with CD is
much less clear. Therefore, In this multicenter retrospective cohort study, we analyzed the risk of PC in
patients with CD. We examined the incidence of PC in patients with CD compared with a propensity-
matched cohort of patients without CD. We found that patients with CD were at increased risk of PC. Risk
elevation persisted beyond the first year after diagnosis to reference individuals without CD from the
general population.

Citation: Krishnan A, Hadi YB, Shabih S, Mukherjee D, Patel RA, Patel R, Singh S, Thakkar S. Risk of pancreatic
cancer in individuals with celiac disease in the United States: A population-based matched cohort study. World J
Gastrointest Oncol 2023; 15(3): 523-532

URL: https://www.wjgnet.com/1948-5204/full/v15/i3/523.htm

DOI: https://dx.doi.org/10.4251/wjgo.v15.i3.523

INTRODUCTION

Celiac disease (CD) is an immune-mediated disorder with a worldwide prevalence approaching 1%. A
higher risk of death[1], and an increased risk of cancer, particularly lymphomatous malignancies[2] and
gastrointestinal malignancies, including small bowel adenocarcinoma[3], among others, have been
reported in patients with CD. However, most of the reports of cancer risk in CD suffer from the small
sample size and are based on data derived from the pre-serologic testing era, and thus likely selected for
more severe phenotypic cases. Therefore, cancer risk in CD remains a subject of current interest.

The magnitude of the risk of pancreatic cancer (PC) in association with CD is much less clear[1,4].
Nevertheless, despite the magnitude of the risk remaining debatable, the unequivocal association
between CD and PC remains. In the two most recent matched studies that included data on PC risk in
CD, a higher risk of PC diagnosis was observed in CD patients; however, discordant results were
obtained regarding whether PC risk persists long-term after CD diagnosis[4,5]. While Elfstrom et al[4]
noted no persistent increased risk of PC after the first year of CD diagnosis, Lebwohl et al[5] in their
recent study, have noted a persistently elevated risk of PC in patients with CD after 1 year of diagnosis.
Hence, there is considerable, but not definitive, evidence that strict compliance to CD is associated with
increased risk for the development of PC. Furthermore, owing to the lack of control for known risk
factors of PC, any independent associations between these diseases cannot be assessed based on current
data; given the high incidence of CD and the poor outcomes associated with PC, any such potential
association warrants further investigation. To address the abovementioned knowledge gaps, we
conducted a propensity-matched retrospective cohort study on a large multi-institutional electronic
healthcare registry to assess the risk of PC in patients with CD.

MATERIALS AND METHODS
Methods

We conducted a retrospective cohort study using TriNetX multi-institutional research network
(Cambridge, MA, United States). TriNetX is a federated multicenter research network that provides
real-time access to an anonymized data set from participating healthcare organizations” electronic health
records (EHR). Patients were included using the standard International Classification of Diseases (classi-
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fication, Tenth Revision, Clinical Modification) (ICD-10-CM) and Current Procedural Terminology
classification terminologies. Details of the data source, quality checks, and diagnosis codes used for
patient selection are detailed in the supplementary. TriNetX has received a waiver from Western Institu-
tional Review Board as it only provides de-identified information. At our institution West Virginia
University, the Clinical and Translational Science Institute manages the TriNetX platform and provides
access to the end-users.

Study participants

All patients with the diagnosis of CD from January 1, 2005, to December 31, 2021, were included.
Follow-up of these patients ended on September 31, 2022. The diagnosis of CD was on the ICD-10
diagnostic code. During the same study period, patients who didn’t have a diagnosis of CD were
classified as non-CD comparators (control group). We excluded CD patients and controls with a history
of pancreatic diseases, gallbladder diseases, procedures such as endoscopic retrograde cholangiopan-
creatography (ERCP) or cholecystectomy, and any malignancies, including PC preceding the index
period (defined as the diagnosis of CD) or the corresponding date for controls.

Matching process

Each patient in the CD group was matched to a patient in the control (non-CD comparators) group
using 1:1 propensity score matching (PSM) to reduce confounding effects. Covariates in the propensity
score model were adjusted for apriori-identified potential confounders: Age, sex, race/ethnicity
(Hispanic, non-Hispanic white, non-Hispanic black, or non-Hispanic other), nicotine dependence,
alcohol-related disease, body mass index (BMI), type 2 diabetes mellitus (T2DM), hypertension,
hyperlipidemia, type 1 diabetes, autoimmune thyroid disease, rheumatoid arthritis, inflammatory
bowel disease, disease of gallbladder, diseases of the pancreas, hypercholesterolemia, hypercalcemia,
familial hypercholesterolemia, family history of primary malignant neoplasm, ERCP, cholecystectomy,
cholesterol level, low-density lipoprotein, and serum triglyceride level, hemoglobin A1C (HbA1C) and
genomics (Table 1). Logistic regression on these input matrices was used to obtain propensity scores for
each patient in both cohorts. Logistic regression was performed in Python 3.6.5 (Python Software
Foundation) using standard libraries NumPy and sklearn. The same analyses were also performed in R
3.4.4 software (R Foundation for Statistical Computing, Vienna, Austria) to ensure outputs match. After
calculating propensity scores, matching was performed using a greedy nearest-neighbor matching
algorithm with a caliper of 0.1 pooled standard deviations. The balancing of potential confounding
variables between the CD and the control group after PSM was evaluated using standardized
differences (SMD) with a threshold set a priori at 0.10. SMD was used to measure the magnitude of
difference between the groups rather than the P-value because of their insensitivity to sample size. The
order of the rows in the covariate matrix can affect the nearest neighbor matching; therefore, the order
of the rows in the matrix was randomized to eliminate this bias.

Outcomes
Our primary outcome was the incidence of PC. We defined PC according to relevant ICD-10 codes
(details depicted in the Supplementary material).

Statistical analysis

All statistical analyses were performed in real-time using TriNetX. Categorical variables were compared
using the Pearson chi-square test, and continuous variables using an independent-sample ¢-test.
Continuous variables are expressed as mean + SD. Categorical variables were presented as frequency
and percentage. The balancing of potential confounding variables between the CD and the control
group after PSM was evaluated using SMD with a threshold set a priori at 0.10. SMD was used to
measure the magnitude of difference between the groups rather than the P-value because of their
insensitivity to sample size. For each outcome, Cox proportional hazards models were used to estimate
the hazard ratio (HR). HR and confidence interval (CI), along with tests for proportionality, were
calculated using R’s Survival package v3.2-3. Numbers were then validated by comparing them with the
output from SAS version 9.4. Kaplan-Meier survival analyses were also used to estimate the risk of PC
at the end of 7 years after the index event. Patients were censored when the time window ended or the
day after the last fact in their record. Hypothesis testing for Kaplan-Meier survival curves was
conducted by using the log-rank test. A priori-defined 2-sided alpha of < 0.05 was used for statistical
significance.

Secondary analyses

We performed a prespecified secondary analysis. To assess the possible duration of the disease and risk
of PC, we performed a follow-up time-specific risk of PC. For these time-dependent analyses, we
estimated time-specific HRs and HRs in which follow-up time commences 1-year after CD diagnosis.
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Table 1 Baseline characteristics of the study cohort, n (%)

Before the propensity score match After the propensity score match
Variables Celiac disease (1 Non-CD controls (1 o~ Celiac disease (n  Non-CD controls (n ¢
= 155877) = 234103) = 134680) = 134680)
Age in years, mean * SD 38.8+£22.0 47.2+19.0 0.4069 42.5+21.0 43.7 £20.3 0.0577
Age by categories
<18yr 34169 (21.9) 18120 (7.7) 0.4072 18105 (13.4) 16935 (12.5) 0.0258
18 to <40 yr 47471 (30.4) 63011 (26.9) 0.0783 42960 (31.8) 42268 (31.3) 0.0110
40 to < 60 yr 41430 (26.5) 85840 (36.6) 0.2183 41031 (30.4) 41526 (30.8) 0.0080
260 yr 32807 (21.0) 67132 (28.6) 01772 32584 (24.1) 33951 (25.2) 0.0235
Sex, female 109848 (70.4) 170658 (72.8) 0.0539 98469 (73.1) 98950 (73.4) 0.0081
Ethnicity
Hispanic or Latino 7520 (4.8) 20344 (8.6) 0.1545 7175 (5.3) 6132 (4.5) 0.0357
Race
White 128024 (82.1) 159285 (68.0) 0.3302 108441 (80.5) 108517 (80.5) 0.0014
Black or African Americans 6276 (4.0) 37239 (15.9) 0.4047 6259 (4.6) 6008 (4.4) 0.0089
Others 19302 (12.3) 31595 (13.4) 0.0332 17799 (13.2) 18092 (13.4) 0.0064
Nicotine dependence 9998 (6.4) 25637 (10.9) 01617 9609 (7.1) 8495 (6.3) 0.0330
Alcohol-related disorders 3065 (1.9) 8176 (3.4) 0.0938 2977 (2.2) 2849 (2.1) 0.0065
BMI (kg/mz), mean £ SD 257+£75 28.7+£73 0.0574 26.6 +7.34 27974 0.0221
Comorbidities
Type 2 diabetes 14086 (9.0) 30411 (12.9) 01265 12304 (9.1) 11461 (8.5) 0.0221
Hyperlipidemia 15800 (10.1) 45916 (19.6) 0.2687 15660 (11.6) 15919 (11.8) 0.0060
Hypercholesterolemia 7290 (4.6) 17282 (7.3) 0.1138 7084 (5.2) 6971 (5.1) 0.0038
Hypercalcemia 1086 (0.6) 3149 (1.3) 0.0645 1030 (0.7) 1300 (0.9) 0.0217
Other autoimmune diseases
Type 1 diabetes 6750 (4.3) 6561 (2.8) 0.0824 3825 (2.8) 3626 (2.6) 0.0090
Rheumatoid arthritis 2669 (1.7) 16810 (7.1) 0.2677 2533 (1.8) 8052 (5.9) 0.2121'
Autoimmune thyroiditis 2994 (1.9) 3868 (1.6) 0.0203 2479 (1.8) 2582 (1.9) 0.0056
Crohn’s disease 2938 (1.8) 2513 (1.0) 0.0672 2165 (1.6) 2081 (1.5) 0.0050
Ulcerative colitis 2107 (1.3) 2133 (0.9) 0.0417 1605 (1.1) 1544 (1.1) 0.0042
Gallbladder diseases
Cholecystitis 1407 (0.9) 2402 (1.0) 0.0126 1335 (0.9) 1089 (0.8) 0.0193
Cholelithiasis 3311 (2.1) 8088 (3.4) 0.0809 3184 (2.3) 3225 (2.3) 0.0020
Other diseases of gallbladder 1635 (1.0) 3164 (1.3) 0.0278 1554 (1.1) 1483 (1.1) 0.0050
Other diseases of biliary tract 1574 (1.0) 3008 (1.2) 0.0258 1453 (1.1) 1465 (1.1) 0.0009
Pancreatic diseases
Acute pancreatitis 1560 (1.0) 2637 (1.1) 0.0122 1372 (1.0) 1334 (0.9) 0.0028
chronic pancreatitis 823 (0.5) 1661 (0.7) 0.0232 763 (0.5) 745 (0.5) 0.0018
Alcohol-induced acute pancreatitis 56 (0.03) 106 (0.04) 0.0046 52 (0.03) 46 (0.03) 0.0023
Alcohol-induced chronic pancre- 42 (0.02) 109 (0.04) 0.0102 42 (0.03) 31 (0.02) 0.0050
atitis
Idiopathic acute pancreatitis 101 (0.06) 167 (0.07) 0.0025 90 (0.06) 82 (0.06) 0.0024
WJGO | https://www.wjgnet.com 526 March 15,2023 | Volume15 | Issue3 |
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Other diseases of pancreas 572 (0.3) 903 (0.3) 0.0031 519 (0.3) 494 (0.3) 0.0030
Cyst of pancreas 478 (0.3) 966 (0.4) 0.0177 465 (0.3) 427 (0.3) 0.0049
Disease of pancreas, unspecified 383 (0.2) 778 (0.3) 0.0161 363 (0.2) 345 (0.2) 0.0026
Pseudocyst of pancreas 296 (0.2) 703 (0.3) 0.0223 290 (0.2) 253 (0.1) 0.0061
Family history

Familial hypercholesterolemia 106 (0.06) 280 (0.1) 0.0169 102 (0.07) 113 (0.08) 0.0029
Family history of primary 10498 (6.7) 15773 (6.7) 0.0001 9265 (6.8) 9417 (6.9) 0.0044
malignant neoplasm

Procedures

ERCP 424 (0.272) 867 (0.37) 0.0174 398 (0.296) 378 (0.281) 0.0028
Cholecystectomy 1158 (0.74) 2217 (0.94) 0.0223 1078 (0.80) 1116 (0.82) 0.0031
Genomics

KRAS 21 (0.013) 16 (0.007) 0.0066 14 (0.01) 12 (0.009) 0.0015
TP53 16 (0.01) 15 (0.006) 0.0042 14 (0.01) 12 (0.009) 0.0015
'P>0.1.

SD: Standard deviation; BMI: Body mass index; CD: Celiac disease; ERCP: Endoscopic retrograde cholangiopancreatography; KRAS: Kirsten rat sarcoma

viral oncogene homolog; TP: Tumor protein.

Jaishideng®

Sensitivity analysis

Due to the heterogeneous nature of cancer and to assess the robustness of our findings. We performed a
sensitivity analysis by estimating risk after excluding patients with outcomes within 1-year after the
index event. In this analysis, the outcome was the first and new diagnosis of PC that developed after the
start of follow-up, as some cases of PC have been reported to occur shortly after diagnosis of CD.

RESULTS

Baseline characteristics

A total of 389980 patients were included in this study. Among them, 155877 patients had a diagnosis of
CD and were thus placed in the main cohort (CD) (Figure 1). The remaining 234103 individuals did not
have CD and were considered as a control cohort (non-CD comparators). The mean duration of follow-
up for patients in the CD and control cohorts was 5.8 + 1.8 and 5.9 £ 1.1 years, respectively. The baseline
characteristics of the study cohorts are depicted in Table 1. Patients with CD were generally younger
(38.8 £ 22.0 vs 47.2 + 19.0) than the control cohort group. In both groups, the majority of the patients
were females and white race. There were differences in comorbidities between the groups at baseline
before PSM (Table 1). Type 1 diabetes, autoimmune thyroiditis, Crohn’s disease, and ulcerative colitis
were slightly more common in patients with CD than in controls. However, compared with the CD
cohort, the non-CD cohort had a higher prevalence of comorbidities, including T2DM, hyperlipidemia,
and hypercholesterolemia. In addition, 76% of the CD cohort had positive for tissue transglutaminase
immunoglobulin A serology. After PSM, both cohorts (134680 patients each) were well-matched and
balanced (Supplementary Figure 1). In contrast, compared with the CD cohort, the control cohort had a
higher prevalence of rheumatoid arthritis (1.8% vs 5.9%). No significant difference was observed
between other comorbidities, procedures, genomic profile, family history of primary malignant
neoplasm, or hypercholesterolemia between both cohorts after propensity matching.

Study outcome

During the follow-up, 309 patients with CD developed PC, whereas 240 patients developed PC in the
control group. Patients with CD had a significantly higher risk of PC (HR = 1.29; 95%ClI: 1.09-1.53) than
the non-CD controls (Figure 2). In the secondary analyses for the incidence of PC, when starting follow-
up at 1-year after diagnosis of CD, 151 patients with CD had an incidence of PC compared with 96
incidences of PC among the patients in the non-CD control group. CD was associated with a
significantly higher risk of PC (HR = 1.56; 95%ClI: 1.20-2.01). Kaplan-Meier survival analysis showed a
cumulative incidence of PC at 7 years among patients with CD compared to non-CD controls (log-rank
test P < 0.001, Figure 3).
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Research network
n = 89750920

Excluded: (Before the index period) Study period: Between January 1,
History of pancreatic diseases 2005, and December 31, 2021
History of gallbladder diseases

Procedures such as ERCP or cholecystectomy
Any malignancies

Total study cohort
n = 389980

'
! .

Patients with CD Patients without CD
n = 155877 n = 234103
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Figure 1 Flow chart showing patient selection for study cohorts. CD: Celiac disease; ERCP: Endoscopic retrograde cholangiopancreatography.
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Figure 2 Risk of pancreatic cancer for patients with celiac disease compared to patients without celiac disease (non-celiac controls). The
numbers inside the bars represent the number of patients who developed pancreatic cancer during follow-up. CD: Celiac disease; HR: Hazard ratio; Cl: Confidence
interval.

Sensitivity analyses

The sensitivity analyses led to consistent results when starting follow-up at 1 year after diagnosis of CD
by excluding the outcomes within 1 year after the index event. CD generated a hazard ratio of similar
magnitude to the one generated in the primary analysis (HR = 1.22; 95%CI: 1.01-1.49) (Figure 2).
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Figure 3 Kaplan-Meier curve shows the risk of pancreatic cancer in patients with celiac disease and matched non-celiac controls.

DISCUSSION

This was a population-based, multicenter retrospective study analysis that used a large sample size
from a nationally representative database and statistical adjustments with apriori-identified potential
confounders to balance the critical variables at the baseline by PSM. Patients with CD were found to
have a modest excess risk of PC. The association of CD with PC remained unchanged in the secondary
and sensitivity analyses, where a lag period of 1 year was applied. Our study confirmed that the risk for
PC is significantly greater in patients with CD than in the unaffected population.

Previous retrospective cohort studies have noted an increase in overall cancer risk and
gastrointestinal cancer risk in patients with CD[4,6,7]. However, as most of the reported data on cancer
risk in CD is derived from patients diagnosed in the 20™ century, concerns have been raised about its
current validity as these CD cases likely represent a more severe disease phenotype[4]. Some recent
reports have noted that the overall excess risk of malignancy diagnosis in CD may be elevated only in
the short term following CD diagnosis (about 1 year), and the risk elevation was noted to subside after
the first year of CD diagnosis[4,5,8]. Two hypothetical explanations have been proposed in the literature
to explain this finding: (1) The risk elevation may be mitigated over time due to the introduction of a
gluten-free diet after diagnosis[9,10]; or (2) The elevated risk of malignancy in the short term may be a
reflection of the increased surveillance and diagnostic testing that these patients may be undergoing in
the peridiagnostic period due to presentation with weight loss and other mutual symptoms that may
result in the discovery of CD in malignancy cases and vice versa, and thus not be a true elevation in risk
[10,11,12]. Thus any excess overall malignancy risk in CD is still unclear. However, an excess risk of
certain individual malignancies in CD, e.g., small bowel adenocarcinoma, lymphoproliferative
malignancies, and liver cancer, have been strongly noted in CD and have been reported to persist in the
longer term beyond 1 year[3]. More recently, in their retrospective cohort analysis, Lebwohl et al[5]
noted an increase in the incidence of PC in a large Swedish CD cohort; the risk elevation persisted at a
longer duration of follow-up, contrary to the earlier report by Elfstrom et al[4]. Nevertheless, data on PC
risk in CD patients is limited, and these prior studies were not designed to study PC specifically; thus,
control for PC-specific risk factors was not adequately performed.

Our results are largely consistent with prior observations of elevated PC risk in CD[5,9]. We were
able to confirm and strengthen this prior observed elevated risk of PC due to robust PSM and control for
PC risk factors. This study has one major advantage over those that have preceded it: Our propensity
score-matched analysis with covariables that are directly correlated with the risk of PC. The present
study includes an expansion of clinical outcomes addressed in previous studies and an adjustment for
confounders such as BMI, race, ethnicity, disease of gallbladder, diseases of the pancreas, hypercholes-
terolemia, hypercalcemia, familial hypercholesterolemia, family history of primary malignant neoplasm,
ERCP, cholecystectomy, HbA1C, and genomics. Further experimental data and large multicenter cohort
studies are required to ensure better comprehension of the association between CD and PC.
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Most importantly, we conducted a sensitivity analysis where only PC diagnosed after 1 year of lag
time following CD diagnosis was included as the outcome, and the study conclusion remained
unchanged. When taken in totality, these data point towards a persistently elevated risk of PC in CD
patients. One important observation to note is that the absolute number of events (PC cases) captured in
our cohort was much higher than in previous studies due to the large population included in our
analysis, as well as the long duration of follow-up. We believe that the high number of events coupled
with available follow-up time increased the study’s power and allowed us to deduce the persistence of
risk elevation. In the reports by Lebwohl et al[5] and Landgren et al[13], an adjusted HR of 2.29 (1.84-
2.84) and 2.27 (1.22-4.23) was described; the risk noted by Lebwohl ef al[5] beyond the first year was 1.66
(1.32-2.10), and we noted HRs of 1.29 and 1.56 for PC in our cohort of CD patients. The overall risk
elevation that we noted was thus slightly lower than these earlier reports.

Previously, some authors have hypothesized that an increased incidence of pancreatitis, impaired
exocrine pancreatic function, as well as malnutrition, and resulting pancreatic atrophy may be the cause
for the elevation in PC risk in patients with CD[9]. The mechanism for developing malignancies in
patients with CD is still unknown. Autoimmunity has also been proposed as the etiopathologic culprit,
as autoantibodies targeting the pancreas have been noted in CD patients[14]. In addition, chronic
inflammation, chronic antigenic stimulation, the release of proinflammatory cytokines, increased
intestinal permeability of environmental carcinogens, immune surveillance problems, and the gluten-
free diet or nutritional deficiencies due to the disease have been suggested to be contributory[15,16].
Owing to the design of our study, we cannot deduce the pathophysiological basis of our observation of
increased PC risk in CD.

Strengths and limitations

The major strengths of this study include the robust control and comprehensive organ-specific
assessment focused on the pancreas. In addition, we adjusted for various lifestyle risk factors and
baseline and potential confounders that may have confounded the association of CD and PC risk. The
large sample in the propensity-matched analyses resulted in narrow confidence intervals. It allowed us
to capture a significant number of outcomes, which lends strength to the conclusions that we have
derived. Lastly, including a sensitivity analysis lends strength to our study and its findings.

However, our study is limited by its retrospective design and its analysis of EHR-based data, which
can be subject to documentation and coding errors, resulting in some selection bias. Some residual
confounding can exist, and we cannot exclude any possible confounding factors not controlled for in our
study that may have an effect on the risk of PC. Due to the retrospective cohort nature of this study, any
potential underlying pathophysiological mechanisms explaining the observed association of CD with
PC cannot be explored. Furthermore, histological data on villous atrophy and compliance with a gluten-
free diet was not studied. Whether villous atrophy and its persistence over time pose any elevation of
risk for PC needs to be explored. Also, whether mitigation of the excess risk is observed with the
normalization of villous architecture or in patients who strictly adhere to a gluten-free diet should be
explored in further studies.

CONCLUSION

This nationwide study with large propensity-matched analysis found an increased risk of PC in patients
with CD; this risk elevation persisted beyond the first year after diagnosis.

ARTICLE HIGHLIGHTS

Research background

Studies have shown an increased risk for various malignancies, particularly lymphomas, small intestinal
adenocarcinoma, and other gastrointestinal malignancies, in celiac disease (CD) patients. However, the
magnitude of the risk of pancreatic cancer (PC) in association with CD is much less clear. Nevertheless,
despite the magnitude of the risk remaining debatable, the unequivocal association between CD and PC
remains.

Research motivation

Although malignancy occurring in the setting of CD has been well recognized; however, there is consid-
erable, but not definitive, evidence that strict compliance to CD is associated with increased risk for the
development of PC. Furthermore, owing to the lack of control for known risk factors of PC, any
independent associations between these diseases cannot be assessed based on previous studies; given
the high incidence of CD and the poor outcomes associated with PC, any such potential association
warrants further investigation.
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Research objectives
This study aimed to assess the risk of PC in patients with CD.

Research methods

A population-based, multicenter, propensity score-matched cohort study included 155877 patients with
CD and 234103 patients without CD (non-CD, controls). To reduce confounding effects, we performed a
1:1 propensity score matching with each patient in the main group to a patient in the control group. The
incidence of PC was estimated using a Cox proportional hazards model with a hazard ratio (HR) and
95% confidence interval (CI).

Research results

During the follow-up, 309 patients with CD developed PC, whereas 240 patients developed PC in the
control group (HR =1.29; 95%ClI: 1.09-1.53). In the secondary analyses in the first year after diagnosis of
CD, patients with CD were at a significant increase in risk for PC; 151 patients with CD had an incidence
of PC compared with 96 incidences of PC among the patients in the non-CD control group (HR = 1.56;
95%ClI: 1.20-2.01) and sensitivity analysis showed similar magnitude to the one generated in the primary
and secondary analysis.

Research conclusions

This multicenter, propensity score-matched cohort study reveals that patients with CD are at increased
risk of PC. Risk elevation persists beyond the first year after diagnosis to reference individuals without
CD from the general population.

Research perspectives

We still know little about the risk factors and mechanisms contributing to developing malignancies
among individuals. Further experimental data and long-term follow-up studies are required to elucidate
the pathogenic mechanisms and to ensure better comprehension of the association between PC and CD.
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