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1.Study Synopsis 
 

Title of Research Study  
 
 

PREDICTING SERIOUS ADVERSE DRUG 
REACTIONS IN GASTROENTEROLOGY 

Protocol Short Title/Acronym  PRED4 

Study Phase if not mentioned in 
title 

 Not applicable 

Sponsor name 

 
 

Royal Devon and Exeter NHS Foundation Trust, 
Barrack Road, Exeter, EX2 5DW 

Chief Investigator  Dr Tariq Ahmad 

   

REC number  11/SW/0222 

Medical condition or disease under 
investigation 

 
Patients who have suffered serious, but rare, side 
effects due to commonly used drugs. 

Purpose of clinical trial 

 
 

To investigate the genetic contribution to serious 
adverse drug reactions. 

Primary objective 

 

 To identify clinically useful genetic markers that 
predict serious drug side effects, so that these drugs 
can be avoided, or monitoring intensified, in 
genetically high risk patients. A simple, cheap, 
diagnostic test will be developed using these data 
which can be rapidly adopted into medium and large 
sized hospitals 

Secondary objective(s) 

 

 (a) to understand the mechanisms underlying drug 
side effects 
(b) through a knowledge of the mechanisms, to learn 
about particular functional chemical groups which 
predispose to toxicity, and thereby facilitate more 
rational drug design. 
(c) to develop a network of interested UK clinicians 
for further pharmacogenetic research projects. 

Study Design   Case-control association study 

Sample Size   Total 3000.  

Summary of eligibility criteria  All major criteria listed must be met 

Demyelination complicating anti-
TNF therapy in Inflammatory 
bowel disease and other 
inflammatory disorders. 

  History of exposure to anti TNF-α antibody at any 
time in the past. 

 No history of demyelinating neurological 
symptoms prior to exposure to anti TNF-α 
antibody. 

 Neurological symptoms lasting at least 24 hours. 

 MRI brain and/or spinal cord shows changes 
consistent with CNS demyelination or 
electrophysiological studies (nerve conduction or 
evoked potentials) are consistent with PNS or 
CNS demyelination and confirmed by a 
neurologist.  
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 Neurological opinion implicates anti TNF-α 
medication as possible cause of demyelination, 
and if the patient is still receiving the drug, it is 
withdrawn. 
 

Proton Pump inhibitor induced 
interstitial nephritis. 

  ≥ 30% rise in serum creatinine or ≥ 25% fall in 
eGFR any time after introduction of PPI 

 No other risk factors for renal disease  

 Medical opinion implicating PPI justifies drug 
withdrawal, even if temporary 

 

Thiopurine induced pancreatitis 
in Inflammatory bowel disease. 

  History of ulcerative colitis or Crohn’s disease. 

 Episode of acute severe abdominal pain 

 History of thiopurine exposure within the  
previous 7 days of pancreatitis occurring  

 Rise in serum pancreatic enzymes 
(amylase/lipase) ≥2 times upper limit of normal. 

 Episode of acute pancreatitis within 3 months of 
starting thiopurine. 

 Medical opinion implicates thiopurine as the 
mostly likely cause of pancreatitis, and drug 
withdrawn. 

Thiopurine induced 
myelosuppression in 
Inflammatory bowel disease. 

  History of ulcerative colitis or Crohn’s disease. 

 History of thiopurine exposure within the  
previous 7 days of Leucopaenia occurring  

 Normal total white cell count and/or neutrophil 
count at baseline. 

 Fall in total white cell count to ≤ 2.5x109/L, or 
reduction in neutrophil count to ≤ 1.0x109/L or 
less 

 Medical opinion implicating thiopurine leads to 
dose reduction or drug withdrawal even if 
temporary 

Sulfasalazine Induced 
Neutropaenia in inflammatory 
bowel disease or Rheumatoid 
arthritis  

 

  History of inflammatory bowel disease, 
Rheumatoid arthritis or Seronegative 
Spondyloarthropathy 

 History of sulfasalazine exposure in the previous 
30 days 

 Normal total white cell count and neutrophil count 
at baseline 

 Fall in neutrophil count to ≤0.5 x109/L 

 Medical opinion implicating sulfasalazine leads to 
dose reduction or drug withdrawal (even if 
temporary)  
 

Thiopurine induced Liver Injury 
in inflammatory bowel disease  

 

  History of inflammatory bowel disease 

 Normal ALT and bilirubin at baseline 

  No pre-existing liver disease 

 Elevation of ALT and/or bilirubin to >= 4 times 
upper limit of normal (defined by local lab) 

 History of thiopurine exposure in the previous 30 
days prior to this abnormal blood test 

 Medical opinion implicating thiopurine in 
development of hepatotoxicity leads to dose 
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reduction or drug withdrawal (even if temporary)  
 

Thiopurine Hypersensitivity 
Reaction in inflammatory bowel 
disease 

 Inclusion criteria  

 Aged 6 years or over  

 History of Inflammatory Bowel Disease 

 History of thiopurine exposure in the previous 7 
days before the onset of adverse event.  

 Flu like symptoms  severe enough to lead to drug 
withdrawal even if temporary (symptoms should 
include fever, muscle ache, joint pain)   

 Onset of symptoms within 4 weeks of starting 
thiopurine.  

 Symptoms resolved within 14 days of drug 
withdrawal.  

Exclusion criteria  

 Patient tolerated re-challenge with the same 
thiopurine regardless of dose.   

 Drug withdrawn due to nausea and/or diarrhoea 
without any other symptoms,  

 Objective evidence of Infection.   

Immunogenicity to biologic 
drugs in Inflammatory Bowel 
Disease (IMGEN) 

 

 Inclusion criteria  

 Patient currently aged ≥ 6 years 

 History of ulcerative colitis (UC) or Crohn’s 
disease (CD) 

 Biologic drug and antibody concentrations 
previously measured in Exeter, or patient 
prepared to give sample for this purpose. 

 At time of drug and antibody measurement: 
i) Biologic treatment duration >24 months or 
ii) Treatment duration ≤ 24 months with episode 

of loss of response requiring escalation 
of immunomodulatory, steroid or 
biologic therapy, or withdrawal of 
current biologic therapy. 

 Drug and antibody level taken at one of the 
following time points:  
i) For patients still on drug: within 72 hours 

prior to the next dose of drug (trough 
level) 

ii) For patients who have stopped drug: no 
sooner than 72 hours before and no later 
than one month after their next dose 
would have been due and before starting 
next biologic 

 Patient has not participated in PANTS study. 

 Patient is able to provide informed consent.   

Anti-TNF induced adverse skin 
reactions in IBD (ANTS) 

 Inclusion criteria 

 Patient currently aged ≥ 6 years 

 History of ulcerative colitis (UC) or Crohn’s 
disease (CD) 

 Current or past history of anti-TNF therapy. 

 No past history of eczema or psoriasis prior 
to starting anti-TNF therapy. 

 Development of specified skin lesion whilst 
receiving anti-TNF therapy or within 8 weeks 
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of drug withdrawal. 

 Patient is able to provide informed consent. 
 

Version and date of final protocol  Version 7.1  final dated 13th February 2018 

Version and date of protocol 
amendments  

 Amendment No 1 dated 20th September 2011 
(Children info sheets) 
Amendment No 2 dated 24th November 2011(PPI) 
Amendment No 3 dated 9th January 2012 
(Scottish Sites)  
Amendment No 4 dated 4th  November 2013  
Amendment No 5 dated 11th November 2014 
Amendment No 6 dated 8th September 2015 
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3.Background & Rationale 

 
In the European Union adverse drug reactions are increasing at twice the rate of prescriptions. The 
European Commission estimated in 2008 that adverse reactions kill 197 000 EU citizens annually, at a 
cost of €79 billion. In the UK 6.5% of all hospital admissions are caused by adverse drug reactions. 
 
Adverse drug reactions are often classified into two groups. Type A reactions are predictable from the 
known mode of action of the drug and can be alleviated by either dose reduction or drug withdrawal. 
Examples of adverse drug reactions in this group include hypoglycemia induced by diabetic drugs, 
leucopaenia induced by thiopurines, and bleeding induced by warfarin. Type B reactions cannot be 
explained by the mode of action of the drug and usually require drug withdrawal. Examples in this 
group include Thiopurine induced pancreatitis, Flucloxacillin induced jaundice, and Abacavir 
hypersensitivity. 
 
The factors predisposing individuals to adverse reactions are in most cases unknown.  Recent studies 
have demonstrated that modern genetic technology can be successfully employed to identify genetic 
factors that determine adverse drug reactions, promising a safe individualized therapeutic strategy for 
patients. Importantly these studies have confirmed that some rare side effects are associated with large 
effect variants which can be identified using a relatively small number of rigorously characterized cases. 
Thus the HLA class II allele HLA-B*5701 genotype has been shown to be a major determinant of 
flucloxacillin-induced cholestatic hepatitis with an odds ratio of 80 using a cohort of only 51 patients. 
This same HLA allele was earlier found to associate with Abacavir hypersensitivity, a finding that has 
translated into clinical practice to reduce the burden of this serious adverse reaction in a cost effective 
manner - in Europe HLA-B*5701 testing is now mandatory before prescribing Abacavir.  For other 
adverse drug reactions the genetic effect size will be low or moderate suggesting that phenotype 
expression requires the interaction of multiple genetic and environmental factors. These genetic factors 
may influence pharmacokinetic (for example, the drug metabolism and transporter genes responsible 
for drug disposition) or pharmacodynamic (genes coding for drug targets, immune response genes, 
cytokines etc) pathways.  The advent of unbiased genetic technologies, for example genome-wide 
screening and whole genome sequencing, permits the identification of genetic variants in all pathways, 
provided sufficient numbers of well-characterized patients with such adverse reactions can be recruited. 
This requires a collaborative, comprehensive nationwide approach, which our UK and international 
network is capable of delivering. 
 
These studies will investigate the genetics of reactions to drugs commonly used in gastroenterology 
(and other diseases). These case control association studies will involve patients with the following 
documented reactions: 
 

 Demyelination complicating anti-TNF therapy in inflammatory bowel disease (IBD) and other 
inflammatory disorders. 

 Proton Pump inhibitor (PPI) induced interstitial nephritis. 

 Thiopurine induced pancreatitis in inflammatory bowel disease. 

 Thiopurine induced myelosuppression in inflammatory bowel disease. 

 Sulfasalazine Induced Neutropaenia in inflammatory bowel disease or Rheumatoid arthritis.  

 Thiopurine induced Liver Injury in inflammatory bowel disease.  

 Thiopurine Hypersensitivity reaction in inflammatory bowel disease. 

 Immunogenicity to biologic drugs in inflammatory bowel disease. 

 Anti-TNF induced adverse skin reactions in inflammatory bowel disease. 

 
 
Participation requires a single patient visit to obtain consent, completion of a questionnaire and 
venepuncture. Control subjects have already been recruited and will comprise patients who have been 
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exposed to the drug without adverse effect. The investigation of other adverse drug reactions will 
require submission of a protocol amendment. 
 
 

4. Summary of current knowledge of serious adverse events.  
 

4.1 Demyelination complicating anti-TNF therapy in inflammatory bowel disease 
and other inflammatory disorders. 

 
New demyelination events, as well as clinical and radiological exacerbation of existing multiple 
sclerosis, have been reported in a number of patient groups following exposure to anti-TNF drugs. 
These include patients with IBD and patients with inflammatory arthropathies and skin diseases (1). In 
IBD, cases of demyelination were reported in the landmark index clinical trials with a growing number 
highlighted by subsequent case reports and series. Amongst CD patients treated worldwide with 
adalimumab in placebo-controlled trials, the incidence of demyelination/optic neuritis is reported to be 2 
events per 1000 patient-years (2). Lees et al reported the Edinburgh experience and identified 3 
patients out of 202 anti-TNF treated patients with suspected demyelinating disease and definite 
neurological abnormalities (3). In the UK, 36 cases of CNS demyelination and 1040 other neurological 
events complicating anti-TNF therapy had been reported to the Medicines and Healthcare products 
Regulatory Agency (MHRA) by November 2010.   
 

These observations suggest a possible association between anti-TNF therapy and demyelination. 
Further evidence to suggest that TNF-alpha blockade may cause, or contribute to the development of, 
demyelination is provided by the observed temporal association with drug exposure, the observed 
improvement in symptoms reported by the majority on anti-TNF withdrawal, and the reappearance, or 
exacerbation, after re-exposure. Nevertheless it is recognised that there is a small increased incidence 
of MS, demyelination and optic neuritis in patients with IBD (for CD, incidence rate ratio (IRR) 2.12, 
95% CI 0.94-4.50; for UC, IRR 2.63, 95% CI 1.29-5.15) (4) and this risk may be conferred by shared 
susceptibility genes. Convincing epidemiological data that this adverse events occurs more frequently 
in patients exposed to anti-TNF agent compared to naïve patients remains limited.   
 
There is however considerable experimental and clinical data, in particular disease deterioration on 
exposure to anti-TNF drugs, to suggest that TNF and the TNF receptor systems play a pivotal role in 
the pathogenesis of MS (5). 
 
The development of experimental autoimmune encephalitis, an established animal model for human 
MS, is inhibited by both polyclonal and monoclonal anti-TNF-α antibody preparations.  Similarly, the 
severe, progressive demyelinating disease which develops in transgenic mice selectively over-
expressing TNF-α in the CNS, can be reversed with the administration of a monoclonal anti-TNF 
antibody. Conversely, TNF-α homozygous knockout mice have been demonstrated to develop 
extensive CNS demyelination; treatment with recombinant TNF-α reduces disease severity.  There are 
two TNF-α receptors; TNFR1 and TNFR2.  Murine experiments have concluded that TNF-α signalling 
mediated via the TNFR2 pathway promotes CNS progenitor cell proliferation, which are later required 
for remyelination.  Overall, these pre-clinical studies suggest that although TNF-α accelerates the 
process of acute demyelination, its presence in the CNS is required for remyelination and repair 
processes (5). 
 

4.2 Proton Pump inhibitor induced interstitial nephritis. 

 
Proton pump inhibitors (PPIs) are used to suppress gastric acid secretion for the treatment of acid-
related gastrointestinal disorders including gastro-oesophageal reflux, dyspepsia and peptic ulcer 
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disease. This class of drug is widely used in Europe and the US where it is the second most frequently 
prescribed medication (after statins) (6). PPIs are generally safe and well-tolerated. Common adverse 
effects include: headache, nausea, diarrhoea, abdominal pain, fatigue, and dizziness. Long-term use is 
associated with hypomagnesaemia and Vitamin B12 deficiency. Infrequent adverse effects include 
rash, itch, flatulence, constipation, anxiety, and depression. Rarely PPI cause ‘idiosyncratic’ reactions 
such as erythema multiforme, pancreatitis, Stevens Johnson syndrome, and acute interstitial nephritis 
(AIN) (6–9) 
 
The first case of omeprazole-induced AIN was reported by Ruffenach et al in 1992 (10). Subsequent 
reports have implicated pantoprazole, rabeprazole, lansoprazole and esomeprazole confirming that this 
phenomenon is a class effect (8,11,12). The incidence of PPI induced interstitial nephritis is uncertain 
with all data derived from case reports and case series. Ray et al found six cases of AIN associated 
with PPIs after examining 210 kidney biopsies (in a renal centre serving a population of 1.1 million) (7). 

Between 1992 and December 2009, there were 74 cases reported in the UK through the Medicines and 
Healthcare products Regulatory Agency (MHRA) reporting scheme. A systematic review by Sierra et al 
found 64 cases of PPI-associated interstitial nephritis in the worldwide literature, with 59 of these 
confirmed by renal biopsy (6). The majority of these were due to omeprazole. The mean age of the 
patients was 78 years, and the mean duration of PPI treatment before the onset of nephritis was 13 
weeks (range between 2 weeks and 52 weeks).  
 
The mechanism of drug-induced AIN is unknown, but an immunological basis is suspected, with 
supporting evidence from in vitro lymphocyte tests (7). There are no known risk factors and no relation 
between dosage, latency, time to recovery, age or gender reported (6,13). 

 
PPI-induced interstitial nephritis generally has a good prognosis. The mainstay of treatment is 
conservative management with drug withdrawal. Most patients will have a complete recovery after 
withdrawal of the medication, though some patients may need corticosteroids (up to one third of 
patients) (6,13). Data by Gonzales et al suggested that early initiation of steroid therapy within two 
weeks of cessation of the causative agent may lead to improved renal function (14). There have been 
three reported cases that have needed dialysis, with one requiring permanent dialysis (6).  
 
A recent study comparing the experience of PPI-induced interstitial nephritis by Consultant 
Nephrologists in the UK to the cases reported to the Medicines and Healthcare products Regulatory 
Agency (MHRA) in 2009 showed that it is a widely recognised problem in clinical practice, with 
significant under reporting of the problem to the MHRA (15). 

 

4.3 Thiopurine induced pancreatitis in inflammatory bowel disease. 

 
Thiopurines (Azathioprine [AZA] and Mercaptopurine [MP]) are widely-used in inflammatory bowel 
disease with proven efficacy (16–18). Azathioprine is a pro-drug which is metabolized to 6-
mercaptopurine following oral ingestion. Mercaptopurine impedes DNA synthesis and thus inhibits the 
proliferation of cells in particular T-cells and B-cells. Current indications for treatment with thiopurines 
include maintenance of remission, corticosteroid-sparing in chronic active disease, prevention of 
postoperative recurrence, and treatment of perianal and enteric fistulae (19). In clinical practice, in 68% 
of IBD patients the initial therapeutic goal (including end-points such as mucosal healing, elimination of 
steroids, healing of internal fistulae, pain relief) is achieved (20). A long-term follow-up study found that 
after initial response, efficacy is reasonably well-sustained with remission rates of 95%, 69% and 55% 
after 1, 3 and 5 years respectively (21). 

 
Despite their widespread use, there are still concerns regarding their safety, both short- and long-term. 
They are generally well-tolerated but in about 15% of patients, the drug has to be discontinued due to 
adverse effects (22,23). Adverse drug reactions can be divided into dose-dependent (Type A) and 
dose-independent (Type B). Acute pancreatitis is an example of dose-independent whilst myelotoxicity 
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(which includes pancytopaenia, leucopaenia, thrombocytopaenia and anaemia) falls into the “dose-
dependent” category.  
 
There is agreement that acute pancreatitis occurs more frequently in patients with IBD than in the 
general population, with the incidence varying from 4.8 to 38/100,000 patients with IBD (19,23,24). It is 
more common in patients with Crohn’s disease (4-fold increase compared to the general population) 
than in ulcerative colitis (2-fold increase). Drugs, in particular thiopurines and 5-aminosalicylates, are 
the commonest cause of acute pancreatitis in patients with IBD. 
 
The incidence of pancreatitis in patients treated with a thiopurine is 1.2-5% (19,23,24). It is thought to 
be an idiosyncratic reaction and not related to TPMT genotype (19). The pathogenesis of thiopurine-
induced pancreatitis is unknown, though it has been postulated that an immune-mediated mechanism 
or hypersensitivity mechanism may be likely. There have been reports of autoantibodies against the 
pancreas being found in patients with thiopurine-induced pancreatitis with Crohn’s disease 
(approximately 30%)(23) . 

 
Thiopurine-induced pancreatitis most commonly occurs within the first month after commencement of 
therapy, and re-challenge with either AZA or MP leads to recurrence of symptoms (21,23–25). Most 
patients have symptoms of acute severe abdominal pain accompanied by nausea and vomiting, though 
clinically symptoms of acute pancreatitis can be difficult to differentiate from those caused by the 
activity of IBD, or by its complications. Most patients will have a rise in serum pancreatic enzymes 
(amylase or lipase), with an acceptable cut-off of 2-3 times the upper limit of normal. There may be 
changes seen on abdominal imaging such as CT (24). Most episodes of acute pancreatitis are mild and 
resolve after the discontinuation of the drug, although more severe cases can occur (with local and 
systemic complications of pancreatitis, including death) (26). 
 

4.4 Thiopurine induced myelosuppression in inflammatory bowel disease. 
 
A review by Gisbert and Gomollon (22), which included 66 studies, evaluated the incidence of 
thiopurine-induced (Azathioprine, Mercaptopurine) myelotoxicity in IBD patients. Using the cut-off for 
leucopaenia of 3 x 109/L, and the number of neutrophils 1.5 x 109/L, the cumulative incidence of 
AZA/MP-induced myelotoxicity was 7% (95% CI 6-8%), and the incidence rate of myelotoxicity was 3% 
(95% CI 3-4%) (22). There appears to be similar risk for both drugs, with cumulative incidence of 
myelotoxicity of 7% (95% CI 5-8%) for azathioprine and 9% (95% CI 5-12%) for mercaptopurine. 
 
Thiopurine-induced myelotoxicity occurs most frequently within the first few weeks or months of 
treatment, with the duration of treatment ranging from 12 days to 27 years. When only studies with ≤12 
months of follow-up were included, the incidence rate of thiopurine-induced myelotoxicity was higher, at 
11%, compared to the incidence rate of 3% when all studies were included (22). Myelosuppression can 
occur over a period of several months or occur quite suddenly. In a study by Connell et al, 9 cases of 
severe leucopaenia was reported, of which 6 occurred abruptly (having had normal blood counts 1 
month previously) (27). 
 
Most patients with AZA/MP-induced leucopaenia (neutropaenia in particular) are asymptomatic. Those 
that present with symptoms typically have severe sore throat and fever (28). Infections are the only 
significant consequence of neutropaenia. The cumulative incidence of infections among patients 
suffering from AZA/MP-induced myelotoxicity was 6.5% (95% CI 3.2-9.8%) (22). The common sites of 
infection include the oral cavity and mucous membranes and the skin. There have been three deaths 
reported due to bone marrow suppression in IBD patients treated with AZA/MP, with the risk of mortality 
in patients with AZA-induced myelotoxicity being approximately 1% (95% CI 0.32-2.70%) (22). 
 
In cases of mild leucopaenia, dose reduction (for example, to 50%) may be sufficient to restore counts 
(although there have been reports that show that leucopaenia can resolve spontaneously without a 
change in dose). Re-introduction of the drug is recommended at a lower dose to avoid the 
reappearance of bone marrow toxicity. In cases with absolute neutrophil counts of less than 1 x 109/L, 
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drug cessation is recommended. If the leucocyte counts normalise, there have been suggestions that 
the drug can be re-started at a lower dose, and ceased permanently if leucopaenia recurs after the re-
challenge (22). 

 
Both azathioprine and mercaptopurine are pro-drugs that need to be bio-activated and metabolised to 
6-TGN (6-thioguanine nucleotides) through a complex enzymatic pathway to exert their therapeutic 
effect (19,22). TPMT (thiopurine S-methyltransferase) plays an important role in this process. TPMT 
metabolises MP into inactive 6-methylmercaptopurine (6-MMP), and hypoxanthine-guanine 
phosphoribosyltransferase (HPRT) anabolises MP into 6-TGN, the molecule responsible for both the 
therapeutic activity and drug-related leucopaenia. A reduction in TPMT activity predisposes to bone 
marrow suppression because of preferential metabolism of MP into 6-TGN (19,22,29).A trimodal 
distribution of TPMT activity is observed in the general population and this activity correlates with TPMT 
genotype (29). Most centres routinely measure TPMT phenotype/genotype to aid dosing patients with 
these medications. However TPMT genotype / activity explains only 20% of the observed episodes of 
bone marrow suppression supporting the existence of other genetic or environmental factors.   A recent 
study examining HPRT activity in relation to 6-TGN concentrations and thiopurine-induced leucopaenia 
found that high levels of HPRT activity predicted unsafe 6-TGN concentrations and leucopaenia (30). 
The authors postulated that this could partly explain the therapeutic response or toxicity that is not 
adequately explained by the polymorphisms of TPMT. 
 

4.5 Sulfasalazine induced neutropenia in IBD and RA  

 
Sulfasalazine is used for the treatment of Inflammatory Bowel Disease (IBD) as well as Rheumatoid 
Arthritis (RA).Taken orally, Sulfasalazine is reduced by colonic bacterial azoreductases into 
Sulfapyridine and 5-aminosalicyclic acid (5-ASA). 5-ASA released in the colon has topical anti-
inflammatory and immunosuppressive effects and is responsible for the efficacy of sulfasalazine in IBD 
while many of the toxic effects, experienced by 10-45% of IBD patients have been attributed to the 
sulfapyridine carrier moiety.  Second generation 5-aminosalicylates (mesalazines) were subsequently 
developed using alternative mechanisms to deliver 5-ASA to the colon. These drugs are generally 
better tolerated by patients and have largely replaced Sulfasalazine in clinical practice. However 
mesalazines are 7 fold more expensive, may be less efficacious (a recent Cochrane review concluded 
that Mesalazine is statistically inferior to Sulfasalazine in maintenance of remission in UC (31)), and are 
associated with other serious side effects not seen with sulfasalazine (e.g. pancreatitis, nephrotoxicity).  
 
In contrast to IBD, the active moiety of sulfasalazine in RA is thought to be sulfapyridine. Indeed 
mesalazines are not effective in the treatment of RA. Sulfapyridine decreases secretion of inflammatory 
cytokines like IL8 and also inhibits nuclear factor-kappa B (NFkB) which induces the transcription of 
central mediators of the immune response. Sulfasalazine is used as a Disease Modifying Anti 
Rheumatic Drug (DMARD) either as monotherapy or in combination with other DMARDs. 
Haematological disturbances, most commonly mild neutropaenia, are experienced by 2-3% of patients 
using sulfasalazine (32). In most cases, this is benign and self-limiting. However, idiosyncratic 
agranulocytosis (defined as neutrophil count less than 500/uL), which predisposes to serious infections, 
is also seen. Indeed sulfasalazine is currently one of the commonest causes of drug induced 
agranulocytosis. Data collected from GP records in Britain estimated the frequency of this side effect to 
be 0.6 per 1000 IBD patients treated with sulfasalazine but approximately 10 times higher (6.1/1000) in 
patients with RA (33). A large Swedish study showed a fatality rate of 6.5% in patients with 
agranulocytosis (34). Seven deaths due to blood dyscrasias associated with the use of sulfasalazine 
were reported to the UK Committee on Safety of Medicines between 1991 and 1998. 
 
Neutropaenia and agranulocytosis typically occurs within 3 months of starting sulfasalazine. The 
median time to develop agranulocytosis with Sulfasalazine treatment was 43 days amongst cases 
reported to Swedish Adverse Drug Reactions Advisory Committee (34). In another study of RA cases, 
76% of adverse reactions necessitating drug withdrawal were in the first 3 months (35).  In order to 
detect neutropaenia early the British society of Rheumatologists recommends a monthly full blood 
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count for the first 3 months and 3 monthly thereafter. If, following the first year, dose and blood results 
have been stable, frequency of blood tests can be reduced to every 6 months for the second year of 
treatment. Thereafter, monitoring of blood for toxicity may be stopped. Less stringent monitoring is 
recommended by the British society of Gastroenterologists. 
 
Mechanisms 
As myelotoxicity is not usually seen with Mesalazine and other sulfonamides are also implicated in 
agranulocytosis, it is likely that the sulfapyrine component is responsible for neutropaenia. Mild 
neutropaenia might be dose dependant. Agranulocytosis is more likely to be an idiosyncratic 
hypersensitivity reaction. The mechanisms are not understood but might include immune mediated 
destruction of neutrophils, or direct toxic effects upon marrow granulocytic precursors. Both 
mechanisms might be mediated by reactive metabolites following the oxidation of sulfasalazine by the 
neutrophil NADPH oxidase / myeloperoxidase system. 
 
Candidate gene studies reported no association between polymorphisms in the NAT2 and ELA2 genes 
and sulfasalzine neutropaenia (36). The sulfapyridine (SP) component of Sulfasalazine is inactivated to 
N-acetyl SP via NAT2 and the neutophil elastase gene (ELA2), is implicated in congenital 
neutropaenia. To date no genome wide association studies have been carried out in sulfasalazine 
induced neutropaenia (37). 
 

4.6 Thiopurine induced Liver injury in inflammatory bowel disease.  
 
Thiopurine drugs (6-mercaptopurine and azathioprine) are effective at maintaining remission in patients 
with Crohn’s disease and ulcerative colitis (38,39). Despite this their use is limited by side effects and 
the requirement for regular blood monitoring. Thiopurine drugs are one of the few drugs in the world 
where pharmacogenetic testing is routine. The TPMT enzyme assay is accurately able to predict the 
metabolic products of thiopurine metabolism, which are primarily responsible for bone marrow 
suppression in a dose dependant fashion thus preventing administration to at risk patients (40).  
 
Non-dose dependant, rare idiosyncratic reactions, that are not predicted with TPMT genotyping are 
seen in up to 4% of patients (41). The most common non-dose related serious adverse events include 
pancreatitis and hepatitis. Following an idiosyncratic adverse drug event, as many as 17% of patients 
have to subsequently discontinue their treatment (42). Interestingly of those patients who restarted a 
thiopurine after cessation, 40% developed the same idiosyncratic adverse event again suggesting a 
genetic aetiology (42).  
 
Hepatotoxicity associated with thiopurine administration is well documented and is seen in 
approximately 4% of all patients (42). Indeed thiopurines have been estimated to be responsible for 4% 
of all cases of hepatotoxicity (43). Two isolated pictures of liver damage have been described for 
thiopurines. The most common idiosyncratic reaction is a hypersensitivity syndrome that typically 
presents with elevated transaminases within the first few weeks of treatment initiation. Cholestatic 
jaundice is much less common, but necessitates complete and often permanent cessation of the 
offending drug. These two mechanisms of liver injury are distinct from the dose-dependant liver injury, 
nodular regenerative hyperplasia, the incidence of which is related to the level of 6-thioguanine, a 
metabolite of 6-mercaptopurine most commonly observed in patients with low TPMT levels (40).   
 
Thiopurines are metabolised via three competing pathways. The first is to 6-thioguanine, the metabolite 
responsible for its therapeutic effects, but also its most severe side effects such as bone marrow 
suppression and nodular regenerative hyperplasia. The second is via xanthene oxidase to 6-thiouric 
acid (this pathway is responsible for the drug interaction between allopurinol and thiopurines). The third 
pathway is via TPMT, which methylates the metabolic products (44). There is evidence that rather than 
6-TG levels, the levels of methylated metabolic products correlate with the development of 
hepatotoxicity (45). This is likely, however, to be a TPMT independent phenomenon as TPMT 
genotype/activity does not appear to be related to the likelihood of developing liver injury (45).  
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At present very little is known about the predisposing risk factors for thiopurine induced liver damage, 
although there appears to be an increased risk in the male sex (46). The aim of this research project 
would be to recruit 300 patients who have suffered a hypersensitivity type hepatotoxicity reaction to 
thiopurines. In this context, hepatotoxicity is defined as an ALT or conjugated bilirubin that has risen to 
greater than five times the upper limit of normal for the individual laboratories range within a defined 
time period of commencing treatment (as defined by the International DILI Expert Working Group (47)).  
 
A detailed clinical database would be built up to identify for the first time the clinical characteristics of 
patients who have experienced hepatotoxicity. A subsequent genome wide association study would 
then be undertaken to identify predisposing genetic variants. Although the genetic analysis will provide 
a useful insight, a real strength of the approach we have taken in Exeter is to aspire to build a 
combined clinical and genetic risk prediction model. The clinical data is invaluable and provides not 
only a more accurate definition of likely cases, but we believe this approach when combined with 
genetic analysis is more likely to be translatable to the clinic with more immediate benefits to patients. 
 

4.7 Thiopurine Hypersensitivity Reaction in Inflammatory Bowel Disease 

 
Thiopurine hypersensitivity reactions are dose independent and occur in 5-10% of patients treated with 
Azathioprine and Mercaptopurine. Most hypersensitivity reactions are mild, presenting with a flu-like 
illness within the first 4 weeks of therapy, resolving rapidly on drug withdrawal. Symptoms and signs of 
mild hypersensitivity reactions are poorly defined in the literature but include fever, myalgia, arthralgia, 
headache and fatigue often leading to drug cessation. These symptoms can be associated with an 
acute inflammatory response, supported by a rise in serum markers eg CRP, mimicking active IBD. We 
believe the more common gastrointestinal side effects of nausea, vomiting and diarrhoea are not typical 
of this hypersensitivity reaction and such patients will not be included in this study.  
 
A rare more serious thiopurine hypersensitivity syndrome has been described that can present with 
hypotension, cutaneous eruptions (typically a neutrophilic dermatosis), leukocytosis, and liver and/or 
renal dysfunction. The clinical picture can overlap with severe thiopurine pancreatitis and may mimic 
sepsis. 
 
The mechanism of thiopurine hypersensitivity is unknown. It has been proposed that the imidazole 
component of AZA may be responsible by binding to endogenous proteins resulting in hapten formation 
and immune activation. This might explain why a small proportion of patients who develop flu-like 
illness in response to AZA therapy are subsequently able to tolerate 6MP. However, this theory must be 
challenged as there is no evidence to suggest that the syndrome is more common with azathioprine 
than mercaptopurine  and a number of patients experience identical reactions to rechallenge with 6-MP. 
 
This hypersensitivity syndrome does not appear to be associated with TMPT genotype and is not dose 
related suggesting an idiosyncratic mechanism. An association with flu-like hypersensitivity to 
thiopurines and an exonic variant in ITPA has been described in a case-control study, however, it is 
unlikely this will stand-up to replication.  
 
The aim of this arm of the study is to prospectively and retrospectively evaluate patients started on a 
thiopurine and identify those who develop flu-like symptoms that cause sufficient morbidity that the drug 
is stopped. Once patients have been identified a detailed clinical history will be collected and a DNA 
sample taken. A genome-wide association study will be undertaken to identify genetic risk variants that 
predispose to the development of this hypersensitivity reaction. 
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4.8 Immunogenicity to biologic drugs in Inflammatory Bowel Disease (IMGEN) 
 
The use of anti-TNFα monoclonal antibodies, infliximab and adalimumab has greatly advanced 
treatment of IBD. However repeated administration induces immunogenicity and the formation of anti-
drug antibodies (ADAs). Recent data suggests that immunogenicity is also observed with newer 
biologics, golimumab, vedolizumab and ustekinumab. The reported incidence of ADA formation in IBD 
patients treated with these agents varies according to the drug and assay used, and for Infliximab may 
be as high as 40% after 12 months of treatment. The formation of ADAs is the major cause of loss of 
response, hypersensitivity reactions and treatment discontinuation. 
 
The development of immunogenicity depends on a number of factors including treatment-dependent 
factors (e.g. dose, route of administration, duration of treatment, episodic vs. scheduled administration), 
product-dependent factors (e.g. amino acid sequence variation, glycosylation) and patient-related 
factors including age, disease state, and genetic predisposition. Preliminary data from our prospective 
PANTS study of 1750 patients treated with anti-TNF therapy has identified genome wide association at 
a number of loci. 
 
The aims of this arm of PRED4 are firstly to investigate genetic susceptibility to ADA formation. An 

ability to predict patients at high risk of immunogenicity to anti-TNF drugs might direct choice to 

alternative first-line biologic therapies, or direct the targeted use of immunomodulatory therapies in 

combination with anti-TNF drugs to mitigate this risk. Conversely patients at low risk of immunogenicity 

might be offered monotherapy with biosimilar anti-TNF agents reducing the risks of combination 

therapy and costs of newer biologics. 

 
 

4.9 Anti-TNF induced adverse skin reactions in IBD (ANTS) 
 
The use of anti-TNF therapy are associated with the development of paradoxical inflammatory skin 
eruptions in up to 40% of treated patients across all disease indications.  Skin manifestations may 
present after many years of anti-TNF treatment and include palmoplantar pustulosis, psoriasis, 
psoriasiform eczema, eczema and xerosis. Smoking and obesity have been identified as risk factors 
particularly of palmoplantar psoriasis but these clinical factors are not currently used to stratify patients. 
Initial treatment of skin lesions includes the use of topical steroids, but 10-40% of patients fail to 
respond necessitating anti-TNF drug withdrawal. Switching to an alternative anti-TNF drug does not 
lead to resolution of skin lesions suggesting a class effect for this adverse drug reaction. In contrast 
switching out of class to ustekinumab (an antibody directed against the p40 subunit of IL-12 and IL-23, 
approved for use in psoriasis and Crohn’s disease) has been shown to be effective in the treatment of 
anti-TNF induced skin lesions refractory to topical steroids. 
 
The mechanism of anti-TNF induced skin lesions is not well understood but recent data suggests that 
the skin lesions are characterised by infiltration of interferon-γ expressing Th1 lymphocytes and IL-
17A/IL-22 expressing Th17 cells. It is speculated that the Fc region of anti-TNF antibodies bind to Fc-
gamma receptor 1 and III/II on monocytes and macrophages triggering secretion of IL-23 which drives 
Th17 production of IL-17 and IL-22 and the development of skin lesions. A preliminary small candidate 
gene study has reported association with the rare IL23R variant rs11209026 (p.Arg381Gln) and severe 
anti-TNF induced psoriasiform skin lesions suggesting it might be possible to identify patients at risk of 
adverse skin reactions prior to treatment. 
 
The aim of this arm of the study is to report the clinical features of anti-TNF induced adverse skin 
reactions, to identify clinically useful genetic and non-genetic factors that predict adverse skin reactions 
and to understand the underlying mechanisms of this adverse drug reaction. 
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5. Study Objectives and Design 

 

5.1   Study Objectives/Aim 
 
The main aim of this study is to identify clinically useful genetic and non-genetic factors that predict 
serious adverse drug reactions, so that these drugs can be avoided, or monitoring intensified, in high risk 
patients. A simple, cheap, diagnostic test will be developed using these data which can be rapidly 
adopted into medium and large sized hospitals. This will allow the development of strategies to 
individualise drug therapy to maximise benefits and minimise harm. 

 

The secondary objectives are: 
 

a. to understand the mechanisms underlying drug side effects 
b. through a knowledge of the mechanisms, to learn about particular functional  chemical groups 

which predispose to toxicity, and thereby facilitate more rational drug design. 

c. to develop a network of interested UK clinicians for further pharmacogenetic research projects. 

 

 

 

5.2 Study  Design  

These are a series of case control studies involving patients with documented drug toxicity.   
 

Definitions of drug toxicity 
 

In the absence of a diagnostic test for serious adverse drug reactions, definitions are clinical. Factors 
implicating a drug as the cause of an adverse reaction include: 
 

 The temporal relationship between the introduction of the drug and occurrence of the reaction 

 Improvement following drug withdrawal or dose reduction  

 Recurrence on rechallenge with the drug 

 Exclusion of other drug or non-drug causes 
 

Patients may be included in these studies if they meet all the major criteria specific to each adverse 
drug reaction. A further series of minor criteria, which typically includes the factors above, permits a 
semi-quantitative assessment of diagnostic certainty.  
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5.3 Study Flowchart  
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Health care professional (HCP) identifies patient 

 
 

HCP asks patient if they would be willing to be approached  
by study team 

Patient invitation letter and PIS and questionnaire 
sent by local PI 

Appointment with research nurse organised 

 

– – 

Database searches for potential patients 
Screen notes for eligibility Study eligibility confirmed 

 

 

Patient returns reply slip  
expressing interest 

Patient agrees  

Research Visit  
 

 Explain Study to participant. 

 Consent Form signed by patient  making sure that the bar code is stick on to the front and then photocopied  

 1 copy for site file. 

 1 copy for the hospital notes. 

 1 copy for the patient. 

 Bar-coded Patient Questionnaire to be completed with patient.  

 Venepuncture – please use 2x 6ml EDTA tubes (and 1 serum tube)  – barcodes inside transport tube for your use. 

 eCRF to be completed (www.ibdresearch.net ) User name requested from Exeter  

  

Dispatch blood tubes and paperwork to Exeter Clinical Genetics Laboratory 
 

 Take a photocopy of patient questionnaire  [Keep the originals in the local site file]. 

 Place these copies in white envelope addressed to Study Manager (provided). 

 Wrap both bar-coded blood tubes in tissue paper provided. 

 Insert both blood tubes into large transport tube for delivery. 

 Place blood transport tube inside zipped plastic bag provided, along with the bar-coded molecular genetics form. 

 Place plastic bag inside labelled, postage paid, jiffy bag (provided). 
 
Send by 1

st
 class post to Exeter Clinical Genetics Laboratory  

Complete/update the patient screening log and fax to the Exeter Pharmacogenetics Office on 01392 406767 
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6.Selection and withdrawal of Subjects  
 

6.1  Inclusion Criteria 
 

 Patient willing to take part. 

 Any patients including children.  

 Patient meets all major criteria for specific adverse drug reaction 

 Written informed consent obtained from patient or parent 
 

Major criteria for cases: 
 
Demyelination complicating anti-TNF therapy in Inflammatory bowel disease and other 
inflammatory disorders (TNF) 
 

 History of exposure to anti TNF-α antibody at any time in the past. 

 No history of demyelinating neurological symptoms prior to exposure to anti TNF-α antibody. 

 Neurological symptoms lasting at least 24 hours. 

 MRI brain and/or spinal cord shows changes consistent with CNS demyelination or 
electrophysiological studies (nerve conduction or evoked potentials) are consistent with PNS or 
CNS demyelination and confirmed by a neurologist.  

 Neurological opinion implicates anti TNF-α medication as possible cause of demyelination, and 
if the patient is still receiving the drug, it is withdrawn 
 

Proton Pump inhibitor induced interstitial nephritis. (PPI) 

 ≥ 30% rise in serum creatinine or ≥ 25% fall in eGFR any time after introduction of PPI 

 No other risk factors for renal disease  

 Medical opinion implicating PPI justifies drug withdrawal, even if temporary 
 

Thiopurine induced pancreatitis in Inflammatory bowel disease History of ulcerative colitis or 
Crohn’s disease (TIP) 

 Episode of acute severe abdominal pain 

 History of thiopurine exposure within the  previous 7 days of pancreatitis occurring  

 Rise in serum pancreatic enzymes (amylase/lipase) (≥2 times upper limit of normal) 

 Episode of acute pancreatitis within 3 months of starting thiopurine 

 Medial opinion implicates thiopurine as the mostly likely cause of pancreatitis, and drug 
withdrawn 

 
Thiopurine induced myelosuppression in Inflammatory bowel disease (TIM) 
 

 History of thiopurine exposure within the  previous 7 days of Leucopaenia occurring  

 Normal total white cell count and/or neutrophil count at baseline. 

 Fall in total white cell count to ≤ 2.5x109/L, or reduction in neutrophil count to ≤  1.0x109/L or 
less 

 Medial opinion implicating thiopurine leads to dose reduction or drug withdrawal even if 
temporary 
 

 
 
 
Sulfasalazine induced neutropenia  in inflammatory bowel disease and rheumatoid arthritis  
(SAN) 
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 History of inflammatory bowel disease or Rheumatoid arthritis and Seronegative 
Spondyloarthropathy 

 History of sulfasalazine exposure in the previous 30days 

 Normal total white cell count and neutrophil count at baseline 

 Fall in neutrophil count to ≤0.5 x109/L 

 Medical opinion implicating sulfasalazine leads to dose reduction or drug withdrawal (even if 
temporary) 

 
Thiopurine induced liver injury in inflammatory bowel disease (TILI) 
 

 History of inflammatory bowel disease  

 Normal ALT and bilirubin at baseline 

 No history of chronic liver disease 

 Elevation of ALT and/or bilirubin to >= 4 times upper limit of normal (normal range as per local 
laboratory) 

 History of thiopurine exposure in the previous 30 days prior to abnormal blood test 

 Medical opinion implicating thiopurine in development of hepatotoxicity 
 

Thiopurine Hypersensitivity Reaction  (THR) 

 

Inclusion Criteria  

 Aged 6 years or over  

 History of Inflammatory Bowel Disease 

 History of thiopurine exposure in the previous 7 days before the onset of adverse event.  

 Flu like symptoms  severe enough to lead to drug withdrawal even if temporary (symptoms 
should include fever, muscle ache, joint pain)   

 Onset of symptoms within 4 weeks of starting thiopurine.  

 Symptoms resolved within 14 days of drug withdrawal.  
 

Exclusion Criteria  

 Patient tolerated re-challenge with the same thiopurine regardless of dose.  

 Drug withdrawn due to nausea and/or diarrhoea without any other symptoms.Objective 
evidence of Infection.  
 

 
 Immunogenicity to biologic drugs in Inflammatory Bowel Disease (IMGEN) 

 Patient currently aged ≥ 6 years 

 History of ulcerative colitis (UC) or Crohn’s disease (CD) 

 Biologic drug and antibody concentrations previously measured in Exeter, or patient prepared to 
give sample for this purpose. 

 At time of drug and antibody measurement: 
i) Biologic treatment duration >24 months or 
ii) Treatment duration ≤ 24 months with episode of loss of response requiring escalation of 

immunomodulatory, steroid or biologic therapy, or withdrawal of current biologic therapy. 

 Drug and antibody level taken at one of the following time points:  
i) For patients still on drug: within 72 hours prior to the next dose of drug (trough level) 
ii) For patients who have stopped drug: no sooner than 72 hours before and no later than 

one month after their next dose would have been due and before starting next biologic 

 Patient has not participated in PANTS study. 

 Patient is able to provide informed consent.   
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Exclusion Criteria (please also refer to the Thiopurine Hypersentivity exclusion above)  

Anti-TNF induced adverse skin reactions in IBD (ANTS) 
 

 Patient currently aged ≥ 6 years 

 History of ulcerative colitis (UC) or Crohn’s disease (CD) 

 Current or past history of anti-TNF therapy. 

 No past history of eczema or psoriasis prior to starting anti-TNF therapy. 

 Development of specified skin lesion whilst receiving anti-TNF therapy or within 8 weeks of drug 
withdrawal. 

 Patient is able to provide informed consent. 
 
 
 

 

 Patient unwilling to take part. 

 Unable to obtain written informed consent. 
 Patient is, in the opinion of the investigator, not suitable to participate in the study. 

 

6.2   Identification of potential Participants 

UK Patient Identification 

 
(i) Patients will be identified by their healthcare professional (PI’s) within any participating NHS 

hospital Trust (research site). PI’s will also be recruited via the British Society of Gastroenterology, 
The Renal Association, the Association of British Neurologists, the British society for 
Rheumatology and the British Association of Dermatologists.  
 

(ii) Engagement with the UK IBD patient group, (NACC - 40,000 members.) and other appropriate 
patient groups. We will advertise this study directly to patients using our own website 
(www.ibdresearch.co.uk), patient group websites and newsletters.  

 

Patients contacting the research office will be sent a study information pack comprising patient 
invitation letter, participant information sheet and participant questionnaire.  Patient’s willing to take 
part will be asked to complete and return a reply slip and questionnaire. If the patient’s routine 
clinical care is carried out at an institution designated as a research site then they will be directed 
to the local PI for recruitment. As a last resort and no research site can be opened close to the 
patient’s home then arrangements will be made for a member of the Exeter research team to visit 
the patient at home to discuss the study, take face to face informed consent, assist with the patient 
questionnaire and carry out venepuncture, having confirmed eligibility with the patient’s own 
clinical team. Research passports and letter of access will be obtained, if necessary, and staff will 
follow the RD&E’s lone workers policy.  

 

(iii) The Yellow Card Reporting System. Following approval of this method of recruitment by the 
MHRA, we will utilise the yellow card database to identify potential patients. We will ask the 
clinician who originally reported the adverse drug reaction to approach the patient. 

 
 

International Patient Identification  

http://www.ibdresearch.co.uk/
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To ensure we recruit adequate numbers of participants and / or to replicate our findings in a second stage 
experiment we will engage with other genetics consortia, many of whom we are currently collaborating 
with, as part of the work of the international IBD genetics consortium. Patients will be identified from 
existing international IBD DNA banks. Eligible patients will have previously given broad informed consent 
for use of their DNA for IBD genetic studies. 

6.3       Withdrawal of Subjects  
 

Subjects will be informed that they are free to withdraw from the study at any time up until the samples 
and data are coded but not anonymised.  When the sample is fully anonymised the participants will still be 
able to withdrawal however their samples and any data will be retained to be used in the analysis. The 
Investigator may remove a subject if, in his / her opinion, it is in the best interests of the subject. If a 
patient permanently withdraws from the study, or is lost to follow-up, the reason will be recorded. 
 

 6.4 Expected Duration of Trial 
Case identification and recruitment will continue for until 31st December 2019 

 

7.  Study Procedures  

7.1 Screening – Medical records 
 

Once the patient has been identified their medical records will be reviewed by a healthcare professional 
to ensure that met all of the major eligibility criteria. Once this is confirmed the patient will be contacted 
by their healthcare professional. 
 
The patient will then be sent a patient information sheet and questionnaire to complete at home. An 
appointment will be made for the patient to be seen by the local research team either at the patient’s 
usual hospital or at home.  
 

7.2 Standard research visit 
 
The research visit may be scheduled for any convenient time. However the timing of the blood test is 
important when recruiting patients to the immunogenicity to biologic drugs arm of the study (IMGEN).  
For patients continuing on drug this should occur within 72 hours prior to the next dose of drug (trough). 
For patients receiving intravenous biologic therapy we would recommend the research visit is 
scheduled to occur immediately prior to infusion to minimise inconvenience to patients. For patients 
who have stopped drug the blood test should be taken no sooner than 72 hours before and no later 
than one month after their next dose would have been due and before starting next biologic 

. 
 
1. The study will be explained to the patient. Any questions regarding participation will be discussed.  
 
2. Each patient will be identified by a unique numerical barcode which will be supplied to the site by 

the central coordinating team. 
  
3. Consent. The patient will be asked to read the consent form, initial the boxes and sign and date it; 

this will be also signed by the delegated healthcare professional taking the consent. The original 
consent form will be photocopied and a copy given to the patient, a copy placed in the hospital notes 
and one held in the site file.  
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4. The patient questionnaire will be reviewed and any missing data completed.  
 

5. Blood sample. The healthcare professional will then take a blood sample from the patient; x2 6 ml 
EDTA tubes are required and additional clotted samples for the IMGEN and ANTS arms. The 
patient’s unique barcode will be attached to the blood tubes.  

 
6. Sample transportation. The blood tubes are placed in the larger transport tubes provided. The 

patient’s initials must be inserted on the laboratory request form, and the transport tubes placed 
inside the plastic bag containing the request form. These will be put in the jiffy bag and posted to the 
molecular genetics laboratory at the Royal Devon and Exeter Hospital. 

7.3 Completion of CRF.  
 
The electronic or paper CRF will be completed as close to the study visit at possible. Relevant 
information will be extracted from the medical notes. Relevant correspondence, biopsy reports, 
radiology reports and photographs may be uploaded to the website or emailed to the central 
research office provided they have been anonymised and the PRED4 study number attached. 

 
 

7.4 Optional skin biopsies (ANTS study only) 
Patients aged over 18 years who are suspected as having an anti-TNF induced adverse skin reaction at 
the time of recruitment (incident patients) may be approached to have 4 optional skin biopsies. These 
include 2 from the affected area and 2 from an unaffected area of skin. 
 
The local research nurse will explain to the patient that these biopsies are being taken for research 
purposes only.  
 
An additional consent form will be completed. The patient will be asked to read consent form 2, initial 
the boxes and sign and date it. The consent form will be also signed by the healthcare professional 
taking the consent. The original consent form will be photocopied and a copy given to the patient, a 
copy placed in the hospital notes and one held in the site file.  
 
The biopsies will be carried out by a health care professional trained to perform skin biopsies using a kit 
supplied by the central research team.  
 
To compensate the patient for their time and additional inconvenience for having the tissue samples 
taken, they will be offered a £50 Amazon voucher. 
 
 

7.5 Skin biopsy protocol 
 
Two biopsies are taken from an affected area and two biopsies from an unaffected area. 

 
Affected area:  
1. The area to be biopsied should be selected (note in the source document the location of each biopsy) 
and photographed. 
2. An appropriate local anaesthetic should be administered to the area.  
3. The area should be tested to ensure adequate anaesthetic has been administered and the area is 
numb. 
4. Two biopsies are cored using the 2mm punch biopsy instrument. The instrument should be held 
perpendicular to the surface of the lesion and pressed down into the lesion while it is rotated clockwise 
and counterclockwise, cutting down into the subcutaneous fat. The punch biopsy instrument is then 
removed.  
5. The biopsy should be removed from the rest of the skin. Great care should be taken not to damage 
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the epidermis. Note; do not crush the skin sample with forceps.  
6. Cut with scissors below the level of the dermis to release the sample from the skin.  
7. The first biopsy is placed in the RNAlater TissueProtect tube (provided by central lab). The tube is 
then inverted a couple of times to make sure the specimen is submerged in the reagent. Note; A 
specimen could be floating on top of the solution in the tube, if not adequately mixed. Please try to 
visualize the meniscus of the fluid in the vial and confirm the tissue is submerged in fluid before placing 
the vial into a refrigerator in the next step.  
8. The tube should be labelled with the pre-printed labels 
9. The tube should be placed at 4°C overnight then transferred to a -20°C freezer (non self-defrosting 
freezer) or -70°C freezer (for long term storage samples should be stored at -70°C). If no non self-
defrosting -20°C freezer or -70°C freezer is available at site, please ship samples by courier the next 
day after collection.  
10. A second biopsy from an affected area should be placed in the tube containing formalin and placed 
at 4°C overnight prior to shipment with the other samples.  . 
 
Unaffected area:  
Two  biopsies are  taken from an unaffected area.  
Steps 1-10 above should be followed. 

 
This completes the patient visit. The recruitment log can now be completed and sent to the central 
Exeter team to alert them of a pending blood sample. The healthcare professional can then complete the 
case report form (CRF) by using the medical records.  
 
All CRFs are to be completed in a clear, legible manner. Black ink must be used to ensure accurate 
interpretation of data.  Any changes should be made by drawing a line through the data to be changed, 
entering the corrected information, and signing (or initialling) and dating the change.  
 
Every effort should be made to have the CRFs completed and as soon as possible following recruitment 
of a participant. Once completed the CRF’s and the questionnaire will be copied and sent to the 
coordinating team in the pre-paid envelope.  
 
 
Research visit – Children  
 
We are recruiting children of all ages to the study. Children represent a significant minority of patients 
affected by IBD, and other inflammatory diseases and are as likely to develop these serious side effects 
as adult age patients.  The genetic predictors of these side effects may be different in children. Children 
will only have a blood sample for these studies taken when they are having bloods taken for routine care. 
 

7.6   Handling of clinical data 

Once the eCRF is completed missing data and queries will be raised by the Exeter research team. 
Research nurses and data managers will liaise with the relevant clinicians regarding data corrections. 
The Chief Investigator will be updated on a regular basis and will review the reports produced by the 
statistician in order to ensure consistency and accuracy of the data. Once CRF’s and corresponding 
queries and reports are reviewed, the CRF will be signed off by the Chief Investigator or designated 
person. 
 
The database especially designed for this project will be held at the Royal Devon and Exeter Hospital in 
the Department of Gastroenterology Research Office. It will be password protected and will undergo 
back up on a daily basis. 
 
Patient confidentiality will be maintained at all times and will be protected in accordance with the Royal 
Devon and Exeter NHS Foundation trust data protection policy. Data will be pseudoanonymised. A 
unique study ID will be given to each participant by the local research site and no personal details will be 
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sent to the main research site.  Access to the secure file linking study ID with personal details will be held 
by the local research site only, on a protected computer. Access will be limited to the local principal 
investigator and research nurse. 

7.7  Storage and testing of DNA 
 
DNA will be extracted at the Peninsula Molecular Genetics Laboratory, Exeter by members of Professor 
Sian Ellard’s team. All DNA samples will be stored at the Peninsula Clinical Research Facility in locked, 
alarmed -80C freezers. Designated members of the research team will have access to the samples. Dr 
Tariq Ahmad will act as custodian. 
 
All DNA samples will be pseudo-anonymised as we may wish to recruit patients to future studies 
investigating serious drug side effects based upon their genotype. This is explained to the patients on 
the patient information sheet. The file linking the sample code to personal identifiable information will be 
held by the local principal investigators.  
 
Coded DNA samples will be sent to other centres in the UK and USA for genetic analyses but all 
samples will be fully anonymised.  
 
We will use the latest GWAS genotyping platform (e.g. Illumina 1M chip) and additionally carry out high 
resolution class I and II HLA typing, taking advantage of any facilities made available by the international 
serious adverse events consortium. We will draw on publicly available Wellcome Trust Case Control 
Consortium (WTCCC) data for country and sex-matched population controls. 
 
Genotypic data will be kept by the Department of Gastroenterology at the Royal Devon and Exeter 
Hospital under secure conditions.  Participants and/or their GP’s will not be told of the genotypes 
identified from the studies at any stage during the study. 
 

8     Assessment of Safety 

8.1    Risks and benefits for the participant  
 
There is a risk of bruising at the venepuncture site and skin biopsy sites. To minimize this risk 
venepuncture and skin biospies will only be carried out by healthcare professionals competent at 
carrying out this procedure. 
 
There are no direct patient benefits from participation. 
 

8.2        Procedures for Recording and Reporting (Serious) Adverse Events 

 
In the event that the patient should experience any untoward events during the visit then the patient will 
be reviewed by a clinicians and the event will be reported by the normal methods to the sponsor and CI. 
 
 
 
 
 

9        Statistics 

9.1  Sample Size 
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For each serious adverse event a sample size of 300 cases and 1200 controls provides greater than 
95% power to identify an association at “beyond doubt” p values of 1x10-12 at odds ratios of at least 5.0 
with an allele frequency of greater than 2%. 
 

MAF 
Sample size 

Power 

 0.05 
100 

0.26 

 
200 

0.98 

 
300 

0.99 

 0.1 
100 

0.85 

 
200 

0.99 

 
300 

0.99 

 0.2 
100 

0.99 

 
200 

0.99 

 
300 

0.99 
 
 

9.2  Analyses 
Statistical methodology for genetic association studies is a rapidly developing field, and the most up to 
date methods will be applied to bring the most powerful statistical methods to bear on the data analysis, 
and thus extract the maximum information possible from the genotype data. A detailed statistical analysis 
plan will be prepared prior to starting the analysis by Dr Jeff Barrett, Dr Carl Anderson and Professor Tim 
Frayling. 

Prior to the association analyses, a test for Hardy Weinberg equilibrium will be undertaken at each SNP, 
using Fisher’s exact test. Any marker found to deviate significantly (p<0.001) will be flagged and the 
reasons for deviation explored. Population substructure will also be tested for, and adjusted for in the 
analysis if any is detected.  The extent of missing genotype data per SNP and per patient will be 
examined and the reasons for this explored. Tests to ensure that any missing genotype data is at 
random will also be conducted. Multiple imputation methods will be used should missing genotypes be 
extensive.  
 
For assessing association between a SNP and the risk of an ADR, two tests for association will be 
undertaken to compare genotype frequencies between cases and controls. The first will be a Chi-
squared test, which makes no assumption regarding the underlying mode of inheritance, and the second 
will be a Cochrane-Armitage test for trend, which assumes an additive mode of inheritance. In the event 
that it is necessary to adjust for the effect of potential confounding factors, two logistic regression models 
will be fitted – the first including covariates to represent the confounding factors only and the second 
including covariates to represent both the confounding factors and the SNP – and a likelihood ratio test 
used to assess for association. The regression analysis will be conducted twice under the two different 
assumptions regarding mode of inheritance. In addition to the p-value, the false discovery rate will be 
calculated to assess for statistical significance whilst accounting for the multitude of tests undertaken.   

In the event that copy-number variants (CNVs) are investigated in addition to SNPs, the most up to date 
methods to assess for association with CNVs will be applied. 

 

10 Study  Management Structure 
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11  Direct Access to Source Data and Documents 

 
The Investigator(s) will permit monitoring, audits, REC review, and regulatory inspections by providing 
the Sponsor(s), Regulators and REC direct access to source data and other documents (eg patients’ 
case report forms, consent forms etc. On going central monitoring will be carried out by the sponsor. 

CV’s, delegations logs, CRF’s and questionnaires will be deem source data. 

12  Ethics & Regulatory Approvals 
 

The study will be conducted in compliance with the principles of the Declaration of Helsinki (1996), the 
principles of GCP and in accordance with all applicable regulatory requirements including but not 
limited to the Research Governance Framework and the Medicines for Human Use (Clinical Trial) 
Regulations 2004, as amended in 2006 and any subsequent amendments. 
 
This protocol and related documents will be submitted for review to South West - Exeter Research 
Ethics Committee (REC). Annual progress and safety reports and a final report at conclusion of the trial 
will be submitted to the Sponsor and the REC. All protocol amendments will be submitted to the REC 
and Regulatory Authorities for approval.  
 

12.1 Consent 
 
All patients recruited to the study will be required to give written informed consent. This will be carried 
out in person. Patients who lack capacity to consent will not be recruited. All subjects will be given the 
opportunity to contact a member of the research team to discuss the project in more detail if desired. All 
subjects will be informed of the nature and purpose of the study, its requirements and possible hazards, 
and their rights to withdraw at any time from the study without prejudice and without jeopardy to any 
future medical care at the study site. For children under the age of 16 will obtained parental consent.  

12.2 Confidentiality 
This study adheres to the Caldicott principles for the use of identifiable data. Data will be 
pseudoanonymised. A unique study ID will be given to each participant by the local research site and 
no personal details will be sent to the main research site.  Access to the secure file linking study ID with 

 
 

 

 

 

 

Management committee 
Chair: Miles  Parkes (UK) 

Serious adverse drug reactions group 
Lead investigators:  
Tariq Ahmad (UK)  
Charlie Lees (UK)  

Rinse  Weersma (Netherlands) 
Dermot McGovern (USA)   

Project manager  
Claire  Bewshea 

Subcommittees 
Phenotyping 

Analytical 
Ethics 

UK Research Sites    

NACC  – 40,000 members   

UK Clinical Research Network   

UK IBD Genetics consortium   

Members of the  
International IBD Genetics consortium 

SAEC 
Chair: Arthur Holden 

International  

IBD  

Genetics  

Consortium 

UK 



  

Version 7.1 dated 13
th

 February 2018  
 Page 31 of 36 

 

personal details will be held by the local research site only on a protected computer. Access will be 
limited to the local principal investigator and research nurse. 
 
Individual data will not be made available to participants or their doctors unless the results could 
potentially impact on the individual’s clinical care. Results would then be shared with the participant and 
their GP/consultant. This decision would be made by the Chief and Principal Investigators.  

12.3 Use of tissue samples in future research 
 

Consent will be sought in line with the Human Tissue Act (2004) from the patients to use their DNA 
samples in future work which may involve recruitment based on their genotype. Pseudoanonymisation 
of the data will allow us to go back to individual patients via the local principal investigators. We will 
submit a new ethics application for any future studies using these samples.  
 
Patients will be told that their DNA samplewill be: 
 

 Considered a gift to the Royal Devon and Exeter NHS Foundation Trust, which will act as 
custodian of the sample. 

 Tested for multiple genes in the future using new genetic techniques 

 Made available in an anonymised form only to other researchers working in the field after 
careful consideration of their study protocol and approval by the relevant REC 

 Any commercial use of the findings is unlikely to occur in the short−term and that this is a 
long−term project. 

 Furthermore, any commercial exploitation of the findings is unlikely to be due to single samples, 
but is more likely to be due to the findings in a large number of patient samples. 

 
Patients will be told that skin biopsies will be: 
 

 Considered a gift to the Royal Devon and Exeter NHS Foundation Trust, which will act as 
custodian of the sample. 

 Made available in an anonymised form only to academic and industrial researchers in the UK 
and internationally. 

 Stored indefinitely in a research bank and may be used for future research. 
 

13 Quality Assurance 

 
Monitoring of this study will ensure compliance with Good Clinical Practice.  Scientific integrity will be 
managed and oversight retained, by the Research and Development Directorate/ Peninsula College of 
Medicine and Dentistry.  
 

14  Data Handling  

 
The Chief Investigator will act as custodian for the trial data. The following guidelines will be strictly 
adhered to: 
 

 Patient data will be anonymised once it leaves the local research site.  

 All anonymised data will be stored on a password protected computer. 

 All study data will be stored in line with the Medicines for Human Use (Clinical Trials) Amended 
Regulations 2006 and the Data Protection Act. 
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15  Data Management  
 

The data will be obtained in a paper CRF which will be copied and sent to the central co-ordinating 

team in Exeter or entered into the web based CRF. The CRF will be deemed source data and any 

queries relating the data in the CRF will be resolved by Data Clarification Forms (DCF’s). Once the 

DCF is completed then it will be signed and dated by the PI.  

 

All CRF’s and DCF’s will be coded and not hold any identifiable information. The originals will be stored 

at the coordinating centre and the copies will be kept in the site files. The data will be entered in to an 

electronic database which will be password protected for analyses.  

16  Publication Policy  

 

It is intended that the results of the study will be reported and disseminated at international conferences 
and in peer-reviewed scientific journals. 

17  Insurance / Indemnity  
 

NHS Indemnity will apply. 

18  Financial Aspects  
 

Funding to conduct the study is provided by: 

1. The international serious adverse events consortium 
2. CORE Grant Award – Award letter dated 22nd July 2011 
3. Cure Crohn’s  
4. UCB  
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Consultant Gastroenterologist     

Chief Investigator     
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