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Abstract
The immunosuppressant drug azathioprine is associated with a 4% risk of acute 
pancreatitis in patients with inflammatory bowel disease (IBD). Studies have dem-
onstrated an increased risk in carriers of HLA-DQA1*02:01 and HLA-DRB1*07:01. 
We investigated whether these human leukocyte antigen (HLA) types were asso-
ciated with azathioprine-induced pancreatitis also in Swedish patients with IBD, 
and whether the type of disease affected the association. Nineteen individuals 
with IBD who developed acute pancreatitis after initiation of azathioprine were 
genotyped and compared with a population control cohort (n = 4891) and a con-
trol group matched for disease (n = 81). HLA-DQA1*02:01 and HLA-DRB1*07:01 
were in full linkage disequilibrium, and were significantly associated with acute 
pancreatitis both when cases were compared with population controls (OR 3.97 
[95% CI 1.57–9.97], p = 0.0035) and matched controls (OR 3.55 [95% CI 1.23–
10.98], p = 0.0275). In a disease-specific analysis, the correlation was positive in 
patients with Crohn's disease versus matched controls (OR 9.27 [95% CI 1.86–
46.19], p = 0.0066), but not in those with ulcerative colitis versus matched con-
trols (OR 0.69 [95% CI 0.07–6.74], p = 0.749). In patients with Crohn's disease, we 
estimated the conditional risk of carriers of HLA-DQA1*02:01-HLA-DRB1*07:01 
to 7.3%, and the conditional risk of a non-carrier to 2.2%. We conclude that HLA-
DQA1*02:01-HLA-DRB1*07:01 is a marker for increased risk of acute pancreati-
tis in individuals of Swedish genetic origin, treated with azathioprine for Crohn's 
disease.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
HLA-DQA1*02:01 and HLA-DRB1*07:01 have been shown to increase the risk of 
acute pancreatitis in individuals with inflammatory bowel disease (IBD) treated 
with azathioprine.
WHAT QUESTION DID THIS STUDY ADDRESS?
It is unknown whether this risk also applies to patients of Swedish origin and if 
the risk differs depending on type of IBD.
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INTRODUCTION

The thiopurine azathioprine and its metabolite mercap-
topurine are immunosuppressant medications used for 
the treatment of inflammatory bowel diseases (IBDs) such 
as Crohn's disease and ulcerative colitis, autoimmune dis-
orders such as rheumatoid arthritis, vasculitis, and auto-
immune hepatitis, and to prevent transplant rejection.1 
Around 17% of patients taking these medications develop 
adverse drug reactions (ADRs) that necessitate drug with-
drawal.2 Acute pancreatitis is a well-recognized dose-
independent and potentially life-threatening ADR that 
occurs in 4% of Crohn's patients taking azathioprine.3 The 
pathogenesis of thiopurine-associated pancreatitis is not 
fully understood, but a genetic predisposition has been 
proposed.

In a genome-wide association study (GWAS) on 
172 cases and 2035 IBD controls of predominantly 
European genetic ancestry, the strongest association 
with azathioprine-induced pancreatitis was with a sin-
gle nucleotide polymorphism (SNP) in the class II HLA 
region, rs2647087 (odds ratio [OR]  =  2.59).4 An associ-
ation was also found with the human leukocyte antigen 
(HLA) alleles HLA-DQA1*02:01 (OR  =  2.54) and HLA-
DRB1*07:01 (OR  =  2.55) that are partially tagged by 
rs2647087 (R2 = 0.49). The risk of developing pancreatitis 
in rs2647087C homozygotes was calculated at about 17%, 
and the risk in heterozygotes at 9%.4 The association with 
rs2647087 was replicated in a Canadian study on IBD pa-
tients: 13 cases of azathioprine-induced pancreatitis (85% 
Crohn's disease) and 360 controls (65% Crohn's disease).5 
Genetic ancestry was not reported.

In this study, we aimed to investigate whether the asso-
ciation between the HLA region and azathioprine-induced 
pancreatitis is valid also in a population of Swedish genetic 
ancestry. In addition, we aimed to investigate whether 
there is a difference in risk between patients with Crohn's 
disease and ulcerative colitis.

METHODS

Ethical statement

The study was approved by the regional ethical review 
boards in Uppsala and Stockholm (2010/231 in Uppsala; 
2007/644-31 and 2011/463-32 in Stockholm). Written in-
formed consent was obtained from all participants.

Sample description

The patients were recruited within the larger 
SWEDEGENE project, which aims to identify genetic 
markers for ADRs, as described.6  The basis for case re-
cruitment was through nationwide spontaneous ADR re-
ports sent from health care professionals to the Swedish 
Medical Products Agency (MPA) between January 1990 
and February 2017. To be included, cases were required to 
meet the following criteria:

a.	 A diagnosis of Crohn's disease or ulcerative colitis,
b.	 Onset of abdominal pain after initiation of therapy with 

azathioprine,
c.	 An increase in P-amylase or P-lipase above the upper 

level of normal,
d.	 Resolution after azathioprine withdrawal,
e.	 No other identifiable cause for pancreatitis, namely, 

gallstones, alcohol abuse, hypertriglyceridemia, infec-
tions (e.g., mumps, coxsackievirus, hepatitis B, cyto-
megalovirus [CMV], varicella-zoster, herpes simplex 
virus [HSV]), recently performed endoscopic retro-
grade cholangiopancreatography (ERCP), ischemia, 
trauma, or concomitant treatment with other drugs 
known to be associated with pancreatitis as defined by 
Badalov et al.,7

f.	 A Naranjo score indicating at least a possible associa-
tion with azathioprine exposure,8

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
We show that HLA-DQA1*02:01 and HLA-DRB1*07:01 are risk markers for 
azathioprine-induced acute pancreatitis in patients of Swedish origin. We pro-
pose that this risk could be restricted to those with Crohn's disease, where the 
estimated risk equals 7.3% for carriers and 2.2% for non-carriers.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
As the HLA-DQA1*02:01-HLA-DRB1*07:01 haplotype has a frequency of ~7% in 
the Swedish population, preemptive HLA-typing could be useful for the selection 
of patients with Crohn's disease that need intensified monitoring or for choice of 
a different therapy.
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g.	 Age at least 18 years at the time of recruitment,
h.	 Able to provide informed consent.

A total of 21 reports of azathioprine-associated pan-
creatitis were retrieved from the MPA. We collected clin-
ical data (demographics, medical history, drug treatment 
history, laboratory data, and country of birth of parents 
as proxy for genetic ancestry) through interviews using 
a standardized questionnaire, and by obtaining and re-
viewing medical records. Each case was adjudicated by 
two specialists in clinical pharmacology and drug safety. 
Based on this evaluation, two cases were excluded for the 
following reasons: no exact information on the increase in 
P-amylase and mismatching disease (juvenile arthritis as 
opposed to IBD). Unrelated individuals from the Swedish 
Twin Registry, which contains genome-wide data for about 
10,000 individuals of predominantly Swedish genetic an-
cestry that were born between 1911 and 1958, were used 
as controls.9  To investigate any possible association be-
tween findings and the underlying IBD type, we selected 
a subgroup of controls from the Swedish Twin Registry 
with a matching diagnosis of IBD (n = 81). The diagno-
ses were obtained by linking the Swedish Twin Registry 
to the National Disease Register operated by the Swedish 
National Board of Health and Social Welfare. Finally, we 
explored whether the underlying type of IBD (i.e., Crohn's 
disease or ulcerative colitis) affected the risk estimates.

Genome-wide array data

DNA was extracted from peripheral venous blood. 
The cases were genotyped with the Illumina Infinium 
OmniExpress 8v1-3_A 1M or Illumina GSAMD-24v3 650K 
array. The controls were genotyped with the Illumina 
HumanOmniExpress 700K array and consisted of 4891 
individuals, where 81  had matching diseases (Table  1). 
Genotype calls were generated using the GenomeStudio 
software from Illumina and the Genome Reference 
Consortium human assembly GRCh37.

Genotyping quality control (QC) and data management 
were performed using PLINK v1.9.10 QC included gender 
checks, exclusion of markers with call rate <0.98, Hardy–
Weinberg p < 5 × 10−8 and minor allele frequency (MAF) 
<0.005 followed by exclusion of individuals with call rate 
<0.98. Imputation was performed using the Sanger im-
putation server11 separately on the different batches. The 
pipeline performed prephasing using Eagle2 (v2.0.5)11,12 
and Positional Burrows–Wheeler Transform imputa-
tion,13 with the haplotype reference consortium panel as 
reference (v1.1) that is predominantly of European ge-
netic ancestry.11 Post-imputation variants were filtered 
out if impute2 quality metric was <0.7 or MAF <0.0001 

and converted to hard calls using PLINK. Using principal 
component analysis (PCA) as implemented in PLINK, 
the cases and controls were checked for stratification 
(Figure  S1) between the different batches and stratifica-
tion between cases and controls (Figure  S2). PCA was 
performed on the merged genotyped material, which 
consisted of approximately 160,000 markers in common 
across panels. No pronounced genetic outliers were seen.

The variant rs2647087 was not present in our imputed 
dataset, and we therefore selected a variant in strong link-
age disequilibrium (LD), rs2647085 (LD: 0.98 r², 0.99 D′ 
vs. rs2647087),14 for the analysis.

HLA allele imputation

HLA allele imputation to first and second field resolu-
tion of 180  classical HLA alleles, amino acid residues, 
and individual SNPs was performed on the merged im-
puted datasets using the software SNP2HLA with the 
T1DGC European HLA reference panel of 5225 indi-
viduals.13,15 The Beagle R2 imputation quality was 0.959 
and 0.950 for HLA-DRB1*07:01 and HLA-DQA1*02:01, 
respectively.

Statistical analysis

The variant rs2647085 was encoded to zero or one, in-
dicating carrier and wild-type, and was tested for as-
sociation in a dominant model. HLA-DQA1*02:01 and 
HLA-DRB1*07:01 were encoded the same way.

HLA-DQA1*02:01 and HLA-DRB1*07:01 were in 
full LD both in cases and controls matched for disease. 
Furthermore, the SNP rs2647085 and the HLA haplotype 
were strongly correlated (r2 = 0.71). We therefore set the 
significance level to 0.05. Comparison of proportions of 
rs2647085 and the HLA haplotype with the outcome pan-
creatitis was performed using logistic regression and ex-
pressed as ORs with 95% confidence intervals (CIs). These 
calculations were done using the lrm function from the 
rms R package (R version 4.1.0, rms version 6.2-0).16 All 
regressions were calculated with four PCs included as co-
variates to control for genetic population structure.

We investigated the influence of the underlying type 
of IBD by including interaction between IBD type and 
genetic variant in the model. Effects per IBD type were 
estimated using contrasts from the interaction model, as 
implemented in the contrast function in the rms R pack-
age. These calculations were restricted to controls with 
matching disease, of whom six individuals with a diag-
nosis of both Crohn's disease and ulcerative colitis were 
excluded, resulting in a total number of 75 controls.
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RESULTS

Characteristics of the 19 cases and the 81 matched controls 
are shown in Table  1. All cases were of Swedish origin, 
except for one who had mixed Swedish and Spanish an-
cestry. All had been treated with azathioprine for Crohn's 
disease or ulcerative colitis, and had developed abdominal 
pain after initiation of azathioprine therapy, with labora-
tory data in agreement with a diagnosis of acute pancrea-
titis. In all cases, symptoms abated after azathioprine was 
withdrawn. Two cases exhibited positive rechallenge after 
switching to therapy with the thiopurine mercaptopurine. 
No patient had a history of alcohol abuse or another sus-
pected differential diagnosis. Zygosity frequencies among 
cases and controls are shown in Table 2.

When cases were compared with all 4891 controls, 
statistically significant associations between pancreatitis 
and rs2647085 (OR = 3.00 [95% CI 1.91–7.55], p = 0.0197) 
and the HLA-DQA1*02:01-HLA-DRB1*07:01  haplotype 
(OR = 3.966. [95% CI 1.57–9.97], p = 0.0035) were detected 
(Table 3). When restricting controls to those matched for 
underlying disease, the association between pancreatitis 

and HLA-DQA1*02:01-HLA-DRB1*07:01 (OR = 3.55 [95% 
CI 1.15–10.98], p = 0.0275) remained, as well as the asso-
ciation with rs2647085 (OR  =  3.67 [95% CI 1.23–11.08], 
p = 0.0201; Table 3).

IBD type specific analysis

For HLA-DQA1*02:01-HLA-DRB1*07:01 and IBD type 
the interaction was marginally significant (p  =  0.066), 
but not for rs2647085 and IBD type (p = 0.287; Table S1). 
Estimated effects per IBD type showed the largest effect in 
Crohn's patients with OR = 9.27 (95% CI 1.86–46.19, p = 
0.0066, Figure 1) for HLA-DQA1*02:01-HLA-DRB1*07:01, 
and OR = 6.61 (95% CI 1.24–35.08, p = 0.0266, Figure 1) 
for the SNP rs2647085. No associations between pancreati-
tis and HLA-DQA1*02:01-HLA-DRB1*07:01 or rs2647085 
were observed for ulcerative colitis (OR  =  0.69 [95% CI 
0.07–6.74, p = 0.7489] and OR = 1.89 [95% CI 0.37–9.70, 
p = 0.4447], respectively; Figure 1).

Frequencies of carriers of the haplotype HLA-DQA1​
*02:01-HLA-DRB1*07:01 and rs2647085 are shown in Table 4.

Characteristic Cases (n = 19)
Controls 
(n = 81)

Sex (n male/female) 10/9 42/39

Mean agea (years), [range] 43 [12–69] 51 [15–77]

Time to onsetb (days), [range] 54.4 [7–365] N/A

Median daily dose of azathioprine (mg/day), [range] 100 [50–200] N/A

Diseasec

Crohn's disease (n) 11 39

Ulcerative colitis (n) 8 48

Mean maximum P-pancreas specific amylased 
(µkat/L), [range]

4.0 [1.3–8.9] N/A

Mean maximum P-amylase (µkat/L), [range]e 21.2 [3.9–44] N/A

Mean alcohol consumption at time of onset (units/
week), [range]

1.8 [0–7] N/A

Naranjo score

9 points (Definite), n 2 N/A

7 points (Probable), n 16 N/A

4 points (Possible), n 1 N/A

Abbreviations: N/A, not applicable; P, plasma.
Note: All cases had laboratory measurements of P-pancreas specific amylase or P-amylase, except one 
patient who had a P-lipase of 40 µkat/L (reference 0.4–5.0).
aAge for cases is at time of onset and at first recorded diagnosis of Crohn's disease or ulcerative colitis for 
controls.
bMissing data for 1 patient.
cA total of 6 controls had a diagnosis of both Crohn's disease and ulcerative colitis.
dReference interval 0.15–1.1 µkat/L for adults and 0.10–0.60 µkat/L for one 12-year-old patient. Data are 
for 14 patients.
eReference interval 0.4–2.0 µkat/L. Data are for 4 patients who did not have measurements of P-pancreas-
specific amylase.

T A B L E  1   Characteristics of included 
cases and controls matched for disease
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Probability of pancreatitis in patients 
carrying HLA-DRB1*07:01 with 
Crohn's disease

The probability of developing pancreatitis from aza-
thioprine was calculated with the assumption that 4% of 
Crohn's patients develop pancreatitis.3,17

A previous study estimated that the 35% of patients with 
Crohn's in the UK are carriers of HLA-DRB1*07:01.18 By 
assuming a similar frequency among patients in Sweden, 
we can estimate the probability of pancreatitis condi-
tioned on carrying HLA-DQA1*02:01-HLA-DRB1*07:01. 
This was calculated to 7.3% among carriers, while the 
probability of a non-carrier developing was estimated to 
be 2.2% (Supplement S1).

DISCUSSION

Previous studies in predominantly European patients have 
shown an association between the risk of azathioprine-
induced pancreatitis and the class II HLA haplotype 

HLA-DQA1*02:01-HLA-DRB1*07:01 as well as with SNPs 
in high LD with this haplotype.4,5

All cases in our study had IBD, which is also associated 
with specific HLA class II types. The inheritance pattern 
for IBD is, however, complicated and differs between ge-
netic ancestry and diseases. In individuals of European 
and American genetic ancestry, the most replicated as-
sociation between HLA class II and ulcerative colitis is 
with the rare HLA-DRB1*01:03 allele.19 One of the most 
consistent associations between HLA class II and Crohn's 
disease in Europeans is with the common HLA-DRB1*07 
allele.18,19 By using control subjects matched for IBD type 
and studying interaction terms, we can control for con-
founding by indication, which occurs when a risk factor 
for disease that promotes exposure to the drug in question 
is erroneously detected as a risk factor for the ADR.18-20

In the present study, we showed that the haplotype 
HLA-DQA1*02:01-HLA-DRB1*07:01 and rs2647085 are 
predictive of azathioprine-associated pancreatitis in a 
Swedish population.

Interestingly, our results suggest that the genetic asso-
ciation with pancreatitis is markedly different depending 

Wild-type
n (%)

Heterozygosity
n (%)

Homozygosity
n (%)

HLA-DQA1*02:01-HLA-DRB1*07:01

Cases (n = 19) 11 (57.89) 8 (42.11) 0

Matched controls 
(n = 81)

67 (82.71) 13 (16.04) 1 (1.23)

All controls (n = 4891) 4150 (84.84) 704 (14.39) 37 (0.76)

rs2647085

Cases (n = 19) 11 (57.89) 8 (42.11) 0

Matched controls 
(n = 81)

55 (67.90) 21 (25.93) 5 (6.17)

All controls (n = 4891) 3425 (70.03) 1331 (27.21) 135 (2.76)

Note: Zygosity frequencies in cases of azathioprine-associated pancreatitis, controls matched for disease, 
and all controls.

T A B L E  2   Zygosity frequencies

T A B L E  3   Odds ratios for the risk of azathioprine-induced pancreatitis

Target OR OR CI 95% P value �0 estimate Cases(n) Controls(n)

rs2647085 3.0008 [1.91–7.55] 0.0197 −6.00 19 4891

HLA-DQA1*02:01-HLA-
DRB1*07:01

3.966 [1.57–9.97] 0.0035 −5.89 19 4981

rs2647085 3.67 [1.23–11.07] 0.0201 −1.86 19 81

HLA-DQA1*02:01-HLA-
DRB1*07:01

3.55 [1.15–10.98] 0.0275 −1.65 19 81

Note: Analysis was performed using logistic regression and expressed as odds ratios with 95% confidence intervals. Principal component one to four was 
included as covariates.
Cases of azathioprine-induced pancreatitis were compared with all population controls (n = 4891) and controls matched for disease (n = 81).
Abbreviations: CI, confidence interval; OR, odds ratio.
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on type of IBD, in that patients with Crohn's disease ex-
hibit a strong association with both HLA-DQA1*02:01-
HLA-DRB1*07:01 and rs2647085, while no correlation 
was observed in cases with ulcerative colitis. These find-
ings are contrary to the study by Heap et al.4 who did not 
observe a difference in risk between patients with Crohn's 
disease and ulcerative colitis. Due to the low number of 
cases in our study, and the increase in sample size needed 
for interaction studies, the results should be interpreted 
with caution.21 Furthermore, since we do not know if 
our disease-matched controls had been exposed to aza-
thioprine, any estimates should be considered conserva-
tive. A possibility for a disease-specific risk is supported 
by the epidemiological finding that azathioprine-induced 
pancreatitis appears to be more common in patients 
with Crohn's disease than in patients with other diseases 
for which it is prescribed,2,22-24 although this has been 
disputed.25,26 As mentioned above, the HLA-DRB1*07 
allele is also overrepresented in European patients with 
Crohn's disease.18,19 The mechanism through which 
these genetic markers increases the risk of pancreatitis in 
azathioprine-treated patients with Crohn's disease is not 
known, and it cannot be excluded that genetic variation 
other than HLA plays a role. However, a growing num-
ber of immune-mediated drug reactions are associated 
with specific HLA alleles.27 In general the mechanisms 
underlying these associations are unknown, but for some 

medications, mechanistic studies have been performed. 
Abacavir and carbamazepine that are associated with se-
vere hypersensitivity, and carbamazepine in patients car-
rying certain MHC class I HLA-B types (HLA-B*57:01 and 
HLA-B*15:02, respectively) have been shown to interact 
with these HLA-B types.28 The binding of these medica-
tions to the respective HLA-  B types changes the shape 
and chemistry of the antigen-binding cleft, thereby alter-
ing the repertoire of endogenous peptides that it can bind 
to. In this way, new endogenous peptides act as antigens, 
thereby inducing the activation of T-cells and causing 
an immune response manifesting as hypersensitivity or 
Stevens–Johnson syndrome in certain patients.

HLA-DQA1 and HLA-DRB1 belong to the MHC class 
II,29 and whether a similar mechanism is applicable also to 
HLA-D type II is currently not known. HLA class I genes 
are ubiquitously expressed in cells, while expression of 
class II genes is mainly restricted to thymic epithelial cells, 
B-cells, macrophages, and dendritic cells.29 Expression of 
HLA-DQA1 and HLA-DRB1 in pancreatic cell lines is lim-
ited,30 but extensive expression of HLA-DQA1 and HLA-
DRB1  has been demonstrated in both monocytes and 
macrophages within pancreatic tissue (http://www.prote​
inatl​as.org).31

In our study, patients with Crohn's disease carrying 
HLA-DQA1*02:01-HLA-DRB1*07:01  had an estimated 
3.3-fold increased risk of experiencing pancreatitis. This 

F I G U R E  1   Odds ratio for 
azathioprine-induced pancreatitis from 
inflammatory bowel disease (IBD) type 
specific contrast tests. The term being 
contrasted is the genetic factor, while the 
IBD subtype is being held constant for 
each type. Each test was performed for 
both HLA-DQA1*02:01-HLA-DRB1*07:01 
and rs2647085 as genetic factor. Odds 
ratio (OR), p value and 95% confidence 
interval (CI) can be found above each line

T A B L E  4   Number of carriers of genetic variants among cases and controls divided by type of inflammatory bowel disease

Inflammatory bowel disease HLA-DQA1*02:01-HLA-DRB1*07:01 carriers rs2647085 carriers

Crohn's disease Cases: 7/11 Cases: 8/11

Controls: 6/33 Controls: 12/33

Ulcerative colitis Cases: 1/8 Cases: 3/8

Controls: 7/42 Controls: 11/42

http://www.proteinatlas.org
http://www.proteinatlas.org
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risk is calculated under the assumption that the carrier 
frequency of patients in Sweden is the same as in the 
UK; however, the carrier frequency was estimated to 
be 28% in the British population for HLA-DRB1*07:01 
but only 14% in the Swedish population.17,32 Due to this 
difference, the risk of developing pancreatitis among 
Swedish patients with HLA-DRB1*07:01  might be un-
derestimated. Therefore, preemptive HLA-typing could 
be useful for the selection of patients who need inten-
sified monitoring or choice of a different therapy. In 
conclusion, we have confirmed the association between 
the HLA-DQA1*02:01-HLA-DRB1*07:01 haplotype and 
azathioprine-associated pancreatitis in Swedish patients 
with Crohn's disease.

ACKNOWLEDGMENTS
We thank research nurses Ulrica Ramqvist, Charlotta 
Haglund, Elisabeth Balcom, and Elisabet Stjernberg and 
research assistants Sofie Collin, Eva Prado Lopez, Agnes 
Kataja Knight, Agnes Wadelius, and Martha Wadelius, 
Department of Medical Sciences, Clinical Pharmacology, 
Uppsala University, Uppsala, Sweden, for recruiting and 
interviewing cases and for administering the phenotype 
database. We acknowledge Barbro Sandin and Robert 
Karlsson at the Department of Medical Epidemiology 
and Biostatistics, Karolinska Institutet, for access to data 
from the Swedish Twin Registry controls. We are grate-
ful to Tomas Axelsson for SNP array genotyping at the 
Department of Medical Sciences, SNP&SEQ Technology 
Platform, which is part of the National Genomics 
Infrastructure (NGI) Sweden and Science for Life 
Laboratory. Computations were performed on resources 
provided by SNIC through the Uppsala Multidisciplinary 
Center for Advanced Computational Science (UPPMAX).

CONFLICT OF INTEREST
The authors declared no competing interests for this work.

AUTHOR CONTRIBUTIONS
J.Å., I.B., N.E., P.H., and M.W. wrote the manuscript. P.H., 
M.W., and P.K.E.M. designed the research. P.H. and I.B. 
performed the research. J.Å. and N.E. analyzed the data.

REFERENCES
	 1.	 Sahasranaman S, Howard D, Roy S. Clinical pharmacology 

and pharmacogenetics of thiopurines. Eu J Clin Pharmacol. 
2008;64:753-767.

	 2.	 Chaparro M, Ordás I, Cabré E, et al. Safety of thiopurine ther-
apy in inflammatory bowel disease: long-term follow-up study 
of 3931 patients. Inflamm Bowel Dis. 2013;19:1404-1410.

	 3.	 Gordon M, Grafton-Clarke C, Akobeng A, et al. Pancreatitis 
associated with azathioprine and 6-mercaptopurine use in 
Crohn’s disease: a systematic review. Frontline Gastroenterol. 
2021;12(5):423-436.

	 4.	 Heap GA, Weedon MN, Bewshea CM, et al. HLA-DQA1-HLA-
DRB1 variants confer susceptibility to pancreatitis induced by 
thiopurine immunosuppressants. Nat Genet. 2014;46:1131-1134.

	 5.	 Wilson A, Jansen LE, Rose RV, et al. HLA-DQA1-HLA-DRB1 
polymorphism is a major predictor of azathioprine-induced 
pancreatitis in patients with inflammatory bowel disease. 
Aliment Pharmacol Ther. 2018;47:615-620.

	 6.	 Hallberg P, Yue Q-Y, Eliasson E, et al. SWEDEGENE-a Swedish 
nation-wide DNA sample collection for pharmacogenomic 
studies of serious adverse drug reactions. Pharmacogenomics J. 
2020;20:579-585.

	 7.	 Badalov N, Baradarian R, Iswara K, et al. Drug-induced acute 
pancreatitis: an evidence-based review. Clin Gastroenterol 
Hepatol. 2007;5(6):648-661.e3; quiz 644.

	 8.	 Naranjo CA, Busto U, Sellers EM, et al. A method for estimating 
the probability of adverse drug reactions. Clin Pharmacol Ther. 
1981;30:239-245.

	 9.	 Ameur A, Dahlberg J, Olason P, et al. SweGen: a whole-genome 
data resource of genetic variability in a cross-section of the 
Swedish population. Eur J Hum Genet. 2017;25:1253-1260.

	10.	 Chang CC, Chow CC, Tellier LC, et al. Second-generation 
PLINK: rising to the challenge of larger and richer datasets. 
Gigascience. 2015;4:7.

	11.	 McCarthy S, Das S, Kretzschmar W, et al. A reference panel 
of 64,976 haplotypes for genotype imputation. Nat Genet. 
2016;48:1279-1283.

	12.	 Loh P-R, Danecek P, Palamara PF, et al. Reference-based phas-
ing using the Haplotype Reference Consortium panel. Nat 
Genet. 2016;48:1443-1448.

	13.	 Durbin R. Efficient haplotype matching and storage using the 
positional Burrows-Wheeler transform (PBWT). Bioinformatics. 
2014;30:1266-1272.

	14.	 Ward LD, Kellis M. HaploReg: a resource for exploring chro-
matin states, conservation, and regulatory motif alterations 
within sets of genetically linked variants. Nucleic Acids Res. 
2012;40:D930-D934.

	15.	 Jia X, Han B, Onengut-Gumuscu S, et al. Imputing amino 
acid polymorphisms in human leukocyte antigens. PLoS One. 
2013;8:e64683.

	16.	 Harrell FE. Regression Modeling Strategies: With Applications 
to Linear Models, Logistic and Ordinal Regression, and Survival 
Analysis. Springer Series in Statistics, Vol. 3. Springer; 2015.

	17.	 Nordin J, Ameur A, Lindblad-Toh K, et al. SweHLA: the high 
confidence HLA typing bio-resource drawn from 1000 Swedish 
genomes. Eur J Hum Genet. 2020;28:627-635.

	18.	 Ahmad T, Armuzzi A, Bunce M, et al. The molecular classi-
fication of the clinical manifestations of Crohn’s disease. 
Gastroenterology. 2002;122:854-866.

	19.	 Ahmad T, Marshall S-E, Jewell D. Genetics of inflamma-
tory bowel disease: the role of the HLA complex. World J 
Gastroenterol. 2006;12:3628-3635.

	20.	 Salas M, Hofman A, Stricker BH. Confounding by indication: 
an example of variation in the use of epidemiologic terminol-
ogy. Am J Epidemiol. 1999;149:981-983.

	21.	 Brookes ST, Whitely E, Egger M, et al. Subgroup analyses in 
randomized trials: risks of subgroup-specific analyses; power 
and sample size for the interaction test. J Clin Epidemiol. 
2004;57:229-236.

	22.	 Weersma RK, Peters FTM, Oostenbrug LE, et al. Increased 
incidence of azathioprine-induced pancreatitis in Crohn’s 



1256  |      ÅS et al.

disease compared with other diseases. Aliment Pharmacol Ther. 
2004;20:843-850.

	23.	 Rasmussen HH, Fonager K, Sørensen HT, et al. Risk of acute 
pancreatitis in patients with chronic inflammatory bowel dis-
ease. A Danish 16-year nationwide follow-up study. Scand J 
Gastroenterol. 1999;34:199-201.

	24.	 Bermejo F, Lopez-Sanroman A, Taxonera C, et al. Acute pan-
creatitis in inflammatory bowel disease, with special reference 
to azathioprine-induced pancreatitis. Aliment Pharmacol Ther. 
2008;28:623-628.

	25.	 van Geenen EJM, de Boer NKH, Stassen P, et al. Azathioprine or 
mercaptopurine-induced acute pancreatitis is not a disease-specific 
phenomenon. Aliment Pharmacol Ther. 2010;31:1322-1329.

	26.	 Wintzell V, Svanström H, Olén O, et al. Association between 
use of azathioprine and risk of acute pancreatitis in children 
with inflammatory bowel disease: a Swedish-Danish nation-
wide cohort study. Lancet Child Adolesc Health. 2019;3:158-165.

	27.	 Carr DF, Pirmohamed M. Biomarkers of adverse drug reac-
tions. Exp Biol Med. 2018;243:291-299.

	28.	 Illing PT, Vivian JP, Dudek NL, et al. Immune self-reactivity 
triggered by drug-modified HLA-peptide repertoire. Nature. 
2012;486:554-558.

	29.	 Handunnetthi L, Ramagopalan SV, Ebers GC, Knight JC. 
Regulation of major histocompatibility complex class II gene 

expression, genetic variation and disease. Genes Immun. 
2010;11:99-112.

	30.	 Uhlén M, Fagerberg L, Hallström BM, et al. Proteomics. Tissue-
based map of the human proteome. Science 2015;347:1260419.

	31.	 Thul PJ, Åkesson L, Wiking M, et al. A subcellular map of the 
human proteome. Science 2017;356. doi:10.1126/scien​ce.aal3321

	32.	 Neville MJ, Lee W, Humburg P, et al. High resolution HLA hap-
lotyping by imputation for a British population bioresource. 
Hum Immunol. 2017;78:242-251.

SUPPORTING INFORMATION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Ås J, Bertulyte I, Eriksson 
N, Magnusson PKE, Wadelius M, Hallberg P. HLA 
variants associated with azathioprine-induced 
pancreatitis in patients with Crohn’s disease. Clin 
Transl Sci. 2022;15:1249-1256. doi:10.1111/cts.13244

https://doi.org/10.1126/science.aal3321
https://doi.org/10.1111/cts.13244

	HLA variants associated with azathioprine-­induced pancreatitis in patients with Crohn’s disease
	Abstract
	INTRODUCTION
	METHODS
	Ethical statement
	Sample description
	Genome-­wide array data
	HLA allele imputation
	Statistical analysis

	RESULTS
	IBD type specific analysis
	Probability of pancreatitis in patients carrying HLA-­DRB1*07:01 with Crohn's disease

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	REFERENCES


