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Azathioprine or mercaptopurine induced acute pancreatitis is not a disease specific phenomenon
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Aim

To compare the incidence of thiopurine-induced acute pancreatitis (TIAP) in patients with IBD with that in patients with vasculitis.

Methods

This retrospective analysis was performed using data collected in three databases by two university hospitals (241 patients with IBD and 108 patients with vasculitis) and one general district hospital (72 patients with IBD).

Results

The cumulative incidence of TIAP in CD equalled that of ulcerative colitis (UC) (2.6% vs. 3.7%), and this did not differ from vasculitis patients (2.6% vs.1.9%). Additionally, the cumulative incidence of TIAP in UC-patients was not different from vasculitis patients. In the IBD group, 100% of TIAP-patients were female , whereas in the vasculitis group the two observed TIAP cases (n=2 out of 2) concerned males (p=0.012).

Conclusions

In this study, the alleged higher cumulative incidence of TIAP in CD compared to vasculitis or UC patients was not confirmed. Female gender appears to be a risk factor for developing TIAP in IBD patients.
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Introduction

Drugs are thought to be a relatively rare cause of acute pancreatitis, with an estimated incidence between 1:1000 to 1:50 [START_REF] Balani | Drug-induced pancreatitis : incidence, management and prevention[END_REF][START_REF] Badalov | Druginduced acute pancreatitis: an evidence-based review[END_REF] . The true incidence of drug related pancreatitis is hampered by underreporting of cases by clinicians to the appropriate authorities. Nevertheless, many drugs have been suspected of causing pancreatitis with evidence mainly derived from case reports and small cohort studies. Diagnosis of drug-induced pancreatitis may be cumbersome as in cases with mild to moderate severity abdominal complaints may not stand out against regular symptoms of the underlying disease. Diagnosis and subsequent identification of the culprit pathogenic drugs is pivotal since disease course may worsen if the causative drug is not withdrawn [START_REF] Badalov | Druginduced acute pancreatitis: an evidence-based review[END_REF] . Few data exist on the mechanisms causing drug-induced pancreatitis.

Clinically, certain subpopulations such as children, women, the elderly, and patients with inflammatory bowel disease appear to be at higher risk [START_REF] Balani | Drug-induced pancreatitis : incidence, management and prevention[END_REF][START_REF] Badalov | Druginduced acute pancreatitis: an evidence-based review[END_REF] .

The thiopurine bases 6-mercaptopurine (MP) and azathioprine (AZA) are widely used in the treatment of patients with inflammatory bowel disease (IBD) and vasculitis.

These immunosuppressives, usually intended for maintenance treatment, reduce the need for corticosteroids in about 75% of patients. Median response time of effectiveness is three to four months [START_REF] Ewe | Azathioprine combined with prednisolone or monotherapy with prednisolone in active Crohn's disease[END_REF][START_REF] Korelitz | Long-term experience with 6-mercaptopurine in the treatment of Crohn's disease[END_REF][START_REF] Boer | Drug Insight: pharmacology and toxicity of thiopurine therapy in patients with IBD[END_REF][START_REF] Guillevin | Treatment of systemic vasculitides[END_REF] . Remarkably, several reports suggest an increased rate of AZA induced pancreatitis in patients with Crohn's disease (CD) compared to other patients groups also suffering from idiopathic, chronic inflammatory conditions with auto-immune characteristics [START_REF] Weersma | Increased incidence of azathioprine-induced pancreatitis in Crohn's disease compared with other diseases[END_REF][START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] . Thiopurine use is known to induce adverse events in a fairly high percentage ranging from 10 to 29% [START_REF] De Jong | Safety of thiopurines in the treatment of inflammatory bowel disease[END_REF][START_REF] Ananthakrishnan | Severe pulmonary toxicity after azathioprine/6-mercaptopurine initiation for the treatment of inflammatory bowel disease[END_REF] .

Apparently, adverse events are not only drug-class specific, but may be diseaserelated as well [START_REF] Weersma | Increased incidence of azathioprine-induced pancreatitis in Crohn's disease compared with other diseases[END_REF][START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] . In this study we investigate whether the incidence of thiopurine 

Methods

Patient selection and data collection

The study was performed with data enclosed in three databases from two university started in a therapeutic step-up approach similar to guidelines that recently have been advocated in the ECCO guidelines of IBD [START_REF] Stange | The European consensus on ulcerative colitis: new horizons?[END_REF][START_REF] Stange | European evidence based consensus on the diagnosis and management of Crohn's disease: definitions and diagnosis[END_REF][START_REF] Travis | European evidence based consensus on the diagnosis and management of Crohn's disease: current management[END_REF] . Information of IBD patients from the St Anna Hospital, a general hospital in Geldrop, was extracted from an IBDdatabase dating back to January 2000. Diagnosis of IBD was established by two gastroenterologists (RL and his colleague). Both were trained to manage thiopurine therapy similar to that at the VUMC.

ANCA-positive-vasculitis patients who were treated at the UMCG with AZA were retrieved from the hospital records from the period January 1995 to February 2006.

Patients were classified using the Chapel Hill Consensus Conference definitions [START_REF] Jennette | Nomenclature of systemic vasculitides. Proposal of an international consensus conference[END_REF] .

All patients were initially treated with oral cyclophosphamide 1.5-2.0 mg/kg/d, in combination with corticosteroids. When remission induction was achieved for a three- month period, patients switched to AZA 1.5-2.0 mg/kg/d. A complete blood count was performed at week 2 and 4 after baseline to adjust the dose of AZA to maintain white blood cell count above 4.0 10 9 /l. From twelve months onwards, the daily dose of AZA was tapered by 25 mg every three months to 1.5mg/kg bodyweight.

Of all patients, thiopurine dosage, duration of therapy, laboratory results, body mass index, smoking habits, time to develop TIAP, and co-medication were collected. TIAP was defined as serum amylase or lipase equal or more than two times the upper reference limit of normal (200IU/l), combined with compatible clinical signs, such as chronic or acute epigastric pain with or without radiation to the back. Other aetiologies of acute pancreatitis (hypertriglycaemia, excessive alcohol use: ≥5 units per day, biliary causes and hypercalcaemia) had to be excluded.

Cumulative incidence was defined as the number of new cases within a specified time period divided by the size of the population initially at risk. The time period used is the mean time that thiopurines were used by a specific cohort. The incidence rate was defined as the number of new cases per unit of person-time at risk, correcting for possible differences in mean follow-up time (thiopurine use in this study) between different studies. In this study, we defined the incidence rate as the number of new cases of acute pancreatitis or TIAP/100000/year.

Statistical analysis

To compare proportions of TIAP in different treatment groups, an independent samples t-test, chi-square test and Fischer-exact test were used with a p < 0.05 considered as significant (SPSS version 14, Chicago, U.S.). Fourteen patients were diagnosed with microscopic polyangiitis, 84 with Wegener's disease and ten with non-classified glomerulonephritis (table 1).
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Differences between academic and general district hospital in IBD patients

A higher percentage of the IBD patients received thiopurine therapy in the academic hospital (VUMC) when compared to patients treated in the general district hospital (SAH) (24% versus 17%, P<0.001). In the academic hospital, a higher percentage of The cumulative incidence of TIAP in patients on MP compared to AZA was similar, respectively: 1.9% vs 3.0% (p=0.58).

IBD

Incidence rate of acute pancreatitis

The incidence rate of acute pancreatitis (due to any cause) in this IBD-cohort was calculated by approximation: ten patients with acute pancreatitis divided by a total of 313 IBD patients divided by 2.73 years of follow up, times 100.000, resulting in an incidence rate of 1070/100.000/year. The incidence rate of TIAP in the IBD cohort (thus, related to thiopurine use) was calculated to be: nine cases in 313 patients in an average 2.73 year, resulting in 1053/100.000/year. In the vasculitis group a similar calculation was performed: two patients with acute pancreatitis divided by a total of 108 patients with vasculitis divided by 3.23 years of follow-up, times 100.000, which resulted in an incidence rate of 573/100.000/year.

Incidence rate of TIAP in patients with IBD not using thiopurines was calculated using the university database. Of the 733 patients with IBD, not using thiopurines, the follow-up of 658 patients could be retrieved, which resulted in a mean follow-up of 7.7 
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Discussion

In this study we assessed the cumulative incidence of TIAP in 313 patients with IBD and 108 patients with vasculitis. The cumulative incidence of acute pancreatitis in all patients was 2.4%, irrespective of the causative factor. The overall cumulative incidence of TIAP was 2.1%. The cumulative incidence of TIAP was not statistically significant different between patients with CD (2.6%), UC (3.7%) or IBD (2.9%), when compared to patients with vasculitis (1.9%). Therefore, TIAP seemed not to be a disease specific phenomenon.

The cumulative incidence of TIAP in IBD patients varies in literature between 1% to 6% 7, 8, 15-18 , which is in line with our findings (2.9 %). Incidence of TIAP in patients with vasculitis is not widely reported. Apart from a few case reports, only one retrospective study reported no occurrence of TIAP in vasculitis (n=85, Wegener's disease) [START_REF] Weersma | Increased incidence of azathioprine-induced pancreatitis in Crohn's disease compared with other diseases[END_REF] . In our series; the cumulative incidence of TIAP in patients with vasculitis was relatively low (1.9%), but in the range of TIAP in IBD patients. Intriguingly, TIAP developed in one patient with Wegener's disease (n=1/84; 1.2%).

Previous series reported an increased cumulative incidence of TIAP in CD-patients compared to UC, autoimmune hepatitis and autoimmune vasculitis-patients [START_REF] Weersma | Increased incidence of azathioprine-induced pancreatitis in Crohn's disease compared with other diseases[END_REF][START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] .

Several theories have been put forward to explain this observation: 1) a higher percentage of smokers (Relative Risk 3.59) [START_REF] Lindkvist | A prospective cohort study of smoking in acute pancreatitis[END_REF] , 2) duodenal involvement of CD (5-12%) [START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] , and 3) a higher prevalence of choledocholithiasis or sludge [START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] . In our series, however, UC and vasculitis patients who developed TIAP did not smoke, and duodenal involvement of CD was not present. Additionally, the cumulative incidence of TIAP did not differ between CD and UC patients (2.6 vs. 3.7%). The two patients with vasculitis developed TIAP after an eight month period which is a much longer interval when compared to patients with IBD in whom TIAP occurred within 30 days (p<0.0001). In IBD patients an "idiosyncratic" reaction appears to be the cause of TIAP, and this 30 days interval of developing TIAP is also reported by others [START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF][START_REF] Dubinsky | Thioguanine: a potential alternate thiopurine for IBD patients allergic to 6mercaptopurine or azathioprine[END_REF] . Thiopurines are usually initiated in patients already using corticosteroids, suggesting a direct toxic component in the development of TIAP. Corticosteroids were simultaneously used in 4 out of 9 patients of this series (prednisone). A female predominance in patients with TIAP has been described before in patient series suffering from IBD, but not as stern as in this cohort of IBD patients [START_REF] Weersma | Increased incidence of azathioprine-induced pancreatitis in Crohn's disease compared with other diseases[END_REF][START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] . It is unclear what this observed susceptibility to TIAP caused in female IBD patients. Both vasculitis patients who developed TIAP were man.

Regarding the aetiology of adverse effects of thiopurines several pharmacodynamic and metabolic options have been suggested in literature [START_REF] Krynetski | Genetic polymorphism of thiopurine Smethyltransferase: clinical importance and molecular mechanisms[END_REF][START_REF] De | Pharmacogenetics of thiopurine therapy in paediatric IBD patients[END_REF][START_REF] Marinaki | Mutation in the ITPA gene predicts intolerance to azathioprine[END_REF] . Conflicting data have been published concerning the role of the thiopurine metabolizing enzyme inosine triphosphate pyrophosphatase (ITPase) in developing TIAP [START_REF] De | Pharmacogenetics of thiopurine therapy in paediatric IBD patients[END_REF][START_REF] Marinaki | Mutation in the ITPA gene predicts intolerance to azathioprine[END_REF][START_REF] Gearry | Lack of association between the ITPA 94C>A polymorphism and adverse effects from azathioprine[END_REF] . Patients with diminished ITPase may be at an increased risk of developing TIAP. Whether TIAP is a drug class (thus thiopurine) induced phenomenon is recently challenged by reviews on the use of the non-conventional thiopurine 6-tioguanine [START_REF] De Boer | 6-Thioguanine treatment in inflammatory bowel disease: a critical appraisal by a European 6-TG working party[END_REF] .6-Tioguanineinduced pancreatitis is rare and has been reported to occur in only 1% of IBD patients previously intolerant to the classical thiopurines AZA and/or MP.

Remarkably, 10% of this 6-tioguanine-using group had developed TIAP when using AZA before [START_REF] De Boer | On tolerability and safety of a maintenance treatment with 6-thioguanine in azathioprine or 6-mercaptopurine intolerant IBD patients[END_REF] . [START_REF] Yadav | Trends in the epidemiology of the first attack of acute pancreatitis: a systematic review[END_REF] . The incidence rate in these cohorts of vasculitis and IBDpatients on thiopurines is approximately 38 (573/15) and 75 (1070/15) times higher than the observed yearly incidence rate in the Netherlands. This increased relative risk (allegedly well above 10) strongly corroborates the association between thiopurine use and acute pancreatitis. A much lower incidence of acute pancreatitis of 79/100.000/year in the IBD patients not using thiopurines compared to the above mentioned cumulative incidences of acute pancreatitis in IBD patients using thiopurines corroborates an association between thiopurines and acute pancreatitis.
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On a statistical level the cumulative incidences did not differ between patient groups, but the absolute incidence rates for IBD 1053/100.000/year was twice that of the vasculitis group, which was within the range of the results reported by Weersma et al and Baja et al, both reporting an increased incidence rate of TIAP in CD if compared to other autoimmune diseases [START_REF] Weersma | Increased incidence of azathioprine-induced pancreatitis in Crohn's disease compared with other diseases[END_REF][START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] . In the study of Baja, the definition of TIAP was restricted to a one-month follow-up, which potentially excluded late onset TIAP [START_REF] Bajaj | Increased rates of early adverse reaction to azathioprine in patients with Crohn's disease compared to autoimmune hepatitis: a tertiary referral center experience[END_REF] .

Therefore, the results of our study should be compared prudently with this study, as TIAP in (our) non-IBD patients developed in general much later. However, implying their inclusion criteria and definitions, the TIAP percentage would be 0% in the vasculitis group in our series, which nearly equals their findings. The study by Weersma and colleagues only calculated the incidence rate, which is not corrected by the follow-up time [START_REF] Weersma | Increased incidence of azathioprine-induced pancreatitis in Crohn's disease compared with other diseases[END_REF] . Consequently, a comparison with our findings would probably be biased by this difference in duration of follow-up. The incidence of acute pancreatitis is increased in IBD patients, compared with the general population [START_REF] Blomgren | A Swedish case-control network for studies of drug-induced morbidity--acute pancreatitis[END_REF] . An acute pancreatitis incidence of respectively 1,4% and 1,6% has been reported in cohorts of 852 and 5073 IBD-patients, respectively [START_REF] Weber | Acute pancreatitis in Crohn's disease[END_REF][START_REF] Bermejo | Acute pancreatitis in inflammatory bowel disease, with special reference to azathioprine-induced pancreatitis[END_REF] . This is in line with our observations in non-thiopurine-using IBD patients (79/100.000/year) plus thiopurine-using IBD-patients (1070/100.000/year) resulting in a total of 1.1% acute pancreatitis per year in this IBD cohort.

In addition, chronic pancreatitis (CP) is associated with IBD with an estimated 250 times higher incidence in patients with IBD (1.2%) compared to the average risk in the general population [START_REF] Barthet | Chronic pancreatitis and inflammatory bowel disease: true or coincidental association?[END_REF] . Finally, a recent report by Ravi and colleagues documented a substantial, relatively increased, proportion of IBD patients in a cohort of patients suffering from autoimmune pancreatitis (AIP) [START_REF] Ravi | Inflammatory bowel disease in the setting of autoimmune pancreatitis[END_REF] .

Primary sclerosing cholangitis (PSC) ,which is more prevalent in patients with IBD (2-10%) [START_REF] Ananthakrishnan | Does primary sclerosing cholangitis impact quality of life in patients with inflammatory bowel disease?[END_REF] , is associated with an increased incidence of acute pancreatitis [START_REF] Imrie | Sclerosing cholangitis: a rare etiology for acute pancreatitis[END_REF][START_REF] Matsushita | Primary sclerosing cholangitis associated with limy bile and acute pancreatitis[END_REF] 

  an increased rate of adverse reactions to azathioprine (AZA) in patients with Crohn's disease (CD).

  hospitals and one general hospital in the Netherlands. The IBD patients were treated at the VU University Medical Centre (VUMC) in Amsterdam and St-Anna-Hospital (SAH) in Geldrop. The vasculitis patients were treated at the University Medical Centre of Groningen (UMCG). In all three databases (VUMC, UMCG and SAH) information was collected regarding patient characteristics, dosage of thiopurines, side effects, co-medication, duration of thiopurine use, and reason for discontinuation of AZA/MP. In the VUMC-IBD database, patients with IBD were studied in an interception cohort from 01-01-2000 till 01-01-2007. The database is maintained daily to monitor IBD patients and their treatment. Diagnosis of IBD was established and classified by an experienced IBD-gastroenterologist (AvB). Azathioprine or MP was

  Amylase] = maximal documented amylase concentration during pancreatitis attack (reference level: 0-100 U/l) F= female; M= male; Concomitant medication: 1= prednisone, 2 = budesonide, 3 = mesalazine; IBD=Inflammatory Bowel Disease; AIV=autoimmune vasculitis; CD = Crohn's disease; UC = Ulcerative colitis;Y = years; d = days; NCGN = Non-classifiable glomerulonephritis; MPO = Myeloperoxidase; PR 3 = Proteinase 3, MP = Mercaptopurine Cumulative incidence of thiopurine induced acute pancreatitis (TIAP) ; F = Female; TIAP = Thiopurine induced acute pancreatitis; CD = Crohn's disease; UC = Ulcerative Colitis; IBD-U = IBD Unclassified

  ResultsBetween 2000 and 2007, 1002 patients were collected in the VUMC database.Twenty-eight patients were excluded because they eventually proved to have no IBD, leaving 974 patients. Of these, 733 patients did not use thiopurines in the studied intercept. Consequently, 241 patients were available for analysis. Crohn's disease was diagnosed in 162 patients, ulcerative colitis (UC) in 76 patients, and colitis of undetermined origin (IBD-U) in 3 patients (table1). In the SAH database 424 patients with IBD were collected. Seventy-two IBD patients used AZA or MP. Crohn's disease
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was diagnosed in 34 patients, UC in 32 patients and IBD-U in 6 patients (table

1

). All of the 108 ANCA-positive-vasculitis patients in the UMCG database received AZA.

  Demographic and clinical differences between IBD and vasculitis patientsPatients with IBD were significantly younger than vasculitis patients (42.6 and 46.3 years versus 51.9 years, p<0.0001). Average BMI, age at first use of a thiopurine derivative (baseline) and percentage of men were lower in the IBD group (p<0.0001).Cumulative incidences of patients with CD, UC and vasculitis were equal (2.6% and 3.7% vs. 1.9%, p= 0.443 and p=1.00, respectively). The incidence of TIAP in IBD was higher in women than in men (5.1% vs 0%, p=0.012). No difference in TIAP cumulative incidence was observed between patients in the university hospital (VUMC) and patients from the general district hospital (SAH: p=0.79). Another difference between the IBD and vasculitis patients was the time lag between initiation of AZA/MP therapy and the development of TIAP. All IBD cases developed TIAP within 1 month, whereas in vasculitis patients this time interval was more than 8 months (see table 2, p<0.0001).

	Azathioprine mean dosage was higher in the IBD group (1.87 and 1.82 mg/kg versus
	1.43 mg/kg, p<0.0001, table 1). The mean duration of thiopurine use was longer in
	the vasculitis cohort than the IBD cohort (3.23 year versus 2.73 year, p<0.00001)
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	patients had CD (67% versus 47%, p=0.012), a longer duration of IBD (96 versus 24 months, p=0.012) and a younger age at diagnosis (27 versus 35 years, w w
	p=0.03, see table 1). Azathioprine, next to MP use, was more commonly used in the
	general hospital when compared to the cohort of the university hospital (93 versus
	80%, p=0.0023).

Cumulative incidence of acute pancreatitis

Overall, acute pancreatitis was diagnosed in 10 IBD patients on thiopurines. One patient was diagnosed with an alternative aetiology of acute pancreatitis, being a post-double-balloon-enteroscopy-pancreatitis. Therefore, nine patients with acute pancreatitis met the inclusion criteria for having a possible TIAP (9/313 = 2.9%) in the IBD population (VUMC plus SAH). Two patients with IBD, who were diagnosed with TIAP (normal liver functions and absence of choledocholithiasis on abdominal ultrasound), had a history of acute biliary pancreatitis for which they underwent an endoscopic retrograde cholangiopancreaticography (ERCP) with endoscopic sphincterotomy and subsequent laparoscopic cholecystectomy. In the UMCG vasculitis database (n=108), 2 patients with vasculitis developed TIAP, which resulted in a 1.9% cumulative incidence of TIAP (table

2

). Both patients lacked a history of alcohol abuses, cholecystectomy or endoscopic sphincterotomy.

In the IBD group TIAP was equally often observed in CD-patients and UC-patients (2.6% and 3.7%, p=0.79). This was not statistically significantly higher in comparison with the cumulative incidence in the vasculitis group (2.9% vs. 1.9%, p = 0.735).

Table 1 :

 1 Patient characteristics VUMC, SAH and UMCG

	. PSC in

Table 2 :

 2 Patient characteristics: the cases of TIAP

		Sex	Age	IBD or	BMI	Dose	Duration	Smoking	Co-	Maximal
			(y)	AIV	M 2 /kg	mg/kg	AZA use		medication	Amylase
	1	F	35	CD	24.2	1.22	30d	+	2	426
	2	F	57	CD	26.8	1.2 (MP)	28d	+	1, 2	489
	3	F	23	UC	26.7	1.26	6d	-	1,3	200
	4	F	53	CD	22.7	0.83	25d	+	3	493
	5	F	26	UC	24.5	2.0	25d	-	1,2,3	1234
	6	F	32	CD	21.8	2.0	21d	+	1	1014
	7	F	42	UC	21.8	1.0	5d	-	2,3	445
	8	F	30	CD	19.8	2.0	27d	+	2,3	3208
	9	F	18	UC	21.8	2.0	25d	-	1	290
	10	M	65	NCGN,	24.9	0.63	240	-	1	4396
				MPO+			d			
	11	M	60	WGD	22.5	1.37	365			
				PR3+						
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