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Introduction

Azathioprine (AZA), mercaptopurine (MP) and tioguanine make up the group of drugs known as thiopurines. In the treatment of inflammatory bowel disease (IBD), AZA and MP are first line immunomodulatory agents, used to induce and maintain clinical remission, heal fistulae and minimise our patients' exposure to steroid treatment (1;2). Whilst generally safe and well-tolerated, the development of malignancy as a late complication of thiopurine-use in IBD is of concern for both physicians and patients. As thiopurines are used earlier, more frequently and more aggressively, with a new emphasis on disease rather than symptom control (3;4), it is likely that we will see the emergence of more serious adverse events such as malignancy, as the risks, as well as the benefits, of such a strategy will be higher.

The literature on malignancy in patients treated with thiopurines relies heavily on case series and retrospective studies, making judgements about the magnitude and specific nature of the risks difficult to ascertain. It is however, widely accepted that immunosuppression is a risk factor for the development of tumours and there is a substantial body of evidence that thiopurines specifically contribute to carcinogenesis. AZA is classified as a carcinogen by the International Agency for Research on Cancer (IARC)(5)

In this review we present an overview of the literature on the risk of malignancy associated with thiopurine treatment, including a brief overview of how immunosuppression and specifically thiopurines might cause cancer and the clinical literature to establish what occurs in practice. We place specific emphasis on studies conducted on IBD cohorts. We then draw from this data some practical advice, for physicians and patients, about the risks and benefits of thiopurine treatment and how any risk of malignancy might be minimised.

A Pubmed search was performed from 1966 to Jan 2010. Search terms included "malignancy" "cancer" "azathioprine" "mercaptopurine" "thioguanine" "thiopurine" and "inflammatory bowel disease" "crohn's disease" "ulcerative colitis". We also searched for specific cancers (lymphoma, colorectal cancer, skin cancer, cervical cancer). Relevant articles were reviewed, as were their reference lists to identify further articles.

The immune system and carcinogenesis

It is almost 100 years since it was originally proposed that the immune system had a role in identifying and eradicating cells with malignant potential and 50 years since the first experimental evidence to support this theory emerged [START_REF] Kim | Cancer immunoediting from immune surveillance to immune escape[END_REF]. Although the initial models have been shown to be simplistic, (with the immune system also promoting tumour development in some contexts(7;8)), immune suppression is associated with an increased risk of cancer.

Many cancers develop on a background of chronic infection (e.g. human papillomavirus 16 & 18 and cervical cancer; Epstein Barr Virus (EBV) and lymphoma, Hepatitis B & C and hepatocellular carcinoma etc.) In HIV and post-transplant cohorts, immune suppression is associated with a huge excess of cancer cases of infectious aetiology(9;10) and the degree of immune suppression is strongly associated to risk and prognosis of overall malignancy in both contexts (11;12). A proportion of the risk of malignancy attributable to thiopurine treatment will therefore be common to all immunosuppressive treatments and unavoidable in the current treatment of IBD. In addition to the effect of immune suppression, however, there are specific characteristics of thiopurines which may promote carcinogenesis. Thiopurines work by incorporation of "rogue" thiopurine nucleotides into DNA, but this subtly disrupts DNA structure [START_REF] Ling | Consequences of 6-thioguanine incorporation into DNA on polymerase, ligase, and endonuclease reactions[END_REF], interferes with DNA replication and repair [START_REF] Ling | Consequences of 6-thioguanine incorporation into DNA on polymerase, ligase, and endonuclease reactions[END_REF][START_REF] Krynetskaia | Thioguanine substitution alters DNA cleavage mediated by topoisomerase II[END_REF][START_REF] Krynetskaia | Human RNase H-mediated RNA cleavage from DNA-RNA duplexes is inhibited by 6-deoxythioguanosine incorporation into DNA[END_REF], creates unstable base pairs [START_REF] Somerville | Structure and dynamics of thioguanine-modified duplex DNA[END_REF] and codes ambiguously, promoting mutagenesis [START_REF] Somerville | Structure and dynamics of thioguanine-modified duplex DNA[END_REF].

Thiopurines also directly promote DNA damage by rendering it highly sensitive to radiation, particularly ultra-violet A (UVA) radiation, which accounts for 95% of UV radiation from sunlight. When thioguanine nucleotides are incorporated into DNA, the action of radiation creates reactive oxygen species which attack both the DNA, and its surrounding proteins, promoting mutagenesis [START_REF] Kaplan | Interaction of the oxygen effect and radiosensitization produced by base analogues incorporated into deoxyribonuclease acid[END_REF][START_REF] O'donovan | Azathioprine and UVA light generate mutagenic oxidative DNA damage[END_REF][START_REF] Karran | DNA damage, DNA repair and therapy-related cancer[END_REF][START_REF] Kaplan | Radiosensitization of E. coli by purine and pyrimidine analogues incorporated in deoxyribonucleic acid[END_REF][START_REF] Yuan | Mutagenic and cytotoxic properties of 6-thioguanine, S6methylthioguanine, and guanine-S6-sulfonic acid[END_REF][START_REF] Brem | Reactive oxygen species generated by thiopurine/UVA cause irreparable transcription-blocking DNA lesions[END_REF]. This is thought to account for the significant excess of non-melanoma skin cancer seen in those taking long-term thiopurines and the excess of brain tumours seen when leukaemia treatment with MP was combined with cranial radiotherapy [START_REF] Relling | High incidence of secondary brain tumours after radiotherapy and antimetabolites[END_REF].

Recent work has demonstrated in vivo that individuals with IBD treated with thiopurines have higher rates of somatic mutations in circulating white cells than thiopurine naïve patients [START_REF] Nguyen | Mutagenicity and potential carcinogenicity of thiopurine treatment in patients with inflammatory bowel disease[END_REF]. The rate of mutation was proportional to both the dose and duration of treatment and the pattern of mutations formed a specific thiopurine signature [START_REF] Nguyen | Mutagenicity and potential carcinogenicity of thiopurine treatment in patients with inflammatory bowel disease[END_REF]. Clinical data has linked the risk of malignancy during thiopurine treatment to total dose of azathioprine received (25;26), thiopurine metabolite levels and TPMT mutations [START_REF] Lennard | Skin cancer in renal transplant recipients is associated with increased concentrations of 6-thioguanine nucleotide in red blood cells[END_REF][START_REF] Thomsen | Possible carcinogenic effect of 6mercaptopurine on bone marrow stem cells: relation to thiopurine metabolism[END_REF][START_REF] Relling | Etoposide and antimetabolite pharmacology in patients who develop secondary acute myeloid leukemia[END_REF][START_REF] Schmiegelow | Methotrexate/6mercaptopurine maintenance therapy influences the risk of a second malignant neoplasm after childhood acute lymphoblastic leukemia -results from the NOPHO ALL-92 study[END_REF]. Comparing different post-transplant immunosuppression regimes has also implicated thiopurines [START_REF] Ulrich | Azathioprine, UV light, and skin cancer in organ transplant patients--do we have an answer?[END_REF][START_REF] Offman | Defective DNA mismatch repair in acute myeloid leukemia/myelodysplastic syndrome after organ transplantation[END_REF][START_REF] Kleinclauss | Prostate cancer in renal transplant recipients[END_REF][START_REF] David | Mycophenolate mofetil vs. azathioprine is associated with decreased acute rejection, late acute rejection, and risk for cardiovascular death in renal transplant recipients with pre-transplant diabetes[END_REF][START_REF] Cherikh | Association of the type of induction immunosuppression with posttransplant lymphoproliferative disorder, graft survival, and patient survival after primary kidney transplantation[END_REF][START_REF] Caillard | Post-transplant lymphoproliferative disorders occurring after renal transplantation in adults: report of 230 cases from the French Registry[END_REF], although this finding has not been universal [START_REF]Mycophenolate mofetil in cadaveric renal transplantation. US Renal Transplant Mycophenolate Mofetil Study Group[END_REF]. Specific cytogenetic [START_REF] Arnold | Azathioprine-associated acute myeloid leukaemia with trilineage dysplasia and complex karyotype: a case report and review of the literature[END_REF] and are characteristic of azathioprine-associated skin cancers [START_REF] Harwood | PTCH mutations in basal cell carcinomas from azathioprine-treated organ transplant recipients[END_REF]. All these findings suggest that thiopurines are specifically involved in carcinogenesis.

Risk of malignancy with other agents

As might be presumed from the paragraphs above, thiopurines are not the only drug for IBD that are implicated in carcinogenesis.

Although several large IBD series have failed to demonstrate a link between tumour necrosis factor (TNF)-α blockers and an increased risk of malignancy [START_REF] Lichtenstein | Serious infections and mortality in association with therapies for Crohn's disease: TREAT registry[END_REF][START_REF] Caspersen | Infliximab for inflammatory bowel disease in Denmark 1999-2005: clinical outcome and follow-up evaluation of malignancy and mortality[END_REF][START_REF] Fidder | Long-term safety of infliximab for the treatment of inflammatory bowel disease: a single-centre cohort study[END_REF][START_REF] Biancone | Infliximab and newly diagnosed neoplasia in Crohn's disease: a multicentre matched pair study[END_REF], a meta-analysis of the rheumatology literature produced an estimated three-fold increase in malignancy, an effect which appeared to be dose-related [START_REF] Bongartz | Anti-TNF antibody therapy in rheumatoid arthritis and the risk of serious infections and malignancies: systematic review and meta-analysis of rare harmful effects in randomized controlled trials[END_REF]. A retrospective cohort of 7957 patients treated for ocular inflammation also found a significant increase in cancer-related mortality in those on TNFα-blockers but not for any other immunosuppressant including azathioprine [START_REF] Kempen | Overall and cancer related mortality among patients with ocular inflammation treated with immunosuppressive drugs: retrospective cohort study[END_REF]. In the IBD literature, concerns have been raised about a possible association between TNF-α blockers and an increased risk of lung cancer, including one report of a patient who developed a lung tumour which expressed TNF-α and regressed spontaneously on cessation of treatment [START_REF] Lees | Resolution of non-small-cell lung cancer after withdrawal of anti-TNF therapy[END_REF]. Similar concerns were raised by a trial of TNF-α blockade in the treatment of chronic obstructive pulmonary disease [START_REF] Rennard | The safety and efficacy of infliximab in moderate to severe chronic obstructive pulmonary disease[END_REF]. This has lead to caution being suggested in the prescription of TNF-α blockers in older smokers [START_REF] Lees | The safety profile of anti-tumour necrosis factor therapy in inflammatory bowel disease in clinical practice: analysis of 620 patient-years follow-up[END_REF].

Reports of cases of both lymphoma and leukaemia potentially associated with TNF-α blocker treatment are far in excess of what would be expected if there were no link between the two(49;50). In particular, reports of lymphoma occur nearly seven times more frequently than predicted [START_REF] Hansen | Serious adverse events with infliximab: analysis of spontaneously reported adverse events[END_REF].

A meta-analysis of the literature estimated that in clinical trials of TNF-α blockers lymphoma occurred at approximately 3 times the rate in the general population (OR3.23, 95%CI 1.5-6.9) and 1.7 times the risk of an IBD patient on immunomodulatory treatment (95%CI 0.5-7.1) [START_REF] Siegel | Risk of Lymphoma Associated with Combination Anti-TNF and Immunomodulator Therapy for the Treatment of Crohn's Disease: A Meta-Analysis[END_REF].

Methotrexate has less evidence of carcinogenic potential than either biologics or thiopurines. Concerns were raised by an apparent excess of lymphoma cases in those treated with methotrexate for rheumatoid arthritis (RA), particularly as several cases were reported to be EBVpositive and some regressed spontaneously when the methotrexate was withdrawn [START_REF] Georgescu | Lymphoma in patients with rheumatoid arthritis: association with the disease state or methotrexate treatment[END_REF]. However, the population as a whole does not seem to experience an excess of either lymphoma [START_REF] Georgescu | Lymphoma in patients with rheumatoid arthritis: association with the disease state or methotrexate treatment[END_REF] or other malignancy [START_REF] Kanik | Does methotrexate increase the risk of infection or malignancy?[END_REF] and one reviewer estimated that only one in 3500 RA patients treated with methotrexate would develop lymphoma [START_REF] Kremer | Is methotrexate oncogenic in patients with rheumatoid arthritis?[END_REF]. There is less evidence in the IBD population but early suggestions are that single agent methotrexate therapy does not increase the risk of malignancy in this context [START_REF] Fraser | Methotrexate: first-line or second-line immunomodulator?[END_REF][START_REF] Domenech | Long-term methotrexate for Crohn's disease: safety and efficacy in clinical practice[END_REF][START_REF] Juillerat | Drug safety in Crohn's disease therapy[END_REF].

Thiopurine-related malignancy in IBD cohorts There has been recent concern about hepatosplenic T-cell lymphoma (HSTCL) developing in IBD patients co-treated with infliximab and thiopurines [START_REF] Mackey | Hepatosplenic T cell lymphoma associated with infliximab use in young patients treated for inflammatory bowel disease[END_REF][START_REF] Zeidan | Hepatosplenic T-cell lymphoma in a patient with Crohn's disease who received infliximab therapy[END_REF][START_REF] Thayu | Hepatosplenic T-cell lymphoma in an adolescent patient after immunomodulator and biologic therapy for Crohn disease[END_REF][START_REF] Rosh | Hepatosplenic T-cell lymphoma in adolescents and young adults with Crohn's disease: a cautionary tale?[END_REF]. To date, there are 24 reports of HSTCL in patients receiving TNF-α blocking treatment for IBD [START_REF] Mackey | Hepatosplenic T cell lymphoma associated with infliximab use in young patients treated for inflammatory bowel disease: update[END_REF][START_REF] Shale | Hepatosplenic T cell lymphoma in inflammatory bowel disease[END_REF][START_REF] Kotlyar | Hepatosplenic T-cell lymphoma (HSTCL) in inflammatory bowel diseae (IBD): a rare complication after long-term thiopurine exposure; case reort and systematic review of the literature[END_REF]. This aggressive lymphoma has a very high mortality rate and seems to affect predominantly young patients. It has been previously reported in the context of solid organ transplantation as the consequence of a variety of immunosuppression regimens [START_REF] Khan | Hepatosplenic gamma/delta T-cell lymphoma in immunocompromised patients. Report of two cases and review of literature[END_REF] and may be related to viral infection [START_REF] Khan | Hepatosplenic gamma/delta T-cell lymphoma in immunocompromised patients. Report of two cases and review of literature[END_REF].

There is ongoing debate about the wisdom of coprescribing infliximab and thiopurines, (a strategy thought to optimise treatment outcomes) but which drug is primarily responsible, or whether HSTCL is specifically related to co-prescription is not clear. The fact that the problem seems to be specific to IBD does implicate coprescription [START_REF] Shale | Hepatosplenic T cell lymphoma in inflammatory bowel disease[END_REF]. It is worth noting however, that there have been several case reports of HSTCL in infliximab-naïve IBD patients on AZA [START_REF] Navarro | Hepatosplenic T-gammadelta lymphoma in a patient with Crohn's disease treated with azathioprine[END_REF][START_REF] Mittal | A case of hepatosplenic gamma-delta Tcell lymphoma with a transient response to fludarabine and alemtuzumab[END_REF][START_REF] Lemann | Intravenous cyclosporine for refractory attacks of crohn's disease: long-term follow-up of patients[END_REF][START_REF] Moran | Crohn's disease, hepatosplenic T-cell lymphoma and no biological therapy: Are we barking up the wrong tree?[END_REF] and others where the infliximab seems distantly related to the development of HSTCL [START_REF] Kotlyar | Hepatosplenic T-cell lymphoma (HSTCL) in inflammatory bowel diseae (IBD): a rare complication after long-term thiopurine exposure; case reort and systematic review of the literature[END_REF]. Reassuringly, the epidemic predicted when the first series of HSTCL case-reports were published has not occurred, despite increasing use of biologics in crohn's disease, and a recent metaanalysis found that rates in co-treated individuals were equivalent to that in those taking immunomodulation alone [START_REF] Siegel | Risk of lymphoma associated with combination anti-tumor necrosis factor and immunomodulator therapy for the treatment of Crohn's disease: a meta-analysis[END_REF]. However this area remains one of particular concern.

Further evidence which would support a causal role for thiopurines includes an association between aggressive thiopurine treatment (indicated by leucopaenia) and haematological malignancy [START_REF] Disanti | Incidence of neoplasms in patients who develop sustained leukopenia during or after treatment with 6mercaptopurine for inflammatory bowel disease[END_REF] To date there is a paucity of data on the incidence of other tumour types in IBD patients treated with thiopurines.

Balancing risks vs. benefits

Those studies which attempt to weigh the benefits of thiopurine use in IBD against the risk of malignancy all conclude that thiopurines remain a good treatment option for IBD(75;100;120). One study adopts a QALYbased mathematical model to predict how much an immunosuppressant would have to increase the chance of developing lymphoma before it would be considered to be causing net harm(120). The cut off was calculated at 10 times the general population risk (or 5 times the risk in the IBD population). Whilst still coming down in favour of thiopurine 

Treatment timing and duration:

The current move towards a "top-down" approach in the treatment of IBD is likely to lead to greater thiopurine exposure. Concerns about treatment risks need to be balanced against the improved outcomes seen when patients are started on immunosuppression early in their disease course(131;132).

The decision to stop thiopurines can be difficult. Hopes that a four year course of treatment would be adequate to achieve lasting remission(133)

have proved unfounded(1), long-term maintenance of remission seems to require long-term treatment(134). Whether stopping thiopurine treatment actually decreases a patient's cancer risk also remains unknown(75). However, the CESAME study strongly suggests that for of regular infliximab has no impact on subsequent treatment outcome [START_REF] Mackey | Hepatosplenic T cell lymphoma associated with infliximab use in young patients treated for inflammatory bowel disease[END_REF]. However, many reported HSTCL cases occurred early in the infliximab treatment protocol, and would not have been avoided by such a strategy [START_REF] Rosh | Hepatosplenic T-cell lymphoma in adolescents and young adults with Crohn's disease: a cautionary tale?[END_REF] and there is concern that longer follow-up of these patients may show a benefit of co-prescription, particularly as withdrawal of concomitant immunosupression has been associated with reduced infliximab trough levels and a rise in C-reactive protein levels(135).

Agent Selection:

In future we may be able to avoid exposing patients with either a poor chance of response or high risk of toxicity to thiopurines, by the application of pharmacogenomics(136-138). TGN monitoring is perhaps even more important. Of course in most patients, an adverse pharmacogenetic profile for thiopurines would simply lead to prescription of methotrexate or biologic treatment, both associated with their own cancer risk. Other immunosuppressive agents such as sirolimus and mycophenolate appear to be less carcinogenic [START_REF] Buell | Malignancy after transplantation[END_REF] but as yet have little evidence of benefit in IBD and are not suitable first line agents.

Screening/Surveillance:

Since a proportion of malignancies associated with immunosuppressants are also associated with viral infections, it makes sense to screen for these before treatment is initiated. 

Patient advice:

We must be honest with our patients about the increased risk of cancer with thiopurine exposure, but this advice needs to be placed strongly in the context of the low absolute risks of malignancy and the potential for significant benefit in terms of disease control. There is now a significant literature addressing how patients weigh the benefits and risks of treatment options, some of which is specific to IBD(146;147). To enable our patients to make a truly informed choice it may be beneficial to develop specific decision-making tools(148). The avoidance of other carcinogens should be encouraged, such as smoking cessation(143), avoidance of UV light and use of sun-protection.

The additional chemopreventive benefit of 5-ASA (at doses ≥ 1.2g per day(103)), should be explained.

What to do if a patient develops cancer on treatment:

If a cancer develops, thiopurines should be stopped. There are case reports of immune-reconstitution effectively eradicating malignancy in the absence of other therapy(77;149;150). This is particularly important where the malignancy is related to an infectious agent(143).

Discontinuing thiopurines may have serious consequences on IBD control, and non-immunosuppressive treatments (aminosalicylates, nutrition, antibiotics, surgery etc.) must be optimised. However loss of disease control may be unavoidable, indeed transplant recommendations propose ceasing immunosuppression even if this results in graft rejection.(124)

Conclusion

In conclusion, AZA and MP treatment in IBD are associated with an increased risk of malignancy, attributable to both immunosuppression and specific properties of thiopurine drugs. The risk appears to be most significant for lymphoma, but the absolute risk remains low and risk:benefit analysis supports the continued use of these agents for IBD.

We present practical advice for medical practitioners prescribing thiopurines to help minimise their patients' risk of developing malignancy whilst optimising the benefits that these drugs can provide. 
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  How might thiopurines cause cancer?

  least, risk returns to baseline after cessation of thiopurine treatment(68). Limiting immunosuppression prescribed alongside infliximab to reduce lymphoma risk has been the subject of much recent debate. Van Assche et al. demonstrated that stopping thiopurine co-treatment after 6 months

table 1 .

 1 If we therefore accept that, despite the risk of malignancy, thiopurines remain one of our best treatment options for IBD, what can we do to minimise the risk of cancer? The advice outlined below is summarised in

	prescription, this is not that far from the relative risk shown in some
	clinical series. Of course, such calculations are based on a number of
	estimates and assumptions and one must also consider what alternative
	treatment might be offered if thiopurine use were reduced.
	Practical advice to doctors and patients

Extensive research is currently being directed at identifying predictors of severe and complicated IBD(121;122) which should assist us in identifying those patients with the most to gain from aggressive treatment. Meanwhile there are several groups in whom the risks of treatment are higher. Older patients have been shown to have a considerable excess risk of cancer on immunosuppression. In the renal transplant literature a 6% increment in risk has been estimated for every year increase in age(123). Those on multiple agents are also likely to accumulate risk(75;124). Patients with a previous malignancy are a logical group in which we should be cautious. adjustments to keep them within a therapeutic range(128;129). In this regard, TGN monitoring assists not just in achievement of therapeutic dosing but also detects over-treatment, allowing safe dose-reduction which could reduce the occurrence of malignancies. In patients who are failing to achieve the desired response, (despite adequate TGNs), prescribers should have a low threshold for changing agents or switching to low dose AZA with allopurinol co-therapy(130).

Table 1 :

 1 Guidance to prescribersThe following guidance is all based on expert opinion. To date there is no evidence in the literature that any of these interventions will reduce the occurrence of cancer in patients on thiopurines. Until such evidence exists however, this constitutes pragmatic advice for those concerned with minimising the risk to their patients on thiopurines.

	Issue		Guidance
	Patient selection		Ensure clear indication and treatment goal
			Caution in elderly, previous malignancy, multiple
			agents
	Pre-treatment	TPMT testing (and dose accordingly) o HBV/HPV serology -consider vaccination r Patient information on:
			P • relative risk
			• sun avoidance/protection e • adherence to population screening e r • adherence to IBD CRC surveillance
	During treatment	• chemoprevention (5-ASA, ?folic acid) R • smoking cessation e Monitor and dose-adjust (from 4 weeks) to v i therapeutic levels, (200-400pmol/8x10 8 RBC). Avoid e repeatedly high TGN levels. w Set timely review of efficacy with a view to changing
			agent if necessary (5-6/12)
	Treatment		Consider stopping thiopurine co-prescription with
	cessation		infliximab at 6-12 months.
			Stop thiopurine if a cancer develops.
			Consider treatment cessation in long term remission
			(>4yrs)
			18

Table 2 :

 2 Risk of lymphoma in patients with IBD treated with thiopurine agents. The design of many of these studies did not allow calculation of OR. Thiopurines promote malignancy both directly by DNA disruption and by immunosuppression • In IBD, thiopurines increase lymphoma risk 4-fold, although the absolute risk remains low • In IBD, thiopurines do not appear to increase the risk of cervical or colorectal cancer • For other cancers there is a theoretical but unproven increased risk in the context of IBD • Careful thiopurine prescription and monitoring, with appropriate patient advice, may reduce risk Soule JC, Le TA. Reversible lymphoma in the setting of azathioprine therapy for Crohn's disease. N Engl J Med 1994;331(13):883-4. (78) Kumar S, Fend F, Quintanilla-Martinez L et al. Epstein-Barr virus-positive primary gastrointestinal Hodgkin's disease: association with inflammatory bowel disease and immunosuppression. Am J Surg Pathol 2000;24(1):66-73. (79) Li S, Borowitz MJ. Primary Epstein-Barr virus-associated Hodgkin disease of the ileum complicating Crohn disease. Arch Pathol Lab Med 2001;125(3):424-7. Lashner BA, Provencher KS, Seidner DL et al. The effect of folic acid supplementation on the risk for cancer or dysplasia in ulcerative colitis. Gastroenterology 1997;112(1):29-32. (107) Hutfless S, Fireman B, Kane S et al. Screening differences and risk of cervical cancer in inflammatory bowel disease. Aliment Pharmacol Ther 2008;28(5):598-605. (108) Kane S, Khatibi B, Reddy D. Higher incidence of abnormal Pap smears in women with inflammatory bowel disease. Am J Gastroenterol 2008;103(3):631-6. (109) Bhatia J, Bratcher J, Korelitz B et al. Abnormalities of uterine cervix in women with inflammatory bowel disease. World J Gastroenterol 2006;12(38):6167-71. (110) Lees C, Critchley J, Chee N et al. Cervical dysplasia and IBD: no effect of disease status or immnosuppressants on analysis of 2199 smear records. Gastroenterology 2008;134(4):A143. (111) Lyles T, Oster R, Gutierrez A. Prevalence of abnormal PAP smears in patients with IBD om immune modulator therapy. Gastroenterology 2008;134(4):A143. (112) Singh H, Demers AA, Nugent Z et al. Risk of cervical abnormalities in women with inflammatory bowel disease: a population-based nested case-control study. Gastroenterology 2009;136(2):451-8. Haens G, Baert F, Van Assche G et al. Early combined immunosuppression or conventional management in patients with newly diagnosed Crohn's disease: an open randomised trial. Lancet 2008;371(9613):660-7.

	Study	Context	number		of	number	of	increased	OR /	95%CI	p-value
			patients			lymphoma cases	risk?	SIR /
										HR
	Connell	tertiary	755	all	on	zero			no	
	1994 (69)	centre	thiopurine						
		database								
	Loftus	tertiary	454 + search of	1+			no	
	2000 (59)	centre retro-	referrals totalling					
		spective	15000			46				
	Farrell	tertiary	782 pts			4 cases all on	yes	31.2	2-85	p<0.0001
	2000 (67)	centre				immunomodulato			for	all
		database	238		on	r					immunomo
			immunomodulato						dulators
			rs			inc.	2	on		
						thiopurine			
	Bernstein	population	6027 pts 60000	9	in	whole	no	
	2001 (63)	database	controls			cohort, none on		
						thiopurine			
			thiopurine status					
			unknown						
	Lewis 2001	population	16996 pts 60506	18 cases in IBD	no	1.27	0.03-8.2
	(60)	database	controls 1465 on	patients			
			thiopurine						
						inc.	1	on		
						thiopurine			
	Dayharsh	tertiary	17654		pts	18	lymphoma	yes	2 fold
	2002 (72)	centre series	thiopurine status	cases				increas
			unknown						e
	Fraser	tertiary	2204 pts		8 including		no	
	2002 (71)	centre retro-								
		spective	626 on thiopurine	3 on thiopurine		
	Warman	tertiary	410	all	on	3 cases		no	
	2003 (70)	centre	thiopurine						
		database								
	Beaugerie	nationwide	19486 pts		23 cases		yes	5.28	2.01-13.9 p=0.0007
	2009 (73)	prospective								
		cohort	5867		on	inc.	15	on		
			thiopurine		thiopurine			
	Armstrong	population	15471 patients		15 cases		yes	3.22	1.01-
	2010 (74)	database									10.18

(80) Calaminici MR, Sheaff MT, Norton AJ et al. Ileocaecal Epstein-Barr viruspositive lymphoproliferative disorder complicating Crohn's disease. Histopathology 1999;35(4):388-90.
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