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Abstract
Introduction: Autoimmune Hepatitis (AIH) is a chronic inflammatory disease of the liver that, if untreated, leads to cirrhosis and death from liver failure. The mainstay of treatment is with prednisolone and azathioprine. Evidence has recently emerged that long-term survival, even in treated AIH, is reduced, thus raising the possibility that the current standard regimen is not adequately controlling disease activity.  
Aims: The aim of this study was to firstly, assess the efficacy and toxicity of current immunosuppressive regimens with specific reference to induction of histological remission. Secondly, to study the clinical significance of azathioprine metabolites, TPMT and ITPA genetic polymorphisms, in an attempt to improve clinical efficacy of azathioprine. Thirdly, to study the efficacy of mycophenolate (MMF) as an alternative to azathioprine.  
Results: 46% of patients with treated AIH who achieved biochemical remission had persisting histological activity and these patients were at higher risk of death/transplantation compared to patients who achieved  histological remission (SMR 1.4 vs. 0.7; p<0.05). Adverse events with AZA occurred in 27% of patients, with drug withdrawal in 21%.  TGN, the active AZA metabolite, accumulates gradually, takes eight weeks to achieve steady state and dose increase of AZA is associated with increase in TGN, but not in a predictable manner. TGN values of >220 pmol/8x108 RBCs were significantly associated with AIH remission. There was no association observed between TPMT heterozygosity and the occurrence of AZA related adverse events. Patients with the ITPA variant alleles associated with severe ITPase deficiency were significantly more likely to develop AZA induced adverse events. Finally, for patients who are intolerant to AZA, MMF is a suitable alternative with comparable remission rates.
Conclusion: The results suggest that the current immunosuppressive regimen is inadequately controlling disease activity in a significant number of patients. Measurement of AZA metabolites may be helpful in these patients. 
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[bookmark: _Toc485375263]Introduction
Autoimmune Hepatitis (AIH), first described by Waldenstrom in 1950 (1), is a chronic inflammatory liver disease of unknown aetiology. The annual incidence of AIH is reported to be between 0.85-1.9 per 100,000 of the population (2, 3), similar to that of other autoimmune diseases affecting the liver (2). The traditional view of AIH is that it is disease affecting mainly females, of insidious onset with symptoms usually present for more than 6 months, associated with elevations of transaminases, marked hypergammaglobineamia and high titres of circulating antinuclear (ANA), smooth muscle (SMA) or liver-kidney microsomal 1 (LKM-1) antibodies.  However, it is now recognised that it is a heterogeneous disease, affecting all ages and both sexes, with a variety of presentations, ranging from asymptomatic presentation, chronic insidious onset to acute, even fulminant hepatitis (3). 

Although the exact pathogenesis is unknown, it is thought that, in a genetically susceptible individual, an environmental agent triggers a cascade of T-cell mediated immune response directed at liver antigens, leading to a chronic necro-inflammatory and progressive fibrotic process within the liver (4).  The liver autoantigens involved and the role of autoantibodies in the pathogenesis remain largely unknown. 

[bookmark: _Toc289966325][bookmark: _Toc290238645]A characteristic feature of AIH is that it responds well to treatment with corticosteroids. Randomised controlled trials performed in the 1970’s (5-7) showed the benefit of treatment in dramatically improving survival and these studies form the basis of standard treatment for AIH still used today. However, as long-term experience is beginning to emerge, it appears that current treatment for AIH may be sub-optimal. This introduction sets out to review the evidence for the current standard treatments used in AIH, determine the efficacy of treatment, and examine alternative treatment strategies. 

[bookmark: _Toc485375264][bookmark: _Toc294596322][bookmark: _Toc464311922][bookmark: _Toc464311986]Presenting Features
[bookmark: _Toc289966326][bookmark: _Toc290238646][bookmark: _Toc294596323][bookmark: _Toc464311923][bookmark: _Toc464311987][bookmark: _Toc485375265]Clinical Features
AIH has a heterogeneous presentation, from fulminant hepatitis to asymptomatic presentation. Symptoms commonly include fatigue, “flu-like” symptoms, jaundice, and arthlagia (8, 9). Less common presenting features include abdominal pain, pruritus, fever, ascites, rash, and rarely, variceal bleeding, and encephalopathy (8, 9).

[bookmark: _Toc289966327][bookmark: _Toc290238647][bookmark: _Toc294596324][bookmark: _Toc464311924][bookmark: _Toc464311988]Between 25-34% (9-12) of patients with AIH are asymptomatic at presentation, with the abnormalities of liver function tests only coming to light through routine investigation for other conditions. Although an asymptomatic presentation, compared with a symptomatic presentation, is associated with lower transaminases (10, 11, 13-15), the severity of necro-inflammation (10, 13) and fibrosis (11, 13) on initial liver biopsy is similar between the two groups. 

[bookmark: _Toc485375266]Laboratory Abnormalities  
[bookmark: _Toc289966328][bookmark: _Toc290238648][bookmark: _Toc294596325][bookmark: _Toc464311925][bookmark: _Toc464311989]Liver function tests (LFT’s) typically show a ‘hepatitic’ picture with elevations in serum aminotransferase activities (alanine transaminase (ALT), aspartate transaminase (AST)) with normal or only mildly elevated serum alkaline phosphatase (ALP). Gamma-glutamyl transferase (GGT) activity may also be elevated, especially in acute presentation of AIH (16), but it is of no clinical significance. Elevation in serum ALT and AST activity can range from just mild elevations to more than 20x the upper limit of normal (ULN) (17). Activity typically fluctuates and may even spontaneously normalise. The level of elevation in activity of ALT or AST does not correlate closely with disease severity as even mild elevations can be associated with significant histological inflammation (10).  Hypergammaglobinaemia with selective elevation of serum immunoglobulin G (IgG) is a characteristic feature. IgG levels are typically elevated between 1.2 to 3 times normal (4). Serum IgM and IgA are usually normal (3).

[bookmark: _Toc485375267]Autoantibodies
The characteristic serum autoantibodies associated with AIH are antinuclear antibody (ANA), anti-smooth muscle antibody (SMA), and type 1 liver-kidney microsomal antibody (anti-LKM1). These are not organ- or disease- specific antibodies and their exact function remains unknown. 

Although characteristic, these autoantibodies are not specific to AIH. ANA can also be found in various other chronic liver diseases such as primary biliary cirrhosis (PBC), drug-induced liver injury, chronic viral hepatitis (18, 19), alcoholic liver disease and non-alcoholic fatty liver disease (20). The presence of SMA and LKM-1 has also been described in chronic hepatitis C (18, 19). 

Between 10-25% of patients with otherwise typical AIH will have undetectable or very low titres (<1:40) of the conventional serum autoantibodies and these patients may have previously been diagnosed as having cryptogenic chronic hepatitis (21-23).

[bookmark: _Toc289966329][bookmark: _Toc290238649][bookmark: _Toc294596326][bookmark: _Toc464311926][bookmark: _Toc464311990][bookmark: _Toc485375268]Histology 
A central histological feature of AIH is inflammatory infiltration of the portal tracts of varying severity, consisting primarily of lymphocytes and plasma cells (24). Characteristically, there is extension of the portal inflammatory infiltrate into the adjacent lobule with destruction of the limiting plate (24, 25). This is known as interface hepatitis or piecemeal necrosis. 

Additionally, there may be varying degrees of lobular inflammation, particularly in acute presentations of the disease (24). It may be focal in distribution, or in more severe cases, confluent necrosis may be seen, where the necrosis involves masses of contiguous cells distributed in a certain region of the lobule.  These regions may link adjacent portal tracts and central veins (“bridging” necrosis). In very severe cases, the necrosis may affect entire lobules to yield multi-lobular necrosis (26). Rosettes may also be observed when there is accompanying regeneration of hepatocytes (24) . 

Fibrosis is usually present in all but the mildest form of AIH and it can result as a complication of both interface hepatitis and confluent necrosis and is useful in establishing the “chronicity” of the disease process. Cirrhosis at presentation is seen in up to 40% of patients (11, 27, 28). It should be noted that advanced fibrosis/cirrhosis can be accompanied by ongoing inflammation and hence when cirrhosis supervenes, the picture can be described as either “active” cirrhosis or “inactive/burnt-out” cirrhosis. Patients with active cirrhosis benefit from treatment (6). 




[image: A][image: ]
[bookmark: _Toc507418474]Figure 1.1 Histological Slides of the Liver in AIH.  Left Panel: Interface hepatitis with a plasma cell infiltrate. Right Panel: Rosette formation.  Reproduced courtesy of Prof D Gleeson

[bookmark: _Toc290238651][bookmark: _Toc294596327][bookmark: _Toc464311927][bookmark: _Toc464311991][bookmark: _Toc485375269]
Diagnosis
There is no pathognomonic feature in AIH but rather the diagnosis is based on a combination of compatible biochemical, serological and histological features, together with the exclusion of other liver diseases (29). The International Autoimmune Hepatitis Group (IAIHG) developed a scoring system that weights different clinical, biochemical and histological parameters, in addition to response to treatment (24, 29) and patients are classified as “definite” or “probable” AIH (Table 1.1). The “definite” category conforms closely to “classic” AIH whereas the “probable” category allows for a diagnosis of AIH in a broader population of patients who may not have conventional autoantibodies or who have mild disease and in those who may have complicating aetiological factors (24). It is important to note that the diagnosis of “probable” AIH does not reflect a difference in the validity of the diagnosis or its treatment response (30).

Although initially designed primarily as a research tool to enable comparison between study populations, it has been widely utilised in the clinical setting. However, the original scoring system is cumbersome and hence the IAIHG developed and validated a simplified scoring system for use in clinical practise (31) (Table 1.2). The simplified score has since been validated by many groups world-wide (32-36) and although useful, it has been found to be less sensitive for the diagnosis of “probable” AIH.    



	Parameter/Feature
	Score
	Parameter/Feature
	Score

	Female sex
	+2
	Drug history
Positive
Negative
	
-4
+1

	ALP:AST (or ALT) ratio
<1.5
1.5-3.0
>3.0
	
+2
0
-2
	Average alcohol intake
<25g/day
>60g/day
	
+2
-2

	Serum globulins or IgG above normal
>2.0
1.5-2.0
1.0-1.5
<1.0
	

+3
+2
+1
0
	Liver histology
Interface hepatitis
Predominantly lymphoplasmacytic infiltrate
Rosetting of liver cells
None of the above
Biliary changes
Atypical features
	
+3
+1
+1
-5
-3
-3

	ANA, SMA or LKM-1
>1:80
1:80
1:40
<1:40
	
+3
+2
+1
0
	Other autoimmune disease(s) 
In either patient or first degree relative
	
+2

	AMA positive
	-4
	Optional additional parameters
Seropositivity for other defined antibodies
HLA DR3 or DR4
	
+2
+1

	Hepatitis viral markers
Positive
Negative
	
-3
+3
	Response to therapy
Remission alone
Remission with relapse
	
+2
+3

	
	
	Interpretation of aggregate scores
Pre-treatment:    Definite AIH
                          Probable AIH
Post-treatment:  Definite AIH
                           Probable AIH
	
>15
10-15
>17
12-17


[bookmark: _Toc464323786][bookmark: _Toc507417404]Table 1.1  Modified Diagnostic Criteria for Autoimmune Hepatitis. Modified from Alvarez et al. 1999 (29). Reproduced by courtesy of Dr D Gleeson

                                                                                                                               
	Feature/Parameter
	Discriminator
	Score

	ANA or SMA+
	> 1:40
> 1:80
	+1
+2

	IgG or immunoglobulin level
	> upper limit of normal
>1.1 upper limit
	+1
+2

	Liver Histology
	Compatible with AIH
Typical of AIH
	+1
+2

	Absence of viral hepatitis
	No
Yes
	+0
+2


[bookmark: _Toc464323787][bookmark: _Toc507417405][bookmark: _Toc290238652]Table 1.2 Simplified Diagnostic Criteria for Autoimmune Hepatitis. Modified from Hennes, Zeniya, et al. 2008 (31). Reproduced by courtesy of Dr D Gleeson

[bookmark: _Toc294596328][bookmark: _Toc464311928][bookmark: _Toc464311992][bookmark: _Toc485375270][bookmark: _Toc290238653][bookmark: _Toc294596329][bookmark: _Toc464311929][bookmark: _Toc464311993]Treatment
[bookmark: _Toc485375271]Aim of Treatment
Untreated, AIH often progresses onto cirrhosis, and death as a result of liver failure. Controlled clinical trials published in the early 1970’s proved the benefit of prednisolone in dramatically improving survival (5, 6, 37). The aim of treatment is to suppress the inflammatory process within the liver, thereby preventing progression to cirrhosis and liver failure, hence improving survival. Treatment is given to initially induce, and thereafter maintain remission. Absence of, or “minimal” (portal inflammation with no or minimal interface hepatitis) inflammation on liver biopsy is thought to prevent progression of fibrosis and this is the desired outcome of treatment and what defines histological remission (6). Serum transaminases and γ-globulin/IgG are often used as surrogate markers for determining severity of inflammation. Initially, serum transaminases below 2xULN were used to define biochemical remission (6, 38). However, in recent years it has emerged that patients who have mild elevations in transaminases (>ULN but <2xULN) have a higher risk of relapse on drug withdrawal in addition to a worse long-term outcome (39, 40).  These findings have led to the redefinition of biochemical remission to require normalisation of serum  transaminases and γ-globulin (41). 

However, even with the normalisation of AST and IgG, up to 50% of patients still have residual inflammatory activity (more than “minimal” activity) (42). Furthermore, it has been shown that progression of fibrosis during treatment is associated with ongoing histological activity (43) and conversely, regression of fibrosis is associated with suppression of inflammatory activity (44). Therefore achieving histological remission may be the desired outcome of treatment.  Definitions of remission, response and relapse are set out in Table 1.3. 


	[bookmark: _Toc290238654][bookmark: _Toc294596330]

	Response
	Definition


	
	

	Clinical Remission
	Disappearance of symptoms 


	Biochemical Remission
	Normalisation of serum transaminases (ALT, AST) and γ-globulin


	Histological Remission
	“Minimal” chronic hepatitis (portal inflammation with no/or  minimal interface hepatitis) or normal tissue


	Complete Response
	Either or both of the following: marked improvement of symptoms and return of serum AST/ALT and γ-globulin values to normal within 1 year and sustained for at least a further six month, or a liver biopsy specimen at some time during this period showing at most minimal activity(29)


	Incomplete Response
	Improvement in clinical and biochemical features but not satisfying criteria for complete response 


	Treatment Failure
	No improvement or worsening of clinical, biochemical or histological features despite compliance with therapy


	Relapse
	After a “complete” response as above: either of the following: increase in serum transaminases by any level with the reoccurrence of symptoms or increase of serum transaminases to more than 2XULN or liver histology specimen showing active disease(29)


[bookmark: _Toc464323788][bookmark: _Toc507417406][bookmark: _Toc464311930][bookmark: _Toc464311994]Table 1.3 Definitions of remission and relapse in Autoimmune Hepatitis

[bookmark: _Toc485375272]Standard Treatment Regimens for the Induction of Remission
For the induction of remission, prednisolone as monotherapy (starting at 60mg/day, titrating down to 20mg/day maintenance) or in combination with azathioprine (AZA) (starting at 30mg/day, titrating down to 10mg/day maintenance with AZA 1mg/kg/day), is the mainstay of therapy, with comparable remission rates between the two groups (Relative Risk (RR) 0.98; 95% CI 0.65-1.47) (45). Evidence for this comes largely from two clinical trials performed at the Mayo Clinic (6, 46), that proved these treatments were superior to placebo, AZA monotherapy or titrated dose prednisolone in inducing remission and improving survival. These were the first studies to report on rates of clinical, biochemical and histological remission as an outcome of treatment, as the other early trials used survival as the primary outcome (5, 6, 37). The details of these studies are provided in Table 1.4 and a detailed discussion of remission rates is undertaken in Section 1.3.5. 

The finding that prednisolone is superior to AZA monotherapy in inducing remission is not surprising if the mechanisms of action of the drugs are considered. Corticosteroids act rapidly on the immune system by inhibiting T-lymphocyte activation and interfering with cytokine production (47). AZA on the other hand, exerts its effect mainly by blocking the maturation of lymphocyte precursors within the bone marrow with little effect on already mature lymphocytes in the peripheral circulation. Hence, it can take three or more months to become fully active (47). 



	First author, journal, year
	            Intervention
	Treatment     Duration 
(months)
	Patients 
   (n)
	Remission
   n (%)
	Mortality
   (%)

	Cook, Quarterly J of Medicine, 1971
	Prednisolone 15mg/day

No intervention
	30-72 
	22

27
	-

-
	14

56

	Soloway, Gastroenterology, 1972
	Prednisolone 60mg/day 1 week, 40mg/day 1 week, 30mg/day 2 weeks, 20mg/day maintenance

Prednisolone 30mg/day 1 week, 20mg/day 1 week, 15mg/day 2 weeks, 10mg/day maintenance+ azathioprine 50mg/day

Azathioprine 100mg/day

Placebo
	3-42
	18


14



14

17
	8 (44%)


3 (21%)



1 (7%)

0 (0%)
	6


7



36

41

	Murray-Lyon, Lancet, 1973
	Prednisolone 5mg tds

Azathioprine 75mg
	24
	22

25
	-

-
	5

24

	Summerskill, Gut, 1975*¥
	
Prednisolone 60mg/day 1 week, 40mg/day 1 week, 30mg/day 2 weeks, 20mg/day maintenance









Prednisolone 30mg/day 1 week, 20mg/day 1 week, 15mg/day 2 weeks, 10mg/day maintenance+ azathioprine 50mg/day









Prednisolone in titrated doses given on alternate days

	
6
12
24
36


6
12
24
36


6
12
24
36


6
12
24
36


24
	
30
29
24
20


30
29
24
20


30
27
26
23


30
27
26
23


22
	Biochemical#
16 (53%)
20 (70%)
18 (75%)
14 (70%)

Histological
4 (13%)
9 (31%)
13 (54%)
11 (55%)

Biochemical#
18 (60%)
19 (70%)
19(73%)
17 (74%)

Histological
1 (3%)
8 (30%)
16 (62%)
16(70%)


Biochemical#
14 (64%)
Histological
4 (18%)
	


-





[bookmark: _Toc464323789][bookmark: _Toc507417407]Table 1.4 Summary of Randomised Controlled Trials for the Induction of Remission in patients with Autoimmune Hepatitis. *patients had differing length of time included in study and results are provided according to time in study. ¥ all except four patients in Soloway 1972(6) study were also included in this study.  # Biochemical remission defined as AST <2xULN. Table reproduced, with modifications, from Lamers et al, 2010(45).
[bookmark: _Toc290238655][bookmark: _Toc294596331][bookmark: _Toc464311931][bookmark: _Toc464311995][bookmark: _Toc485375273]Side Effects of Standard Treatment
Prednisolone is associated with numerous side-effects, which include osteoporosis and fractures, diabetes and hyperglycaemia, dyslipidaemia and cardiovascular disease, weight gain and Cushingoid appearance, adrenal insufficiency, cataracts and glaucoma, myopathy, peptic ulcer bleeding, pancreatitis,  and psychiatric disturbances. Prednisolone toxicity is related to both, the average dose, and the cumulative duration of use (48).  In prednisolone treated AIH patients, severe side-effects necessitating cessation of therapy occur in approximately 13% and include psychosis, osteoporosis induced fractures, brittle diabetes and labile hypertension (41). These side-effects are more common in patients treated with high dose prednisolone compared to the combination regimen with lower dose prednisolone (6). Furthermore, cosmetic side-effects are common, and include development of Cushingoid appearance and weight gain, hirsutism and alopecia, with up to 80% of patients being affected (6, 41). Although these side-effects do not necessitate treatment withdrawal, it can be distressing to the patient and may affect compliance with treatment. The withdrawal of prednisolone can reverse many of these side-effects (49).

AZA associated side-effects requiring withdrawal occur in up to 17% of patients (50-52), and are related to severe bone marrow suppression or drug intolerance due to severe nausea, vomiting, anorexia, flu-like symptoms, and severe arthralgia. Rarer side effects include pancreatitis (53) and cholestasis (9, 54). 

Bone marrow suppression, manifest usually as leucopenia, can occur at any time during treatment and hence patients require regular monitoring with full blood count measurements. Mild leucopenia is common, occurring in up to 50% of patients (49, 50), and does not necessitate treatment withdrawal, although dose reduction may be necessary.   

AZA use is associated with an increased risk of the development of lymphoma and non-melanoma skin cancers (55). In patients with inflammatory bowel disease (IBD) treated with thiopurines (AZA and mercaptopurine), the standardised incidence ratio (SIR) of lymphoma was found to be 5.71 (95% confidence interval (CI) 3.72-10.1), with patients under 30 having the highest relative risk (SIR 6.99, 95% CI 2.99-16.4) (56). It should be noted that although there is an increase in the relative risk, the absolute risk remains very low, with one extra lymphoma in every 300-1400 years of thiopurine treatment (57). In the single study of lymphoma risk among patients with AIH, there were five cases of lymphoma in the 473 patients studied, with a SIR of 13.09 (95%CI 4.22-30.56), but a definite relationship to AZA could not be established as two of the five patients had no AZA exposure, and in one patient, there was only a short exposure (2 months) prior to development of lymphoma (58).  

[bookmark: _Toc290238656][bookmark: _Toc294596332][bookmark: _Toc464311932][bookmark: _Toc464311996][bookmark: _Toc485375274]Consequences of Treatment Withdrawal
Although the Mayo Clinic trials demonstrated that disease remission could be obtained, the question of treatment duration and the consequences of treatment withdrawal remained unanswered. Two early studies reporting on the outcome of treatment withdrawal in a total of 82 patients, who had been maintained in remission on either prednisolone monotherapy in combination with azathioprine, found that between 48-87% of patients relapsed within two years of treatment withdrawal (59, 60). This high rate of relapse has been confirmed by more recent retrospective studies (28, 61, 62). 

Normalisation of serum AST, γ-globulin and IgG at time of drug withdrawal is associated with a 3 to 11-fold decrease in risk of relapse, although 70% of patients achieving this still relapsed following drug withdrawal (40). Longer treatment duration prior to drug withdrawal has also been suggested to increase the likelihood of maintaining drug-free remission, with 67% of patients who had treatment for more than four years being able to sustain remission versus only 17% in those treated for 2-4 years and 10% in those treated for 1-2 years (61). Factors found to be associated independently with relapse include time to initial remission of more than five months, failure to maintain consistently normal transaminases during remission and the  presence of more than 25% of  portal inflammatory infiltrate consisting of plasma cells (28). 


Most patients respond well to re-institution of therapy and re-attain disease remission, but death as a consequence of a severe relapse has been reported in two cases (28, 60). Additionally, patients who repeatedly relapse have higher rate of progression to cirrhosis, requirement for liver transplant and death from liver-related complications compared to those who achieved sustained remission (36% vs 3%) (62). 

[bookmark: _Toc290238657][bookmark: _Toc294596333][bookmark: _Toc464311933][bookmark: _Toc464311997]The high propensity for AIH to relapse is not surprising as although corticosteroids and azathioprine are able to suppress inflammatory activity, they do not actually alter the underlying pathogenic mechanisms, hence leading to disease reactivation following withdrawal of treatment.
[bookmark: _Toc485375275]Maintenance of Remission with Azathioprine Monotherapy	
As there is a high propensity for AIH to relapse after treatment withdrawal, patients often need treatment for long periods or even indefinitely. As long term steroid use is associated with significant side-effects (as discussed above), efforts were directed at finding the optimal method of maintaining remission, with the lowest toxicity profile. With this in mind, the King’s College group embarked on a randomised controlled trial, in 47 patients who had maintained biochemical and histological remission for at least one year with standard therapy, comparing the administration of azathioprine at the higher dose of 2mg/kg/day with the withdrawal of prednisolone against continuing on the combination of prednisolone and azathioprine (1mg/kg/day) (63). At the end of the 1 year period, there was no difference in liver function tests or histology between the groups. Due to concerns of the long-term side-effects of high dose azathioprine use, in 1995 the same group reported data on the 10-year follow-up of 72  patients treated in a similar manner (49). 83% of patients were able to be maintained on azathioprine 2mg/kg/day as monotherapy over a median follow-up of 67 months. In addition, there were significant benefits in withdrawing prednisolone, with a reduction of Cushingoid facies and weight in 44% of patients and the reversal of corticosteroid-induced hypertension in three patients. Although 56% of patients experienced symptoms associated with the withdrawal of prednisolone, mostly arthralgia or myalgia, none of these patients requested reintroduction of prednisolone. The higher dose of azathioprine was generally well tolerated with only four patients developing myelosuppression, all reversible on withdrawal of azathioprine (49). No increased risk of lymphoma or malignancy was found during the follow-up period.

Ideal management beyond the induction of remission stage remains a subject of some debate, with some believing that all adult patients should be given the opportunity to maintain a drug-free remission (41), while others favour long-term treatment with immunosuppression (49). 

[bookmark: _Toc290238658][bookmark: _Toc294596334][bookmark: _Toc464311934][bookmark: _Toc464311998][bookmark: _Toc485375276]Efficacy of Current Standard Therapy and Importance of Achieving Adequate Disease Control
Patients with treated AIH have a generally good medium-term outcome, with 10-year survival rates reported to be up to 93%, similar to that for age- and gender- matched controls (64, 65). However, more recently published studies have shown that longer-term survival (beyond 15 years) is reduced compared to matched controls (9, 66), with one study reporting 20-year survival from liver-related death/transplant of 70% at 20 years (66). Factors associated with liver-death or transplant include the presence of cirrhosis (28, 66), failure to normalise ALT within 12 months, more than 4 relapses per decade (66), and lower ALT or AST at presentation (17, 28).

Furthermore, it has been reported that between 10-40% of patients progress to cirrhosis despite treatment (9, 28, 64, 66). Patients who developed cirrhosis were less likely to have consistently normal transaminases compared to those that did not develop cirrhosis (28% vs 70%), and were more likely to have relapsed during treatment (36% vs 10%, p=0.04) (28). Additionally, the development of cirrhosis was found to be an independent predictor of poor outcome (odds ratio (OR) 23, 95% CI 1.7-307) (28).   

The true incidence of complete remission with treatment is difficult to assess as until 2010, biochemical remission only required serum transaminases to be less than 2xULN and many of the retrospective studies do not report on follow-up histology. Although the Mayo Clinic trials (6, 46) included regular histological assessment, in the early trial (6) there was considerable heterogeneity in length of time of inclusion (range 3-42 months), with only 13 of the 18 patient in the prednisolone monotherapy and 3 of the 14 patients in the combination therapy group included for more than 12 months, hence explaining the low remission rates shown in Table 1.4. A more accurate picture can be obtained from the follow-up study (46) as more patients were included and there was a longer follow-up period. Here, the histological remission rate was reported to be 84% at 36 months in the prednisolone and combination treatment groups (46). However, patients who had failed treatment were not included in this calculation, hence leading to an over-estimation of treatment efficacy. If all patients who were treated are included, the histological remission rate is 58% (29/50) at 24 months, increasing to 63% (27/43) at 36 months. It should be noted, as shown in Table 1.4, that histological remission tended to lag behind biochemical remission (defined as AST<2xULN in this study). 

If just biochemical remission is considered, a retrospective analysis of 473 Swedish patients revealed that 60% of patients achieved normalisation of ALT within 12 months, and patients who had failed to normalise ALT had a worse outcome with higher rates of death or transplant (p<0.0001) (9). However, an Italian study of 163 patients with a mean follow-up of 80 months, found that only 26% of their patients achieved sustained normalisation of ALT, compared to 73% achieving ALT <2xULN (12, 67). Furthermore, there was evidence of progressive liver disease in the 54.5% of patients whose ALT failed to normalise, compared to only 4% of those who achieved normal ALT (67). 

Taking all these factors into account, it is evident that the current standard treatment regimens are inadequately controlling disease in many patients and alternative treatment strategies are needed in order to improve the long-term outcome in these patients.  
[bookmark: _Toc290238659][bookmark: _Toc294596335][bookmark: _Toc464311935][bookmark: _Toc464311999]
[bookmark: _Toc485375277]Improving Treatment Response by Modifying Standard Therapy
[bookmark: _Toc290238660][bookmark: _Toc294596336][bookmark: _Toc464311936][bookmark: _Toc464312000][bookmark: _Toc485375278]High Dose Prednisolone in Combination to Azathioprine
A single centre in Germany has reported on its experience in 92 patients without cirrhosis, using 1mg/kg/day of prednisolone that is rapidly tapered to a maintenance dose of between 5-10mg/day over a period of three months, in combination with AZA 1-1.5mg/kg/day (68). Normalisation of AST was achieved by 77% of patients, with a further 13% achieving levels below then 2xULN by six months. Prednisolone is stopped after one year if biochemical remission was obtained and azathioprine monotherapy was used until histological remission was confirmed. The reported 5 year transplant free survival was 100%. Unfortunately, the details of prednisolone-associated side-effects were not reported. The results of this experience are encouraging and, if the side-effect profile acceptable, this approach warrants further investigation. 


[bookmark: _Toc290238661][bookmark: _Toc294596337][bookmark: _Toc464311937][bookmark: _Toc464312001][bookmark: _Toc485375279]Improving the Efficacy of Azathioprine 
Azathioprine Metabolism
AZA is a pro-drug that undergoes extensive intracellular activation by a multi-enzymatic process in order to form the active metabolites, 6-thioguanine nucleotides (TGNs), as depicted in Figure 1.2. After an oral dose, AZA is non-enzymatically converted to mercaptopurine (6MP). 6MP is then metabolised by three different competing pathways. Two of these pathways lead to the production of inactive metabolites; firstly, the conversion by xanthine oxidase (XO) into thiouric acid and; secondly by thiopurine methyltransferase (TPMT) into methylmercaptopurine (MeMP), which is also inactive.  The active metabolites are produced via the third pathway; conversion of 6MP by hypoxanthine phosphoribosyl transferase (HPRT) to mercaptopurine nucleotide, which is then metabolised through of series of further conversions into the TGN metabolites. Mercaptopurine nucleotide is also metabolised by TPMT to form methylmercaptopurine nucleotides (MeMPNs). 

The TGN metabolites act as purine antagonists, and are responsible for the cytotoxic and immunosuppressive effects of azathioprine. Incorporation of TGN into DNA is the primary mode of overt cytotoxicity (69, 70). TGN induces apoptosis of activated T lymphocytes by inhibition of intracellular signalling pathways, specifically blockade of Rac1 activation (71) and selectively inhibits inflammatory gene expression (72). MeMPN is a potent inhibitors of de novo purine synthesis but its exact role in immunosuppression is not fully understood (73).

The amount of the active TGN metabolites produced, and therefore the level of immunosuppression achieved for a given dose of AZA, is hence determined by the activity of XO, HPRT and TPMT.  There is little inter-individual variation in the activity of XO. However, the inhibition of XO by the drug allopurinol will result in higher levels of the active metabolites. Although HPRT is a well-studied enzyme, there is only very limited information on the influence of HPRT activity on patients taking AZA. In patients with an inherited complete deficiency of HPRT (Lesch-Nyhan syndrome), AZA is not cytotoxic (74).   

TPMT activity is highly variable between individuals, as it is under the control of a common genetic polymorphism inherited in an autosomal codominant pattern. In Caucasians, the frequency of distribution of TPMT activity is trimodal (Figure 1.3): 89% of the population are homozygous for the wild-type allele and have high enzyme activity, 11% are heterozygous with intermediate enzyme activity and 0.3% inherit two variant alleles, resulting in no functional activity (75, 76). Individuals who lack functional TPMT activity produce grossly elevated concentrations of TGNs and experience profound myelosuppression on standard doses of thiopurines (77, 78). The clinical significance of heterozygosity is in the TPMT gene is not clear as some studies have shown an association between heterozygosity and AZA related myelotoxicity (79) whilst others have not (50, 52, 80, 81). Whilst the genotype/phenotype concordance is high in the homozygous variant allele patients (with all patients having low TPMT enzyme activity), there is poorer genotype/phonotype concordance in the wild-type homozygous and heterozygous groups, with some patients who are heterozygous exhibiting high enzyme activity, whilst some homozygous wild-type patients exhibiting intermediate enzyme activity.

Since this common genetic polymorphism was first described in 1980 (76), there have been 24 variant alleles discovered that result in TPMT deficiency (82), many of which are thought to be sporadic mutations, with only four variant alleles commonly seen- the *2, *3A, *3B and *3C variant alleles. The *3A is the most commonly seen mutation in Caucasians (83), with other populations exhibiting different frequencies of these mutations. 

In recent years, deficiency of another polymorphic enzyme, inosine triphosphate pyrophosphatase (ITPA), has been associated with the occurrence of AZA induced adverse events (84-87). ITPA catalyses the pyrophosphohydrolysis of inosine triphosphate (6-TITP) to inosine monophosphate (6-TIMP) (Figure 1.2). ITPase deficiency leads to the abnormal accumulation of thioinosine metabolites (6-TITP) with the potential for adverse effects. However, the role of the ITPA polymorphisms in the occurrence of AZA-related side-effects in AIH has not been previously studied


[image: ]
[bookmark: _Toc507418475]Figure 1.2 Metabolism of Azathioprine: After non-enzymatic cleavage to mercaptopurine, there is further metabolism by three separate competing pathways. Two of these pathways lead to the production of inactive metabolites; firstly, the conversion by XO into thiouric acid and; secondly by TPMT into methylmercaptopurine (MeMP), which is also inactive.  The active metabolites are produced via the third pathway; conversion of HPRT to mercaptopurine nucleotide, which is then metabolised through of series of further conversions into the TGN metabolites. Mercaptopurine nucleotide is also metabolised by TPMT to form methylmercaptopurine nucleotides (MeMPNs), which is an inhibitor of de novo purine synthesis. TPMT = thiopurine methyltransferase, HPRT = hypoxanthine phosphoribosyl transferase, XO= xanthine oxidase. 
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[bookmark: _Toc507418476]Figure 1.3 The trimodal distribution of thiopurine methyltransferase (TPMT) activity in units per ml of red blood cells, as measured in 298 randomly selected adult blood donors. This is controlled by the presence of wild-type (TPMTH) and variant low activity (TPMTL) alleles. 89% of the population are homozygous for the wild-type allele and have high enzyme activity, 11% are heterozygous with intermediate enzyme activity and 0.3% inherit two variant alleles, resulting in no functional activity. Modified from Weinshilboum, 1980 (76). Reproduced courtesy of L Lennard. 

Measuring TGN and MeMPN metabolites to improve efficacy
As the formation of TGN metabolites is highly variable between individuals for a given dose (88), theoretically, it may be possible to improve treatment outcome by tailoring treatment based on TGN levels. Currently, the therapeutic TGN level in AIH is unknown and there have only been two studies examining the relationship between TGN levels and response to treatment (52, 81). In both these studies, patients were on long-term maintenance treatment with either azathioprine monotherapy or combination of azathioprine and prednisolone. No differences in measurements of TGN levels were found in either study between patients who were able to maintain remission on azathioprine monotherapy compared to those with an ongoing need for prednisolone. In one of the studies it was noted that, although partial responders (defined as AST between 1-5x ULN) were treated with approximately 50% higher doses of azathioprine compared to complete responders (normal AST), the TGN metabolites levels were similar but the MeMPN levels were significantly higher, suggesting the possibility of a shift towards production of methylated metabolites with increasing azathioprine dose (52). A shifted metabolism has been noted in Inflammatory Bowel Disease and is thought to be associated with a lack of treatment response (89). Thus, it may be possible that non-response to azathioprine may be due to variations in drug metabolism and that these patients probably will not respond to further increases in the dose of azathioprine, but rather require alternative treatment. However, this has not been specifically studied in AIH. Furthermore, there have been no studies assessing the utility of measuring azathioprine metabolites during the induction stage of treatment. 


Using an increased dose of azathioprine
[bookmark: _Toc290238662][bookmark: _Toc294596338][bookmark: _Toc464311938][bookmark: _Toc464312002]During the induction of remission with combined prednisolone and AZA therapy, the dose of AZA used is usually 1mg/kg/day. The 2010 American Association for the Study of Liver Diseases (AASLD) guidelines suggest that a dose of between 1-2mg/kg/day may be used (41). However, the use of the higher dose of AZA (2mg/kg/day) has not been previously studied and this may be a potential therapeutic strategy to improve the efficacy of treatment and warrants further investigation. 

[bookmark: _Toc485375280][bookmark: _Toc290238663][bookmark: _Toc294596339][bookmark: _Toc464311939][bookmark: _Toc464312003]Improving Treatment Response with Alternative Therapies
[bookmark: _Toc485375281]Budesonide
Budesonide is a second generation corticosteroid with a 90% first-pass metabolism in the liver and, theoretically, is associated with a more favourable side-effect profile compared to prednisolone. The results of a multi-centre randomised control trial involving 208 patients, with all patients receiving AZA 1-2mg/kg/day, were randomised to either receive prednisolone (starting at 40mg tapering down to 10mg) or budesonide (starting at 9mg/day, reducing to 6mg on achievement of biochemical remission) have been recently published (90). Patients with cirrhosis were excluded as the first-pass metabolism of budesonide may be reduced because of shunting of portal blood. At six months, 60% of patients treated with budesonide achieved normalisation of serum transaminases versus only 38.8% of patients in the prednisolone group. Additionally, the incidence of steroid-related side-effects were lower in the budesonide group compared to the prednisolone group (28% vs 53.4%, p<0.001). After six months, all patients were converted to budesonide but unfortunately, the rate of biochemical remission at the end of the one year period was not reported. Furthermore, histological assessment while on treatment was not performed and hence the true response rate and longer term effect of budesonide remains unknown. However, given the encouraging early results, it may prove to be an attractive alternative to prednisolone and further studies are warranted. 

[bookmark: _Toc290238664][bookmark: _Toc294596340][bookmark: _Toc464311940][bookmark: _Toc464312004][bookmark: _Toc485375282]Mycophenolate Mofetil 
Mycophenolate mofetil (MMF) is the pro-drug of mycophenolate acid, which is an inhibitor of inosine monophosphate dehydrogenase, the rate limiting enzyme in de novo purine synthesis of guanine nucleotides, which is required for the proliferation of lymphocytes (91). It is used mainly in organ transplantation for the prevention of rejection. In AIH, its use has been reported in patients who are either intolerant or non-responsive to azathioprine. Based on small case series, MMF appears to have a role in patients who are intolerant to azathioprine as it has been shown to induce biochemical remission in 43%-88% of patients (defined as AST<2xULN) (92, 93). However, it appears to be ineffective in inducing remission in patients who are azathioprine non-responders, with one study reporting no patients achieving biochemical remission after switching to MMF (93) and another reporting only 25% of patients achieving biochemical remission (92). This finding is perhaps not unexpected, as azathioprine and MMF share a similar mechanism of immunosuppression as they both act by inhibiting purine synthesis. 
 

In the only published prospective evaluation of the role of MMF as first line therapy in AIH, 109 treatment-naive patients were treated with MMF, in combination with prednisolone (94). Initial complete response (normalisation of ALT and IgG) was achieved in 102 (94%), but in 24 patient, there was a relapse during prednisolone taper, and hence these patients were prednisolone dependent. Follow-up histology was available in 35 (32%) of patients, but the rate of histological remission is unknown as “minimal” and “mild” activity were reported as a single category (with 31/35 (89%) having minimal or mild activity on follow-up biopsy). Treatment withdrawal was attempted in 40 patients, after five years of treatment, and 30 (75%) of these patients remained in remission off treatment after 24 months. While these results are encouraging, there needs to be further evaluation prior to MMF being recommended as a first line therapy, as it is considerably more expensive compared to AZA, is contra-indicated in pregnancy and the long-term side effects of MMF in AIH are unknown (95). However, as a second-line therapy for patients who are intolerant to AZA, it appears to be a reasonable alternative.

[bookmark: _Toc290238665][bookmark: _Toc294596341][bookmark: _Toc464311941][bookmark: _Toc464312005][bookmark: _Toc485375283]Tacrolimus
[bookmark: _Toc294596342][bookmark: _Toc464311942][bookmark: _Toc464312006]Tacrolimus, a macrolide immunosuppressant, is a potent calcineurin inhibitor with a powerful inhibitory effect on CD4+ T helper cells. It is mainly used in the prevention of transplant rejection but there have been reports of its use as salvage therapy in non-responsive AIH. A report of 9 patients who had refractory disease (defined as ALT>2xULN despite 3 months of standard combination therapy) found that it significantly reduced ALT, histological inflammatory activity and fibrosis stage after 12 months of therapy (96). Prednisolone was able to be reduced to 7.5mg from 20mg in all patients, no patients experienced severe side-effects and creatinine levels were stable. In an open-labelled trial of 21 treatment naive patients treated with tacrolimus monotherapy, ALT had reduced by 80% at three months but there was an increase in serum creatinine(97). A recent study, 7 out of 9 patients with severe AIH and early treatment failure treated with as salvage therapy responded (98). Hence, there appears that there is a role for tacrolimus as salvage therapy in patients who are unresponsive to standard therapy and this warrants further investigation.

[bookmark: _Toc485375284]Conclusion
Although current treatment does dramatically reduce mortality in AIH, it has emerged in recent years that long-term transplant-free survival in these patients is reduced and this appears to be related to inadequate disease control. Recently, the definition of biochemical remission has been altered to require the normalisation of serum transaminases and γ-globulins. Early reports utilising the revised definition of remission suggest significantly lower remission rates than previously reported (9, 67). Additionally, in studies where histological remission was assessed, only 63% achieved histological remission at 36 months (46). Studies are needed to accurately quantify the true remission rate in treated AIH and ideally, these should also include histological assessment. The current treatment regimen is largely based on a single randomised trial involving only 63 patients (6), performed over 30 years ago, prior to the discovery of hepatitis C and it is possible that this is not the “ideal” treatment strategy for patients with AIH. Improving treatment success may involve a modification of the current treatment regimens or it could be that an alternative treatment strategy may be more effective. Whichever the case, there is a clear need for further studies comparing the various therapeutic options. Ideally, these would be large multi-centre trials, but lessons should be remembered from the trials of the 1970’s and 1980’s - well-designed single-centre studies do have the ability to be of high impact and set the course of treatment. 


[bookmark: _Toc294596343][bookmark: _Toc464311943][bookmark: _Toc464312007][bookmark: _Toc485375285]
 Aims and Objectives
The aims and objectives of this thesis is as follows:
Firstly, to assess the efficacy and toxicity of current immunosuppressive regimens by retrospective analysis of a single-centre experience in treating AIH, with specific reference to
i) efficacy of “standard” immunosuppressive therapy at inducing histological remission and identification of factors associated with histological remission and good outcome
ii) efficacy of MMF as alternative treatment for AIH, either in those intolerant or non-responsive to azathioprine

Secondly, to attempt to improve efficacy of azathioprine by studying
i) azathioprine metabolite concentrations during the induction phase of treatment to determine if there is a threshold concentration that confers with histological remission
ii) azathioprine metabolite concentrations in patients on maintenance treatment to establish if there is a threshold concentration that confers with the ability to maintain patients in steroid-free remission
iii) relationship between TPMT and ITPA genotype, azathioprine metabolites and the development of azathioprine-related adverse events

[bookmark: _Toc485375286]Materials and Methods
[bookmark: _Toc485375287]Patient Recruitment
Patients with a diagnosis of AIH presenting since 1971 to the Liver Unit at the Royal Hallamshire Hospital (RHH) were identified by searching established clinical databases for AIH.  There are two databases for AIH patients at RHH; one on Microsoft Access which includes all patients treated for AIH since 2000 to the present date. The other is on Microsoft Excel and includes all patients diagnosed between 1971 and 2008. 

Patients were eligible for inclusion into the study if they had received treatment for AIH. For each study participant, demographic information in addition to details of disease presentation, drug therapy, biochemical and histological response to treatment, and outcome was extracted from the medical records or the clinical databases (Table 3.1).  This information was directly collated onto a Microsoft Excel spreadsheet. All available liver biopsies were reviewed by a single pathologist and were staged and graded according to the Ishak criteria (99) (Table 3.2). Additionally, the biopsies were also scored using the IAIHG criteria (Table 1.1) (29). 

Patients with AIH who were continuing to attend liver clinics at the RHH and who had received treatment with azathioprine were also invited to participate in the azathioprine metabolite study, with written information being provided to each patient (Appendix 1: Patient Invitation Letters, Appendix 2: Participant Information Sheet) and written consent was obtained from those willing to participate (Appendix 3: Consent Form). 
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Study Code Number:               Date of Birth:                   Sex:                   Ethnicity:

	Presentation
Date of Presentation:                      Presenting Symptoms:                           
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LFT’s   bili:               ALT:                 AST:                alb:               glob:

	Histology
Date 1st Biopsy:                     LFT’s  bili:         ALT:            AST:         alb:        glob:
Necroinflammatory Grade:                               Fibrosis Stage:
Date 2nd Biopsy:                     LFT’s  bili:         ALT:            AST:         alb:        glob:
Necroinflammatory Grade:                               Fibrosis Stage:
Date 3rd Biopsy:                     LFT’s  bili:         ALT:            AST:         alb:        glob:
Necroinflammatory Grade:                               Fibrosis Stage:

	Treatment
Prednisolone: Date Started:                              Starting Dose:
                        Date Dose Change:                    Dose:
Azathioprine: Date Started:                              Starting Dose:
                        Date Dose Change:                    Dose:
Other Immunosuppressant’s: Name:
                        Date Started:                              Starting Dose:
                        Date Dose Change:                    Dose:


	Biochemical Remission
Date of normalisation of    ALT:                     AST:                   glob:

	Relapse
Date:            ALT:           AST:         Details of Management:              Date Normalised:

	Date last follow-up:             Weight at last follow-up:                          Outcome:           


[bookmark: _Toc507417408]Table 3.1 Performa of details that was collected for each patient meeting the inclusion criteria.
	Necroinflammatory Grade


	A. Periportal or periseptal interface hepatitis (piecemeal necrosis)
Absent 
Mild (focal, few portal areas) 
Mild/moderate (focal, most portal areas) 
Moderate (continuous around 60% of tracts or septa) 
Severe (continuous around >50% of tracts or septa) 

	
0
1
2
3
4

	B. Confluent necrosis
Absent 
Focal confluent necrosis 
Zone 3 necrosis in some areas 
Zone 3 necrosis in most areas 
Zone 3 necrosis+occasional portal-central (P-C) bridging 
Zone 3 necrosis+multiple P-C bridging 
Panacinar or multiacinar necrosis 

	
0
1
2
3
4
5
6

	C. Focal (spotty) lytic necrosis, apoptosis and focal inflammation
Absent 
One focus or less per 10 x objective 
Two to four foci per 10 x objective 
Five to ten foci per 10 x objective 
More than ten foci per 10 x objective 

	
0
1
2
3
4


	D. Portal inflammation
None 
Mild, some or all portal areas 
Moderate, some or all portal areas 
Moderate/marked, all portal areas 
Marked, all portal areas 

	
0
1
2
3
4

	Fibrosis Stage


	No fibrosis 
Fibrous expansion of some portal areas, with or without short fibrous septa
Fibrous expansion of most portal areas, with or without short fibrous septa
Fibrous expansion of most portal areas with occasional portal to portal (P-P) bridging
Fibrous expansion of portal areas with marked bridging (portal to portal (P-P) as well as portal to central (P-C))
Marked bridging (P-P and/or P-C) with occasional nodules (incomplete cirrhosis)
Cirrhosis, probable or definite 

	0
1
2
3
4

5
6



[bookmark: _Toc507417409]Table 3.2 Ishak Histological Criteria for Necroinflammatory Grading and Fibrosis Staging of  Chronic Hepatitis (99)

	Study No
	Hosp No
	Date Biopsy 

	Ishak Score

	Necroinflammatory Grade
	Fibrosis Stage

	Interface Hepatitis
Confluent Necrosis
Focal Necrosis/Inflammation
Portal Inflammation
	
	Score
	

	
	
	Comments: 

	
	
	

	
	
	

	Total Necroinflammatory Score
	
	

	Histological IAIHG Scoring

	Chronic active hepatitis with piecemeal necrosis
                                              -with lobular involvement and bridging necrosis
                                              -without lobular involvement and bridging necrosis
Rosetting of liver cells
Marked/predominant plasma cell infiltrate
Biliary changes
Other changes suggestive of a different pathology
	
+3
+1

	
	+1

	
	+1

	
	-1

	
	-3

	Total Histological IAIHG Score
	

	Steatosis 

	Grade (circle appropriate)      ]
0     1      2     3
	Predominant Zone (circle appropriate)               1       2       3


[bookmark: _Toc507417410]Table 3.3 Histological assessment of liver biopsy samples carried out by pathologist





[bookmark: _Toc485375288]Ethics
This study was divided into two main parts: (1) a retrospective analysis of our centres experience in treating AIH and (2) a study of azathioprine metabolism. The retrospective analysis of our experience was registered with Clinical Governance and ethical approval was not required. The study of azathioprine metabolism was approved by the Sheffield Research Ethics Committee; reference no 9/H1308/102. 

[bookmark: _Toc294596346][bookmark: _Toc485375289]Treatment Regimen
Patients with active AIH are treated initially with prednisolone, starting at a dose of between 10-60mg (41, 100), with the starting dose being dependent on severity of disease activity. The dose is gradually tapered down to a maintenance dose of 10mg, with the rate of taper guided by the fall in serum transaminase activity. Liver function tests are measured frequently, initially weekly for the first four weeks, then fortnightly for the subsequent eight weeks, then monthly for the subsequent three to six months, then two-to-three monthly. Azathioprine, at a dose of 1mg/kg, is added once the serum transaminases start to improve. Full blood counts are measured initially weekly for the first four weeks, then fortnightly for the subsequent eight weeks, then monthly for the subsequent three months, then three monthly for as long as patient remains on azathioprine. Due to the time lag between biochemical remission and histological remission of between six to twelve months, patients in biochemical remission usually undergo a liver biopsy after 2-3 years of treatment to assess for histological remission. Once histological remission is confirmed, azathioprine is increased to 2mg/kg and prednisolone is gradually tapered down with an aim of complete withdrawal, while maintaining normal ALT activity. 
A proportion of patients will be intolerant of azathioprine (defined in Section 3.7). Since 2003, MMF has been used as an alternative to azathioprine in some of these patients. Furthermore, a proportion of patients will not respond to the above immunosuppressive regimen (defined in Section 3.5). There is no defined alternative treatment protocol for these patients but often alternative immunosuppressants will be tried in order to achieve better control of disease activity. Alternative immunosuppressants tried include budesonide, cyclosporine, cyclophosphamide, MMF and tacrolimus.     

[bookmark: _Toc294596347][bookmark: _Toc485375290]Definition of Biochemical and Histological Remission
Biochemical remission is defined as normalisation of serum ALT (ALT<33 IU/ml).  Histological remission is defined as the presence on minimal activity (Ishak necroinflammatory score (NIS) ≤3) on liver biopsy.

[bookmark: _Toc294596348][bookmark: _Toc485375291]Definition of Relapse
[bookmark: _Toc294596349]Relapse is defined using the IAIHG criteria as either (i) recurrence of symptoms of sufficient severity to require re-introduction or increase of immunosuppression accompanied by any increase in serum transaminase levels or (ii) an increase in the serum transaminase levels to more than two times the upper limit of normal (29). 

[bookmark: _Toc485375292]Definition of Non-Response
Non-response is defined as either (i) failure of transaminases to normalise; (ii) ongoing histological activity on follow-up liver biopsy; (iii) increase in transaminases when prednisolone dose weaned despite 2mg/kg of azathioprine; or (iv)frequent disease relapse. 
[bookmark: _Toc294596350]
[bookmark: _Toc485375293]Definition of Azathioprine Intolerance
Azathioprine intolerance is defined as the occurrence of side-effects necessitating discontinuation or dose reduction of the drug. This is most commonly due to drug intolerance due to severe nausea, vomiting, anorexia, flu-like symptoms, and severe arthralgia or and severe bone marrow suppression, usually manifest as leucopenia. Leucopenia was defined as a decrease of WCC to <3.0x109/l or the absolute neutrophil count (ANC) to <1.5 x109/l. Hepatotoxicity or pancreatitis may also occur. 

[bookmark: _Toc485375294]Blood Sample Processing
2x6ml lithium heparin samples were obtained from patients at recruitment and at each subsequent clinic visit.  The samples were kept refrigerated until processing, which occurred within three days. An aliquot of 500 µl was used for a full blood count (Avida blood counter, Department of Haematology, Sheffield Children’s Hospital). 6 ml of whole blood was divided into 2x3mls aliquots and stored at -80ºC for AZA metabolite analysis.  

The remaining blood was processed for use for genotyping (TPMT and ITPA) and TPMT activity determination. In order to separate the plasma from the red and white blood cells, the blood was initially centrifuged at 1500rpm for 5 minutes at 4ºC. The plasma was removed and stored at -80ºC. The buffy coat of white blood cells (WBCs) was removed to another 1.5ml cryovial and 2 volumes of Hanks Balanced Salt Solution (HBSS) was added. To the remaining packed red blood cells, two volumes of 0.9% normal saline was added and the vials gently mixed. The vials were then centrifuged at 1500rpm for 5 minutes at 4ºC and the supernatant discarded. This step was done twice. One volume of HBSS was added to the white blood cells and they were then stored at -80ºC ready for genotyping.  One volume of normal saline was added to the packed red blood cells (RBCs), the vials were gently mixed and 500µl was aliquoted into another plug cap tube for a full blood count. The RBCs were then lysed by adding 200µl aliquots of the resuspended cells to 800µls ice-cold MilliQ water in four eppendorfs. These were first vortex mixed and then centrifuged in a mini centrifuge in a cold room at 4ºC at 1400rpm for 10 minutes. The clear supernatant was then carefully removed from each Eppendorf using a Pasteur pipette and stored in two 1.5ml cryovials at -80ºC ready for use for the TPMT enzyme activity assay. 

[bookmark: _Toc485375295]Azathioprine metabolite assay
The extraction and quantification of thiopurines by High Performance Liquid Chromatography (HPLC) was first  described by Lennard (101) and then later modified by Lennard and Singleton (102).  The whole blood that was stored at -80ºC was defrosted over ice. A volume of blood containing 4x108 RBCs was added, using a positive displacement pipette, to a 10ml screw neck tube containing 300µl 10mM dithiothreitol (DTT) and 500µl MiliQ water. The purpose of the DTT was to keep the thiopurines reduced as their oxidation would prevent quantification. 500µl 1.5M sulphuric acid was then added and the tubes were heated at 100ºC for an hour. This hydrolyses the thiopurine nucleotides to form the parent thiopurines. Once the samples are cooled, 500µl of 3.3M sodium hydroxide was added, with a target pH of 12.2-12.4, which allows for the most effective extraction of the thiopurines. 6mls of toluene containing 7.5% amyl-alcohol and 0.09% phenyl mercury acetate (PMA) mixture was then added. The PMA forms an adduct with the thiopurines, making them more readily soluble in toluene/amyl alcohol. The tubes were then sealed and shaken gently for 20 minutes, after which the mixture was transferred to round bottom tubes and centrifuged for 10 minutes at 1880 rpm at 4ºC. 5ml of the toluene layer was removed to a Sarstedt 12ml conical tube, 200µl 0.1M hydrochloric acid (HCl) was added, and the tubes were sealed and vortexed for 80 seconds, to allow for back extraction of the thiopurines into the HCl. The samples were then centrifuged for 10 minutes at 1880 rpm at 4ºC and the toluene layer was then discarded. 

[bookmark: _Toc485375296]High Performance Liquid Chromatography
Using an auto-injector, 50µl of extracted thiopurines in 0.1M HCl was injected every 10 minutes into a stream of mobile phase (5% of methanol with 14ml/L of trimethylamine followed by orthophosphoric acid to a pH of 3.2). The mobile phase passes through the stationary phase column and then into an ultraviolet light (UV) detector, in which the metabolites are identified by their characteristic UV absorbance and retention time. Thioguanine (derived from TGN) is measured at 342nm, with a retention time of 3.5 minutes, mercaptopurine at 322nm and a retention time of 4.1 minutes, and methylmercaptopurine (derived from MeMPN) at 300nm and a retention time of 6.4 minutes (Figure 3.1). 

A calibration curve was created for each assay using  blood spiked with specific concentrations of thioguanine stock solution (0ng, 10ng, 20ng, 50ng, 100ng and 200ng)  and mercaptopurine stock solution (0ng, 100ng, 200ng, 500ng, 1000ng and 2000ng). Full calibration curves were included at the beginning and end of the assay.  AZUR programme (Kromatek, Essex, UK) was used to predict the value of the metabolites in the patient samples using the calibration curves produced. The lower limit of detection and quantification for the assay for TGN was 6 and 30pmol/8x108RBCs respectively and MeMPN was 15 and 60pmol/8x108RBCs respectively. 

Included in each assay were two quality control samples of control blood which were spiked with known amounts metabolites (one containing 50ng thioguanine of and 500ng of mercaptopurine, and the other containing 200ng thioguanine of and 2000ng of mercaptopurine), which were run in the middle of the assay. This was done to ensure the accuracy of metabolite measurements in each assay. Additionally, to measure assay precision, included in each assay was a patient quality control sample, prepared using pooled patients blood. This allowed for measured metabolites to be compared between assays to ensure consistency of metabolite measurements. The coefficient of variation (CV) (standard deviation/mean x 100%) for TGN and MeMPN for the quality control pooled patient sample was 8.6% and 7.7% respectively, from 55 assays run over the study period.

Additionally, all samples (samples for the calibration curve, quality control samples and patient samples) were processed in duplicate.   The variability of the two results was calculated ( (high value-low value) / high value x 100%). If the variability of the quality control was greater than 20%, the results of the whole assay were disregarded and all samples were to be repeated (this did not occur on any of the assays done in this study). Patient samples with variability of greater than 20% were repeated, and the initial results are disregarded.  

Samples are known to remain stable when stored at -30°C for at least six months. 
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[bookmark: _Toc507418477]Figure 3.1 HPLC chromatogram showing measurement of thioguanine (TG), mercaptopurine (MP) and methylmercaptopurine (MeMP) for a patient sample. The metabolites are identified by their characteristic retention times: Thioguanine (TG) has retention time of 3.5 minutes, mercaptopurine (MP) of 4.1 minutes and   methylmercaptopurine of 6.4 minutes. The area under the peak is proportional to the amount of substance present. Calibration graphs are constructed by computer software, using blood spiked with specific concentrations of thioguanine stock solution (0ng-200ng) and mercaptopurine stock solution (0-2µg). 

[bookmark: _Toc485375297]TPMT Activity Measurement
TPMT activity was measured by HPLC, as previously described, and subsequently modified, by Lennard (103, 104). The assay is based on TPMT-catalysed conversion of 6MP to MeMP, using S-adenosyl-L-methathione (SAM) as the methyl donor. Briefly, in 10ml screw neck test tubes, 100µl of red cells lysates were added with 90µl of 400µg/ml solution of 6MP in 0.01M HCl and 15µl 250mM sodium phosphate buffer. The tubes were then pre-incubated for 5 minutes at 37ºC. Following this, 32µl of SAM/DTT were added to each tube and incubated for one hour. The TPMT reaction was stopped after the hour by adding 850µl of ice cold 3.5mM DTT and 500µl of 1.5M H2SO4 and placing the tubes on ice. The MeMP reaction product is then extracted into toluene containing 1.1 mmol/L of amyl alcohol and then back extracted into 200µl of 0.1mmol/L HCl and quantified by HPLC, with mobile phase containing 40% of methanol with 100mM of trimethylamine followed by orthophosphoric acid to a pH of 3.2. A single unit of TPMT activity is defined by the formation of 1nmol of MeMP per hour of incubation per ml of packed RBCs at 37ºC (104).  Each patient sample was done in duplicate, and a healthy adult TPMT quality control sample and standard curves were run with each analytic run.  The lower limit of detection and quantification was 6 pmol/8x108RBCs (0.75 units TPMT per ml packed RBCs).




[bookmark: _Toc485375298]TPMT and ITPA Genotyping
The TPMT gene is located on the short arm of chromosome 6, at position 22.3 (6p22.3) (Figure 3.1). The TPMT*3 family of mutations are genotyped by amplification of exons 7 and 10 of the TPMT gene, as previously described (105). TPMT *3B and *3C are single nucleotide polymorphisms (460G>A and 719A>G respectively). TPMT*3A is an exon 7 and exon 10 double mutant.  

The ITPA gene is located on the short arm of chromosome 20, at position 13 (20p13) (Figure 3.2). The ITPA 94C>A and IVS2+21A>C variant alleles were genotyped by amplification of exon and intron 2 of the ITPA gene, using the technique stated below. 











[bookmark: _Toc507418478]Figure 3.2 Molecular location of the TPMT gene on chromosome 6 (Credit: Genome Decoration Page http://www.ncbi.nlm.nih.gov/genome/tools/gdp)




[image: ]
[bookmark: _Toc507418479]Figure 3.3 Molecular location of the ITPA gene on chromosome 20 (Credit: Genome Decoration Page http://www.ncbi.nlm.nih.gov/genome/tools/gdp)


[bookmark: _Toc485375299]DNA Extraction
DNA extraction was done using the NucleonTM BACC1 kit (GE Healthcare Life Sciences). The previously prepared WBCs, once thawed, were transferred to a 1.5ml eppendorf tube. 1ml of lysis buffer, called Reagent A, was added which works to break down cellular membranes to enable release of its contents. The sample was mixed by inverting 10 times and the centrifuged for 5 mins at 4000rpm in a Microcentaur Microcentrifuge (MSE, Sanyo, UK). The supernatant was then discarded, and 700µl of Reagent A was added to the pellet and the previous steps were repeated. 

Next, 350µl of a sodium chloride buffer, Reagent B, was added to the pellet and was then whirlimixed to re-suspend the pellet. To release the DNA from the cell nucleus, 100µl sodium perchlorate was added to the solution and mixed by inverting ten times. 600µl chloroform was then added and mixed by inverting ten times, to precipitate the proteins. 150µl of resin is then added and centrifuged for 1 minute at 2000rpm. The resulting upper aqueous layer of DNA is transferred to a fresh 1.5ml eppendorf.  To precipitate the DNA into the form of a pellet, 1ml of ethanol is added and mixed by inverting ten times, followed by centrifuging for 10 mins at 13000. The supernatant is discarded and the eppendorf is placed in a water bath at 65ºC for 20 minutes to evaporate off any remaining ethanol. Finally 50µl miliQ water is added and mixed to re-suspend the pellet and the sample is placed in a water bath for 30 mins. The extracted DNA sample may be stored at -20ºC until ready to be assayed. 

[bookmark: _Toc485375300]DNA Amplification
The extracted DNA is next amplified, by polymerase chain reaction (PCR), using intron based synthetic oligonucleotide primers, custom made by Sigma-Aldrich® (USA), containing sequences complimentary to the target region (Table 3.4), with a forward and a reverse primer used for each exon. For each patient, exon 7 and exon 10 of the TMPT gene, and exon and intron 2 of the ITPA gene was amplified. 

PCR master mix is prepared, as shown in Table 3.5, multiplied by the number of reactions being done. The SAHARATM DNA polymerase kit (Bioline, UK) was used, which contained SAHARA DNA polymerase, 10X SAHARA Reaction Buffer, a proprietary Non-Tris incubation buffer, and a 50mM MgCl2 stock solution.  The 100mM dNTP (Bioline, UK) contained 25mM of sATP, dCTP, dGTP and dTTP, each at pH 7.5. 

24µl of the mastermix is then added to 0.5µl of extracted DNA into each well of an ABgene® PCR plate. For TPMT genotyping, each patient had two samples done, one for exon 7 and the 
other for exon 10. The plate was then tapped gently to ensure samples are well mixed. The wells are sealed using the PCR plate adhesive plastic film, AB-0558 (Thermo Scientific, UK). The PCR plate is then placed into a Biometra® T Gradient thermoblock (Biometra, Germany) where a programmed cycle of repeated heating and cooling allows for DNA amplification to occur. The samples are first heated to 94ºC for 10 mins (initial denaturation), then 35 cycles of the following occurs: 94ºC for 45 seconds (DNA strands denature), 60ºC for 45s (DNA strands anneal) and 72ºC for 45 seconds (DNA strands elongate) and finally at 72ºC for a further 10 minutes (final elongation). 


	Area Amplified 
	Primer
	
	Amplification Length

	TPMT Exon 7
	Forward
Reverse
	CTCCACACCCAGGTCCACACATT
GTATAGTATACTAAAAAATTAAGACAGCTAAAC
	326bp

	TPMT Exon 10
	Forward
Reverse
	AATCCCTAGTGTCATTCTTCATAGTATTT
CACATCATAATCTCCTCTCC
	437bp

	ITPA Exon/Intron 2
	Forward
Reverse
	CGTAGAAGAGATAGAGAAGCAAGG
CTCCACTTACAGGTCGCATTC
	532bp


[bookmark: _Toc507417411]Table 3.4 Primers used for DNA amplification 


	TPMT master mix 
	ITPA master mix

	16.5µl sH2O
2.5µl PCR buffer
0.5 µl 25mM dNTPs
2.35µl 50 mM MgCl2
1µl 20µmol forward primer
1µl 20µmol reverse primer
0.5µl 4u/µl Taq polymerase
	17.5µl sH2O
2.5µl PCR buffer
0.5 µl 25mM dNTPs
1.5µl 50 mM MgCl2
1µl 20µmol forward primer
1µl 20µmol reverse primer
0.5µl 4u/µl Taq polymerase


[bookmark: _Toc507417412]Table 3.5 Composition of the master mix used for DNA amplification


[bookmark: _Toc485375301]Enzyme Restriction
Mutations in the TPMT gene are identified using specific type II endonucleases, Methanobacterium wolfeii (Mwo I) (Biolabs Inc., USA) for exon 7 and Acinetobacter calcoaceticus (Acc I) (Biolabs Inc., USA) for exon 10 that cut DNA at known sites, called the restriction sites. The Mwo I restriction site occurs in the wild type and not the mutated allele of exon 7, and hence it cuts exon 7 when the sample is wild-type.  Acc I cuts exon 10 when the mutation is present, as the restriction site appears in the mutated and not the wild type allele of exon 10 (Table 3.6). 

	Endonuclease
	Restriction site
	Wild-type
	Variant

	Mwo I
	GCNNNN▼NNGC
	GCATTAG▼ TTGC
	ACATTAG TTGC

	Acc I
	GT▼(A/C)(T/G) AC

	AT CTAC  
	GT ▼CTAC  



[bookmark: _Toc507417413]Table 3.6 Restriction site of endonucleases, Mwo I and Acc I. TPMT*3B is a single nucleotide polymorphism on exon 7 (460G>A). Mwo1 restriction site occurs in the wild-type allele. TPMT*3C is a single nucleotide polymorphism on (719G>A). Acc1 restriction site occurs in the variant allele. Mwo1 Methanobacterium wolfeii; Acc1 Acinetobacter calcoaceticus; ▼ denotes restriction site. 


Into new PCR plates, 10µl of PCR product is added to 15µl of the pre-prepared restriction enzymes and the plates are sealed. The exon 7 samples are digested at 60ºC for 4 hours in a thermocyclers and the exon 10 samples are digested at 37ºC for 4 hours in a warm room. Digested products were then analysed by agarose gel electrophoresis.

[bookmark: _Toc485375302]Agarose gel electrophoresis
4% polyacrylamide gels were prepared by mixing the following:
-10ml 10xTBE (gel running buffer)
-10ml 40% acrylamide/bis solution
-80ml H2O
-1ml 10% ammonium persulfate
-100µl Tetramethylethylenediamine TEMED

Into each well containing the sample, 1µl of gel loading dye is added. 4 µl Hyperladder IV is loaded onto one lane of the 4% polyacrylamide get and 10µl of the dyed sample, which was either the digested PCR product for TPMT genotyping or the PCR product for ITPA, was loaded into the remaining lanes. The samples are run on the gel for 35 minutes at 120 volts and then immediately stained in ethidium bromide for 15 minutes. They are then processed with a UV transilluminator, and photographs are printed for analysis. 

The acrylic blocks, gel plates, gel casting blocks, 15 1.5mm well combs and gel running tanks used were from the Mini-PROTEAN® System from Bio-Rad Laboratories Inc. (USA).   

Exon 7 (TPMT*3B) gave wild-type fragments of 226bp and 100bp. The variant allele of 326 bp, was not digested. Exon 10 (TPMT*3C) gave variant allele fragments of 268bp and 169bp. The wild-type at 437bp was not digested. TPMT*3A is an exon 7 and exon 10 double mutant (Table 3.6 , Table 3.7  and Figure 3.4). 

For the ITPA samples, a note was made of which samples amplified and the strength of the band (normal or weak).


	TPMT Genetic Polymorphism
	Exon 7 
Mwo1 Restriction Bands
	Exon 10 
Acc1 Restriction Bands

	*1*1
	
226bp
100bp
	437bp

	*1*3A
	326bp
222bp
100bp
	437bp
268bp
169bp

	*1*3C
	
226bp
100bp
	437bp
268bp
169bp

	*3A*3C
	326bp
226bp
100bp
	
268bp
169bp


[bookmark: _Toc507417414]Table 3.7 TPMT genetic polymorphism presentation on polyacrylamide gels. Reproduced courtesy of L Lennard. 
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[bookmark: _Toc507418480]Figure 3.4 Example of wildtype (*1*1) and heterozygous (*1*3A) restriction bands on polyacrylamide gels. Mwo1 restriction site on exon 7 occurs in the wild-type hence resulting in a cut, with resulting two bands of 226bp and 133 bp. The Acc1 restriction site on exon 10 occurs when there is a mutation present. Patient A is wildtype (*1*1) for TPMT, with the two fragments occurring in exon 7, and a single fragment on exon 10.  Patient B is TPMT *1*3A. *3A is an exon 7 and exon double mutation. On exon 7, the wild-type allele gave fragments of 226bp and 133 bp, and the variant allele, which was not digested, gave a fragment of 326bp. On exon 10, the wild-type allele was not digested, with a fragment of 437 bp, and the variant allele was digested, with resulting fragments of 268bp and 169 bp.        

[bookmark: _Toc485375303]ITPA gene sequencing
 A PCR product concentration of 200ng/ul was required for the sequencing. In a new PCR plate, for the samples with normal bands, 2µl of the PCR product is diluted with 8µl of sterile water and for those with weak bands, 5µl of the PCR product is diluted with 5µl of sterile water. The plate is then sealed and the samples were sequenced on an ABI 3730 capillary sequencer, using dye-primer technology (Applied Biosystems, Warrington, UK).

[bookmark: _Toc485375304]Statistical analysis
Statistical analysis was performed using Predictive Analytics Software (PASW) Statistics 18.0 for Windows (IBM SPSS Inc, Chicago), MiniTab 16 (MiniTab Inc., USA) and GraphPad Prism version 6.00 for Windows (GraphPad Software, USA). All results are presented as median (range), unless otherwise stated. Statistical comparisons were performed using the Mann-Whitney test for two unpaired continuous variables, and the Fishers Exact test or chi-squared test for dichotomous variables. Median differences (and the 95% confidence interval, CI) were calculated from the point estimates of all the median differences. Correlations were assessed by the rank Spearman correlation coefficient. All tests were two tailed and p was significant at 0.05. 




[bookmark: _Toc485375305]Long-term prognostic significance of persisting histological activity despite biochemical remission in autoimmune hepatitis 
[bookmark: _Toc485375306]Introduction
Autoimmune hepatitis (AIH) if untreated, often progresses to cirrhosis and death from liver failure. Controlled trials from the1970s showed that treatment with prednisolone +/- azathioprine, improved survival (5, 6, 37).  It is commonly believed that the outlook of treated AIH is now good, with some studies suggesting that 10- year survival in treated AIH is similar to that of the general population (51, 64).  However, two recent studies suggest that survival declines during the second decade of disease (9, 66). 

The aim of treatment in AIH is to suppress liver inflammation, thereby preventing progression to cirrhosis and liver failure. Serum transaminases are surrogate markers for severity of inflammation. As observational studies have demonstrated associations between persistent mild (1-2xULN) serum transaminases elevations and adverse clinical outcomes (39, 40, 66), the desired treatment endpoint of complete normalisation of transaminases is now widely accepted (41, 100). Elevations of ɣ-globulin or IgG  may also indicate ongoing inflammatory activity (42) and thus, biochemical remission is now defined as normalisation of serum transaminases and ɣ-globulin or IgG (41) .

Histological remission is also a desired treatment endpoint. The Mayo Clinic trial (which included 6 monthly follow-up liver biopsies) showed that histological remission lagged behind biochemical remission by several months and was achieved by only 60% of patient after two years treatment with prednisolone +/- AZA (6).  In subsequent studies (42, 106), 55-75% of patients on treatment who had achieved normalisation of serum transaminases had (usually mild) persisting histological activity on follow-up liver biopsy.

The significance of such persisting activity is unclear.  It has been associated with progression or with failure of regression of fibrosis in some (43, 44, 65), although not all (42) studies . We are unaware of any published data linking persisting inflammation to clinical outcome. Perhaps because of uncertainty regarding its significance, many centres no longer routinely perform follow-up biopsy in patients with treated AIH, and consider normalisation of serum transaminases and globulin/IgG as adequate evidence of disease remission. 

Our unit’s policy, in patients with AIH achieving biochemical remission on treatment and who were in good health, has been to recommend a follow-up liver biopsy to confirm histological remission before withdrawal of corticosteroids. The primary aim of this study was to evaluate the long-term prognostic significance of persisting histological activity. 

[bookmark: _Toc485375307]Patients and Methods
[bookmark: _Toc485375308]Study Population
The study was part of a retrospective audit (formally registered in 2006) of management and outcome of patients with AIH attending the RHH Liver Unit.  All patients had been under the care of one of the two Liver Unit consultants (DG and MAK). 
Patients attending the RHH Liver Unit were eligible for inclusion if they (a) had probable or definite AIH based on the revised IAIHG criteria (29) and incorporating an initial  diagnostic liver biopsy and (b) had a further “follow-up” liver biopsy performed whilst on treatment, and after they achieved biochemical remission (defined as normal serum ALT and globulin (41)). Because histological improvement can lag behind biochemical improvement (6), we excluded patients in whom follow-up biopsy was performed with less than six months of ALT normalisation. One hundred and twenty (48%) out of 249 patients with AIH presenting between 1979 and 2010 were included.

Of the 129 excluded patients, 12 were not treated due to mild disease, 25 were either not in biochemical remission (n=24) or were for less than 6 months (n=1) at time of repeat biopsy, 16 had either untraceable biopsy material (n=15) or an inadequate follow-up biopsy (n=1), five were initially treated elsewhere, with insufficient information available, and two patient had features more suggestive of Primary Biliary Cirrhosis on follow-up biopsy. 69 further patients did not undergo follow up liver biopsy. Of these, 27 were aged over 70 years when re-biopsy was due, three had severe comorbidity, two failed to achieve biochemical remission, 11 had decompensated liver disease at presentation or developed it within 2 years, 13 were followed up for  <30 months after diagnosis (12 died), 3 patients defaulted from follow up and two declined re-biopsy. In the remaining 8 patient the reason for not performing follow up biopsy was not clear from the records, however three patients were in their late 60s. 

All patients provided fully informed written consent for both biopsies.  No serious biopsy-associated complications occurred.

[bookmark: _Toc485375309]Treatment and Response
The treatment regimen is detailed in Section 3.3. Briefly, treatment for induction of remission was: prednisolone (30-40 mg/day tapered to 10 mg/day) plus AZA 1mg/kg/day until re-biopsy after approximately two years of treatment.  In patients with a good histological response, the AZA was then increased to 2mg/kg/day and the prednisolone weaned to the minimum required to maintain a normal ALT. It was not our policy to withdraw treatment. 

Thus, all patients received prednisolone, starting at median 30 (range 10-60) mg/day and all except two patients also received AZA 0.8 (0.3-2.1) mg/day.   Nineteen patients developed AZA intolerance and 12 of these then received MMF. Therefore, nine patients ultimately received prednisolone monotherapy and 111 received combination therapy. Details of treatment after the follow-up biopsy are presented in the Results section (Section 4.3.3). 

For the main analysis, we defined biochemical remission as normal serum globulin (<36 grm/L) and normal serum ALT. 54 U/L was the ULN in our laboratory between 2002 and 2011 when the majority of the follow-up biopsies were performed. We also analysed results using an ULN for serum ALT of 33 units/L. Relapse was defined by the AASLD criteria (41):  a serum ALT rise to more than 3xULN. 

[bookmark: _Toc485375310]Histological Assessments
Although follow up biopsies were available in all 120 patients, the diagnostic biopsies were unavailable in 14 for retrospective scoring (nine because of untraceable biopsy material and five because the biopsy was inadequate for scoring). In another patient, available tissue was inadequate to assess fibrosis stage at follow-up biopsy.  Hence paired diagnostic and follow-up liver biopsies were available for 105 patients.

All biopsies were reviewed by a single specialist liver pathologist (AKD) without reference to clinical details. Median biopsy length was 15 (range 4-50) mm and median number of portal tracts was 9 (1-34). Severity of inflammation and fibrosis was graded according to the Ishak score (99). Histological remission is defined as a histological activity index (HAI) of ≤3 and persisting histological activity as HAI≥4. Fibrosis regression and progression were defined as a decrease and increase respectively in Ishak fibrosis stage between the diagnostic and follow-up biopsies. 

Twenty-two biopsies were randomly selected to be reviewed by the same pathologist and a further 62 biopsies were reviewed by another pathologist (JECU) in order to measure the intra- and inter-observer agreement. For HAI, the weighted kappa was 0.66 and 0.73 for the intra- and inter-observer scores respectively, indicating substantial agreement (107, 108). For fibrosis, the weighted kappa was 0.55 and 0.47 respectively, indicating moderate agreement (107, 108). 

[bookmark: _Toc485375311]Statistical Analysis
The end point for analysis was the end of data collection (31 July 2012), for patients alive without liver transplant and under active follow-up (n=92), or at the point of liver transplantation or death (n=21). Patients moving out of area or defaulting from follow-up (n=7) were censored at their last clinic visit.

Statistical analysis was performed using Predictive Analytics Software (PASW) 18.0 for Windows (IBM SPSS Inc. Chicago). Categorical data are summarized as frequencies and percentages and continuous data as median (range).  Statistical comparisons were performed using the Mann-Whitney test for two unpaired continuous variables, Wilcoxon test for two paired variables and Fisher’s exact test or chi-squared test for dichotomous variables. Survival rates were calculated using the Kaplan-Meier method and compared using the log-rank test. Cox regression analysis was used to analyze the effect of different variables on death or liver transplantation. Variables which were p<0.1 on univariate analysis were further assessed by backward stepwise analysis to establish which were independently associated with the outcome. 

Standardised mortality ratio (SMR) was calculated using the general population age- and gender-specific overall mortality data for the South Yorkshire and Humberside region of England from the 1991 National Census (109).  From the census data, the expected deaths per year for age- and gender- was obtained, and based on this, the expected deaths for our patient cohort over the study period was calculated, using a Microsoft Excel spreadsheet. Briefly, patients were divided by gender and age groups (per decade), and expected deaths was obtained by multiplying the expected death rate per year by the number of years.  The SMR was obtained by dividing the actual deaths by the expected deaths (SMR= actual deaths/expected deaths). When calculating SMR due to non-liver deaths only, deaths in patients from non-liver causes were compared to total deaths in the general population. Since only about 2% in the latter are due to liver disease (110) this should lead to only a slight underestimation of SMR from non-liver causes. All tests were two-tailed and p was regarded as significant at 0.05. 

[bookmark: _Toc485375312]Results 
[bookmark: _Toc485375313]Histological Response to treatment 
Follow-up liver biopsies were performed after 26 (14-163) months of treatment and after 24 (6-101) months in maintained biochemical remission. HAI fell from 12 (3-18) to 3 (0-8), p=<0.001. Histological remission (HAI < 3) was achieved in 65 (54%) of the 120 patients on follow-up biopsy.  Of those with persisting histological activity, 52 (94.5%) patients had mild activity (HAI 4-6), two had a HAI of 7, and one a HAI of 8. 

As shown in Table 4.1, there were no differences between patients in histological remission and those with persisting histological activity in regard to (a) pre-treatment clinical, laboratory or histological parameters or (b) starting and cumulative dose of prednisolone, time to biochemical remission and the length of time in biochemical remission at time of follow-up biopsy.  



	
	
	Histological Remission   (n=65)
	Persisting Histological   Activity (n=55)
	P value

	[bookmark: _Toc464408663]At Presentation
	Age (yr)
	54 (10-77)
	59 (6-75)
	0.3

	
	Female, n(%)
	52 (80%)
	45 (82%)
	0.8

	
	IAIHG Score
	17 (10-21)
	17 (10-22)
	0.8

	
	IAIHG Histology score
	4 (1-5)
	4 (-2-5)
	0.5

	
	Autoantibodies positive, n(%)
ANA
SMA
LKM
None
	
40 (57%)
29 (41%)
1 (1.4%)
9 (13%)
	
31 (48%)
23 (36%)
0 (0%)
10 (16%)
	
0.39
0.59
1
0.8

	
	ALT, IU/L
	646 (58-2205)
	532 (58-2183)
	0.3

	
	Bilirubin, µmol/L
	50 (5-598)
	44 (7-560)
	0.7

	
	Globulin,  g/L
	43 (23-87)
	48 (30-71)
	0.1

	
	Albumin, g/L
	32 (10-44)
	33 (17-46)
	0.7

	
	
	Histological Remission   (n=65)
	Persisting Histological   Activity (n=55)
	P value

	Diagnostic biopsy
	HAI
	12 (4-18)
	11 (3-18)
	0.2

	
	Fibrosis stage
	3 (0-6)
	3 (0-6)
	0.9

	
	Cirrhosis at presentation, n(%)
	15 (27%)
	12 (24%)
	0.7

	
Prednisolone treatment
	Starting dose, mg/day
	30 (10-60)
	30 (15-50)
	0.5

	
	Cumulative dose at follow-up biopsy, g
	8.2 (2.1-25.1)

	8.2 (1.4-26.9)

	0.6

	Response
	Time to ALT normalisation, months
	1.8 (0-60)
	2.4 (0-47)
	0.4

	
	Time ALT normal at follow-up biopsy, months
	24 (6-82)

	24 (7-101)

	0.8

	At follow-up biopsy
	ALT, IU/L
	18 (7-52)
	24 (7-52)
	0.003

	
	AST, IU/L
	23 (12-47)
	27 (12-67)
	0.03

	
	Globulin, g/L
	28 (22-36)
	29 (20-36)
	0.8

	
	Change in globulin
	14
	18
	0.21


[bookmark: _Toc507417415]Table 4.1 Demographic and clinical features of patients who attained histological remission compared to patients who had persisting histological activity. Values are expressed as median (range) unless otherwise noted. 
Serum ALT and AST (but not serum globulin) at time of repeat biopsy were lower in those who attained histological remission, compared to those with persisting histological activity (Table 4.1).  HAI at follow-up biopsy was positively correlated with serum ALT (rs= 0.32, p=<0.001) and serum AST (rs=0.23, p=0.01). A receiver operating curve was constructed to determine if there was a threshold below which serum ALT or AST could accurately predict histological remission. Area under the curve (AUC) was 0.6 for both serum ALT and AST and no cut-off point with acceptable sensitivity or specificity was found. 

[bookmark: _Toc485375314]Histological Activity and Fibrosis Regression
Between diagnostic and follow-up biopsy, fibrosis stage fell from a mean of 3.2 (median 3, interquartile range 2-4.25) to 2.6 (median 3, interquartile range 1-4), p=<0.001. Fibrosis regressed in 49 (47%) patients, remained unchanged in 32 (30%), and progressed in 24 (23%) patients (Table 4.2). Fibrosis regression occurred more frequently in those who attained histological remission compared to those with persisting histological activity (60 vs. 32%, p=0.004).

On multivariate analysis, only the presence of histological remission at follow-up biopsy (OR 3.0 (95% CI 1.3-6.9); p=0.009) and bilirubin at diagnosis (OR 0.996 (95% CI 0.993-1.0); p=0.03) were independent predictors of regression of fibrosis. 


	
	                                                Fibrosis 
	    
        Total

	
	Regression
	Unchanged
	Progression
	

	Histological Remission 
	33 (60%)
	11 (20%)
	11 (20%)
	55 (100%)

	Ongoing Histological Activity
	16 (32%)
	21 (42%)
	13 (26%)
	50 (100%)

	Total
	49 (46.7%)
	32 (30.5%)
	24 (22.9%)
	105 (100%)


[bookmark: _Toc507417416]Table 4.2 Incidence of fibrosis regression and progression grouped by histological activity at follow-up liver biopsy.  Χ2= 10.9; p=0.004


[bookmark: _Toc485375315]Treatment after follow-up biopsy and subsequent relapse
Treatment after follow-up biopsy (Table 4.3) consisted of: (1) standard maintenance treatment (either increasing azathioprine from 1mg/kg/day to 2mg/kg/day (or, for patients on mycophenolate, increasing the dose) and weaning prednisolone down to the lowest dose required to maintain normal ALT or prednisolone 5-10mg/day in combination with azathioprine 1mg/kg/day); (2) enhanced treatment (maintaining prednisolone 10mg/day and increasing azathioprine from 1 to 2mg/kg/day) or (3) reducing/withdrawing treatment. This information was unavailable in two patients because of missing records.

Treatment was withdrawn in 9 patients 46 (3-212) months after follow-up biopsy. Of these, three had a disease relapse (two had achieved histological remission) and 6 did not relapse (5 had achieved histological remission).

109 patients continued maintenance treatment; 14(12%) of these had a relapse. HAI at follow-up biopsy was similar in those who had a relapse compared to those who did not relapse (3 vs. 3.5; p=0.8).


	
	Standard Maintenance Treatment, n (%)
	Enhanced Treatment, n (%)
	Reduced/Withdrawn Treatment, n (%)
	Total, n (%)

	Histological Remission
	53 (82.8%)
	3 (4.7%)
	8 (12.5%)
	63 (100%)

	Persisting Histological Activity
	31 (57.4%)
	21 (38.9%)
	2 (3.7%)
	54 (100%)

	Total
	84 (71.2%)
	24 (20.3%)
	10 (8.5%)
	118 (100%)


[bookmark: _Toc507417417]Table 4.3 Treatment received after the follow-up biopsy, for the whole cohort and according to histological activity at follow-up biopsy. Treatment information was not available for two patients. 

[bookmark: _Toc485375316]Prognostic Significance of Persisting Histological Activity
[bookmark: OLE_LINK6]Follow up was for 8.9 (2.2-33.1) years and was similar in those who did and did not attain histological remission (9.4 (2.2-33.0) vs. 8.0 (2.2-33.1) years, p=0.17).  20 patients (17%) died and one underwent liver transplantation. Causes of death are shown in Table 4.4. No haematological malignancies were observed. The 5-, 10- and 20- year survival rates from all cause death/transplantation and liver death/transplantation in the 120 patients were 95%, 90% and 64% respectively and 99%, 98% and 83% (Figure 4.1) respectively.  All-cause mortality was higher than in the 83 patients not undergoing follow-up biopsy (p<0.001, data not shown).  This is to be expected because the latter group were significantly older (mean age 59 vs 53 years p<0.001) and also included all patients who died or received liver transplants within 2 years of diagnosis (and therefore did not have a follow up biopsy). 


	Cause of Death
	Histological Remission
	Ongoing Histological Activity

	Liver Related:
Decompensated Cirrhosis
Variceal Haemorrhage
Hepatocellular Carcinoma
Liver Transplant
	



1
	
2
1
3


	Non-liver Related:
Ischaemic Heart disease
Infection
Malignancy (non-liver)
Old age
Dementia
	
5

1

1
	
1
1
4
1


[bookmark: _Toc507417418]Table 4.4. Causes of death according to histological status at follow-up biopsy




[bookmark: _Toc507418481]Figure 4.1 Transplant-free survival from all-cause and liver-related deaths for 120 patients with AIH. All-cause mortality is shown in black, and liver-related mortality is shown in grey. The 5-, 10- and 20- year survival rates from all cause death/transplantation and liver death/transplantation in the 120 patients were 95%, 90% and 64% respectively and 99%, 98% and 83% respectively.  



Patients attaining histological remission on follow-up biopsy had higher transplant-free survival (from all-cause death) than those who had persisting histological activity (p=0.04) (Figure 4.2A). This was also true when only liver related deaths/transplantation was considered (p=0.03) (Figure 4.2B). Six of the seven liver deaths/transplantation occurred in patients who had persisting histological activity. 

Cox regression analysis was performed, using age at diagnosis, gender, bilirubin, ALT, prothrombin time, albumin, globulin, HAI and fibrosis at presentation, time to ALT normalisation, number of relapses, and time ALT normal, ALT, fibrosis stage and presence of persisting histological activity at follow-up biopsy as variables.  For all-cause death, older age at diagnosis (p<0.001), fibrosis stage at diagnostic and follow-up biopsy (p=0.02 and 0.07 respectively), and ongoing histological activity (p=0.05) were significant on univariate analysis. On multivariate analysis, only older age at diagnosis (Hazard Ratio (HR) 1.2 (95% CI 1.1-1.3); p<0.001) and presence of persisting histological activity (HR 3.1 (95% CI 1.2-8.1); p=0.02) were independently associated with reduced transplant-free survival. 

For liver-related death/transplantation, bilirubin at presentation (p=0.06), fibrosis stage at diagnosis (p=0.06) and presence of persisting histological activity (p=0.06) were inputted into the multivariate analysis. On multivariate analysis, liver related death/transplantation was independently associated with serum bilirubin at presentation (HR 1.005 (95% CI 1.001-1.01) p=0.03); its associations with persisting histological activity (HR 9.7 (95% CI 0.84-111.6) p=0.07) and fibrosis stage at diagnosis (HR 3.0 (95% CI 0.93-9.82) p= 0.07) fell short of significance.

Overall, these 120 patients did not have an increased risk of death compared to age-and sex-matched general population (SMR 1.2, 95% CI 0.7-1.7). However, patients who had persisting histological activity were at higher risk of death/transplantation compared to patients who were in histological remission (SMR 1.4 vs. 0.7; p<0.05). Six of the 13 (46%) observed deaths among patients who had persisting histological activity were due to liver disease.  SMR as a result of non-liver deaths only in patients with ongoing histological activity was 0.9. Even considering the approximately 2% underestimation here (see methods), this suggests that the excess mortality in these patients was due to liver disease.   

We assessed the effect of enhanced treatment on mortality in patients with persisting histological activity. There was no difference in all-cause death/transplant rate (p=0.12) or liver-related death/transplant rate (p=0.1) between those who had standard maintenance treatment (n=31) and enhanced treatment (n=21). 







[bookmark: _Toc507418482]Figure 4.2 Cumulative survival by stratifying patients according to attainment of histological remission (Ishak HAI ≤ 3) compared with ongoing histological activity (Ishak HAI ≥ 4) for (A) all cause death or transplant and (B) liver-related death or transplant. Patients attaining histological remission on follow-up biopsy had higher transplant-free survival (from all-cause death and liver-related death) than those who had persisting histological activity, p=0.04 and 0.03 respectively.  (p=0.04). 











[bookmark: _Toc485375317]Subgroup Analyses 
In order to test the robustness of our primary observation that persistent histological activity was predictive of mortality, we performed a number of sub-group analyses. Our ULN for ALT at our centre changed from 33 to 54 IU/L in May 2002.  As the majority of patients (63%) had their second biopsy after 2002, 54IU/L was used as the ULN for the main analysis. We also repeated the analysis using 33IU/L as the ULN for ALT; 104 patients met these criteria.  Of these, 58 (56%) attained histological remission, which remained independently associated with all-cause death/transplantation (HR 2.7 (95% CI 1.1-7.4); p=0.04). The relationship with liver related death/transplantation was not significant (p=0.12) but there were only five such events in this group, four in patients not attaining remission. Fibrosis regression occurred in 62% who attained histological remission, compared to 33% of those who did not (p=0.005).  

A previous study (42) has found that patients with mild persisting activity (HAI of 4 and 5) on follow up biopsy do not develop progressive fibrosis, raising the possibility that this may be an acceptable outcome of treatment. We therefore compared outcome in those who attained histological remission (HAI 0-3) with those who had a HAI of 4-5 (n=41). We found that the latter were less likely to achieve fibrosis regression than those with a HAI of 0-3 (27% vs. 60%; p=0.002). They also had significantly worse survival from all cause (p=0.03) and liver-related (p=0.04) death. Furthermore, HAI of 4-5 was independently associated with all-cause mortality (HR 3.5 95% CI1.3-9.4; p=0.01). 


[bookmark: _Toc485375318]Discussion
The main finding of this study, and a novel observation, is that in treated patients with AIH, persisting histological activity despite biochemical remission is an independent risk factor for reduced long-term transplant-free survival. These patients have an increased risk of death from liver disease, whilst patients who attain histological remission have no such increase. Even mild persisting activity (HAI of 4 or 5) remained associated with excess mortality.  

Previously reported adverse prognostic factors in AIH include cirrhosis (28), decompensation (66), <10-fold elevation of AST at presentation(17), failure to normalise transaminases with treatment (28, 39) and recurrent relapse (66). In the present study, only age at diagnosis and persisting histological activity were independent factors associated with reduced survival; we could not replicate associations with the above risk factors. This may be because the present cohort  is a  “favoured” subgroup  of our total AIH patient cohort, in that they had all had attained biochemical remission on treatment and were fit enough for a repeat liver biopsy. Mortality was much higher in the 129 excluded patients (10 yr survival 90% vs 65%; p<0.001). This is not surprising because the excluded patients included the 69 who did not have a follow up biopsy. These patients were significantly older (mean age 62 v 57 years p<0.001) and also included all patients who died or received liver transplants within 2 years of diagnosis (and therefore did not have follow up biopsy). Furthermore, the relapse rate was low (12%) in the patients included here, probably because most received long-term maintenance therapy after prednisolone withdrawal (49, 63). 

Continued fibrosis progression will lead to cirrhosis, a predictor of death/liver transplantation in patients with AIH (28, 66).  We did not find that fibrosis stage was an independent risk factor for mortality, suggesting that persisting inflammation rather than the associated fibrosis progression might be the primary cause of eventual liver failure and death. However, death, when it occurred, did so many years after the follow-up biopsy and we have no systematic information on liver histology at that stage. It is also possible that fibrosis severity was underestimated by the liver biopsy in some cases.

Nearly half our patients with treated AIH who achieved biochemical remission (normalisation of ALT and globulin) had persisting histological activity. We found no parameters that reliably predicted this. Although patients in histological remission had lower serum ALT and AST values at re-biopsy then those who were not, there were no values that could reliably predict remission. Likewise, serum globulin did not predict histological remission. We did not measure serum IgG at re-biopsy and hence, could not assess its predictive value in this regard. However, the value of measuring both ALT and IgG to predict histological activity has been studied by Luth et al (42), who found that only 33% of patients with both ALT and IgG normal had a corresponding HAI of 0-3, with the majority of patients having mild activity (HAI 4-5). Finally, we have confirmed the results of previous studies showing that treatment of AIH leads to a modest overall reduction of fibrosis severity and that this was more likely to occur in patients who achieved histological remission (44, 111).  

This study has some weaknesses. Firstly, it is retrospective and our results should be confirmed by prospective studies. Since histological remission was predictive only of mortality after 20 years, (see Fig 4.1) such prospective studies will take many years.  In the meantime however, our observation of an association between persisting histological activity and mortality requires replication in other centres with a policy of follow up biopsy and ideally, with serum IgG measurements at re-biopsy. 

Secondly, whilst in our centre, normalisation of serum ALT had always been the target of treatment, the ULN in our laboratory has varied during the 36 year span of the study. In the main analysis, we defined biochemical remission using our ULN for serum ALT of 54 UL over the period when most biopsies were done. However, applying a lower ALT ULN of 33 to our cohort and did not significantly change the proportion of patients attaining histological remission, nor did it undermine the associations between persisting inflammation and fibrosis progression, nor with mortality. Furthermore, irrespective of any definition of “biochemical remission” we have still shown that failure to attain histological remission on follow up biopsy is a better predictor of long term mortality than serum ALT or globulin at time of biopsy. 

Thirdly, the timing of follow-up biopsy varied widely, from 6 months to 22 years after serum ALT normalisation. However, this time was between 6 and 36 months in 84% of patients and did not differ between those who attained histological remission and those with ongoing activity (Table 4.1). Neither was it significantly associated with fibrosis regression or mortality on regression analysis and including or excluding it as a covariate did not affect the results (data not shown). Therefore, we think it unlikely that these factors have introduced any significant bias to our results. 

In summary, despite the necessary caveats because our study is retrospective, our results suggest, firstly, that confirmation of histological remission in treated AIH requires a follow-up liver biopsy. Secondly, the current standard treatment regimen we used failed to induce histological remission in 48% patients who had achieved biochemical remission. Finally, these patients (compared to those who did achieve histological remission) were less likely to achieve improvement in liver fibrosis and had significantly higher long-term mortality.  If this observation is confirmed, histological remission should be the aim of treatment in AIH. A follow-up biopsy should be considered in all patients, as biochemical remission is not a predictor of histological remission. 
 
It remains to be known how to best treat these patients who fail to attain histological remission with standard immunosuppressive treatment because it remains unclear if intensifying treatment will lead to improved long-term survival. We observed no association, in patients with ongoing histological activity, between improved survival and modest enhancement of immunosuppression after the follow-up biopsy. However, we interpret this retrospective finding with caution.  The patient numbers in this comparison were relatively small and until 2008, we did not have a consistent treatment strategy for these patients, as we had not appreciated the adverse prognostic significance of persisting mild histological activity. Since then our strategy has been to maintain prednisolone dose at 10mg/day and increase azathioprine to 2mg/kg/day, with re-biopsy after a further 12-18 months. We don’t know yet if this regimen will result in histological remission and reduction in mortality. Alternatively, such patients might be either sub-optimally compliant with therapy, something which could be addressed by measurement of azathioprine metabolites at re-biopsy. Or, they may be resistant to prednisolone plus azathioprine in conventional doses, and may need other drug regimens to achieve histological remission and so, prevent progression of liver disease. 



[bookmark: _Toc464408669][bookmark: _Toc485375319]Azathioprine metabolite steady-state during Initiation of Treatment in Patients with Autoimmune Hepatitis
[bookmark: _Toc485375320]Introduction
Autoimmune hepatitis (AIH) is a chronic inflammatory liver disease, characterised by a relapsing and remitting course and a high mortality if left untreated. Azathioprine, a potent immunosuppressant is commonly used as a ‘steroid sparing’ agent for the induction and maintenance of remission in autoimmune hepatitis. 

Azathioprine is a pro-drug that undergoes extensive intracellular activation by a multi-enzymatic process in order to form the active metabolites, TGNs (Figure 1.2, and as detailed in Section 1.4.2.1). TGN metabolites act as purine antagonists, with incorporation of TGN into DNA being the primary mode of overt cytotoxicity (69, 70). The ability to form TGN active metabolites after a dose of AZA is partially determined by variations in TPMT activity, which is under the control of a common genetic polymorphism inherited in an autosomal codominant pattern (as detailed in Section 1.4.2.1). 

Sparse data is available on AZA metabolism in AIH and on the utility of such measurements in predicting AZA toxicity. The aim of this study was to collect pharmacokinetic data on AZA in AIH in a prospective study. We aimed to (i) establish the time required to reach steady state of metabolite (TGN and MeMPNs) accumulation; (ii) establish steady-state metabolite concentrations during the induction of remission and (iii) study the effect of dose increase on the production of the metabolites.
[bookmark: _Toc485375321]Methods
The study was approved by the Sheffield Research Ethics Committee (09/H1308/102) and full informed written consent was obtained from participating patients.  

Patients were eligible for inclusion if they had a new diagnosis of probable or definite AIH based on the revised International Autoimmune Hepatitis Group criteria (29) and were commencing immunosuppressive therapy. Patients were recruited from the liver clinic at the RHH, Sheffield, between 2009 and 2012. The treatment regimen is detailed in Section 3.3. In summary, for the induction of remission, a combination of prednisolone starting at a dose of 30-60mg/day tapered down as the serum transaminases normalise to 10mg/day, and AZA 1mg/kg/day for approximately 2 years (6). AZA is then increased up to 2mg/kg/day (63) and prednisolone is gradually tapered with the aim to maintain remission on AZA monotherapy, usually after a liver biopsy to check for histological remission. 

At recruitment, blood samples (10ml lithium heparin) were taken for measurement of TPMT genotype, and AZA metabolite concentrations (method detailed in Sections 3.8, 3.9, 3.10, and 3.12). AZA metabolite concentrations were subsequently measured at each clinic visit throughout the study period, which ran from August 2009 to December 2012. At each clinic visit, body weight, dose of prednisolone and of AZA, full blood count and LFTs were also recorded. 
[bookmark: _Toc485375322]Data Analysis 
Individual datasets, containing the dose of AZA (mg/kg/day), number of weeks on AZA dose, TGN and MeMPN concentrations was constructed for each patient. A linear graph plotting TGN concentrations and duration of AZA treatment, in weeks, was then produced for each patient and these graphs were used to interpolate TGN values at specific time points (weeks 2,4,6,8,16,32,42,52,62,72,82,92 and 104). An example of this graph is shown in Figure 5.1. Interpolated results of each individual patient were then combined to calculate the mean and standard deviation of the metabolite concentrations for a given time period. Interpolated results were only obtained for the time period that metabolites were actually measured, for example, in a patient with metabolite measurements from only week 16; no values prior to week 16 were predicted. The combined mean results were plotted on a further graph and this allowed for visualisation of time taken to reach steady-state. For steady-state analysis, patients were analysed according to TPMT genotype and patients were included in the steady state analysis if there were at least three metabolite measurements available during the study period, even if AZA was later withdrawn.

To investigate the effect of dose increase, patients who had undergone an increase in AZA dose from 1mg/kg to 2mg/kg were identified and the steady state TGN concentrations before and after the dose increase were compared.




[bookmark: _Toc507418483]Figure 5.1 An example of graph for an individual patient showing the TGN concentrations, in pmol/8x108RBCs at measured time points after starting azathioprine at a stable dose. The solid circles indicate actual TGN measured, and the x indicates the interpolated results. Results were interpolated to obtain a TGN concentration at the specified time points that were being studied (weeks 2,4,6,8,16,32,42,52,62,72,82,92, and 104). In this patient, it was observed that the TGN concentration in the red blood cells rapidly increased after starting azathioprine, and then, as the metabolites were redistributed throughout the body, the concentration reduced and steady state was achieved by week 20.  

[bookmark: _Toc485375323]Statistical analysis
Statistical comparisons were performed using the Mann-Whitney test for two unpaired continuous variables. Median differences (and the 95% CI) were calculated from the point estimates of all the median differences.  Normally distributed data was described by mean and standard deviation, otherwise median values and data ranges are stated.  All tests were two tailed and p was significant at 0.05. Statistical analysis was performed using Predictive Analytics Software (PASW) Statistics 18.0 for Windows (IBM SPSS Inc, Chicago), and GraphPad Prism version 6.00 for Windows (GraphPad Software, USA). 


[bookmark: _Toc485375324]Results
Fifty-one patients were recruited during the induction of remission of AIH. Of the 51 patients, eight were heterozygous for the TPMT deficiency allele and the remaining 43 were TPMT wild-type. Azathioprine was withdrawn in ten patients, all TPMT wild-types, in eight because of gastrointestinal side-effects (nausea and upper abdominal pain), in one because of recurrent sepsis and in one due to flu-like symptoms. In two of these patients, metabolite levels were measured at 4 and 5 time points respectively and hence were included in analysis. There were no metabolites measured in the remaining 8 patients prior to AZA withdrawal. Additionally, there were insufficient samples available for the analysis of metabolite steady-state in a further 8 TPMT wild-type patients and 3 TPMT heterozygous patients. Hence, it was possible to conduct steady-state analysis in 27 of the TPMT wild-type patients and 5 of the TPMT heterozygous patients (Table 5.1). Among the 32 included patients, 26 (81%) were female and median age at diagnosis was 65 (range 35-80) years.


	
	TPMT Wildtype
	TPMT Heterozygous

	Patients in Induction Of Remission Recruited
	43
	8

	Inadequate Samples for Analysis
-due to treatment withdrawal
	16
8
	3
0

	Total patients included in steady-state analysis
	27
	5


[bookmark: _Toc507417419]Table 5.1 Summary of patients recruited and reasons for exclusion from steady-state analysis

[bookmark: _Toc485375325]Steady-state of AZA metabolites in TPMT Wild-type patients
A total of 255 samples from the 27 patients were analysed, median 8 per patient, range 4-13 samples. The median dose of AZA used was 1.0 (0.7-1.3) mg/kg or 75 (50-125) mg. As detailed in the Methods section above, the values were plotted to show the mean and standard deviation for the metabolites at each of the selected weeks of therapy.
  
From Figure 5.2 it can be seen that the TGNs are seen to rise steeply with the initiation of therapy. At week 4, as the metabolites are redistributed from the red blood cells into other body tissues, the metabolite concentrations drop. Steady-state is achieved at week 8. The average steady state from week 8 for TGNs was 153 (range 141-168) pmol/8x108RBCs.

Figure 5.3 shows the MeMPN concentrations at initiation of therapy. It can be seen that the MeMPN concentrations show a similar early steep rise with the initiation of therapy and they start to drop after 4 weeks, reaching a steady state by 42 weeks. The average steady state for MeMPN from week 42 was 429 (range 383-454) pmol/8x108RBCs.   



[bookmark: _Toc485375326]Steady-state of metabolites in TPMT Heterozygous patients
A total of 33 samples from the 5 patients were analysed, median 5 per patient, range 4-7 samples. The median dose of AZA used was 1.05 (0.9-1.2) mg/kg or 75 (50-100) mg. There was only one patient who had metabolites measured beyond 42 weeks and hence steady-state analysis was only possible up to 42 weeks. 

The results are shown in Figure 5.2 and Figure 5.3. The TPMT heterozygote patients showed a similar rapid increase in TGN concentrations, which then fell after week 4 and steady-state was achieved by week 16 of treatment. The average steady state TGN concentration for the TPMT heterozygous patients was 469 (range 461-474) pmol/8x108RBCs. MeMPN concentration does not appear to reach steady state during the time studied in the TPMT heterozygote patients (Figure 5.3).

[bookmark: OLE_LINK3]Although the TPMT heterozygous patients were treated with similar AZA doses as the TPMT wildtype patients (median (range) dose 1.0 (0.9-1.2) vs 1.0 (0.7-1.3) mg/kg, p=0.7), the avTGN concentrations at steady state were much higher in the TPMT heterozygous patients (median 464 pmol/8x108RBCs, range 348-552 pmol/8x108RBCs) compared to the TPMT wildtype patients (median 149 pmol/8x108RBCs, range 45-384 pmol/8x108RBCs), p<0.001; median difference 326  pmol/8x108RBCs ; 95% CI for median difference 239-399 pmol/8x108RBCs). The TPMT heterozygous patients did not achieve steady-state of MeMPN metabolites, and hence comparison was not able to be performed.   



[bookmark: _Toc507418484]Figure 5.2 Graphs showing the combined data for the 27 patients with a wild-type TPMT genotype and five patients with a TPMT heterozygous genotype analysed with regard to steady state TGN concentrations throughout the two year induction of remission treatment. In the TPMT heterozygous patients, there was only one patient with metabolite measurements beyond 42 weeks, and hence steady-state analysis was only possible until 42 weeks. TGN concentrations are shown as mean and standard deviation for the 27 included patients. TGN concentrations for the individual patients used were obtained by interpolating results from the actual time measured to the studied time points of weeks 2,4,6,8,16,32,42,52,62,72,82,92, and 104. It is observed that TGN concentration rises steeply with the initiation of therapy. At week 4, as the metabolites are redistributed from the red blood cells into other body tissues, the metabolite concentrations drop. Steady-state is achieved by week 8 in the TPMT wildtype and by week 16 in the TPMT heterozygous patients. The average steady state TGNs was 153 (range 141-168) pmol/8x108RBCs in the TPMT wildtype and 469 (range 461-474) pmol/8x108RBCs. 


[bookmark: _Toc507418485]Figure 5.3 Graph showing the combined data for the 27 patients with a wild-type TPMT genotype and five patients with a TPMT heterozygous genotype analysed with regard to steady state MeMPN concentrations throughout the two year induction of remission treatment. In the TPMT heterozygous patients, there was only one patient with metabolite measurements beyond 42 weeks, and hence steady-state analysis was only possible until 42 weeks.  MeMPN concentrations are shown as mean and standard deviation. MeMPN concentrations for the individual patients used were obtained by interpolating results from the actual time measured to the studied time points of weeks 2,4,6,8,16,32,42,52,62,72,82,92, and 104. It is observed that MeMPN concentration rises steeply with the initiation of therapy and start to drop after 4 weeks as the metabolite is redistributed in the body. Steady-state is achieved at week 42 in the TPMT wildtype patients. However, sHteady-state for MeMPN metabolites was not achieved in the TPMT heterozygote patients. 

  

[bookmark: _Toc485375327]Effect of AZA dose increase on metabolites
Twenty-two patients had the dose increased at the end of the induction of remission period, as part of standard care. Steady state values were those taken after a minimum of eight weeks on the increased dose. In eight patients, there were insufficient samples to establish steady-state after the dose increase (no metabolites were measured after dose increase in 4 patients, and in a further 4 patients, single a single metabolite measurement was obtained prior to being on the increased dose for a period of 8 weeks). Of the remaining 14 patients, 13 were TPMT wildtype and one was TPMT heterozygous. 

[bookmark: OLE_LINK4]Among the 13 TPMT wildtype patients, the dose was increased from 1.0 (0.7-1.3) mg/kg/day to 2.0 (1.6-2.3) mg/kg/day; p=0.001. TGN concentrations increased from 143(range 93-210) pmol/8x108RBCs to 238 (range 75-359) pmol/8x108RBCs; median difference 92 (95% CI for median difference 13-149) pmol/8x108RBCs p=0.002. MeMPN concentration increased from 296 (range 183-920) pmol/8x108RBCs to 2055 (range 311-9600) pmol/8x108RBCs; median difference 1422 (95% CI for median difference 257-4123); p=0.0002.   However, there was no correlation between change in AZA dose and the corresponding change in TGN and MeMPN concentrations (Spearman correlation coefficient 0.4, p=0.2 and -0.08, p=0.7 respectively) (Figure 5.4). Of note, in two patients, as depicted in Figure 5.5, the TGN concentration decreased with dose increase. However, the corresponding MeMPN level was increased, which would exclude non-compliance as the cause for the reduction in TGN.

 In the single patient who was TPMT heterozygote, and on increasing the dose from 1mg/kg/day to 2mg/kg/day, the TGN increased from 586 to 674 pmol/8x108RBCs and the MeMPNs increased from 89 to 1093 pmol/8x108RBCs.  






[bookmark: _Toc507418486]Figure 5.4 Scatter plot depicting the effect of increase of azathioprine dose for the 13 patients with wild-type TPMT genotype, in relation to (A) TGN and (B) MeMPN concentrations. Azathioprine dose was increased after remission was induced, from 1.0 (0.7-1.3) mg/kg/day to 2.0 (1.6-2.3). The x axis shows the size of the dose increase of azathioprine. The y-axis shows the change in the (A) TGN and (B) MeMPN, obtained by subtracting the metabolite concentrations on the new, higher dose from the metabolite concentrations on the previous lower dose. With dose increase, the TGN concentration increased in all but two patients, who had a reduction in TGN concentrations. The MeMPN concentration increased in all of the 13 patients. However, there was no correlation between the increase in azathioprine dose and the corresponding change in TGN or MeMPN concentrations. 




[bookmark: _Toc507418487]Figure 5.5 Illustration of the change in the TGN and MeMPN metabolite concentrations that occurred in two patients, on increasing the dose of azathioprine from 1mg/kg/day to 2mg/kg/day. In patient 1, on dose increase of azathioprine, TGN concentration decreased from 93 to 75 pmol/8x108RBCs, whilst the MeMPN concentration increased from 296 to 4419 pmol/8x108RBCs. In patient 2, the TGN concentration decreased from 160 to 129 pmol/8x108RBCs, whilst the MeMPN concentration increased from 411 to 2725 pmol/8x108RBCs. These are patients of note, as instead of the expected increase in TGN concentration on dose increase of azathioprine, a decrease of TGN concentration was actually noted. The MeMPN concentration increase in both these patients excluded non-compliance as a cause for the decrease in TGN decrease. 

[bookmark: _Toc485375328]TGN concentration and Histological Remission
Thirty patients had a second biopsy to check for histological remission after 24 months of treatment. Twelve (40%) achieved histological remission. Patients who achieved histological remission, compared to those with ongoing histological activity were on a similar dose of AZA (1.0 (0.8-1.6) vs 1.0 (0.7-1.3) mg/kg/day, p=0.2) and the TGN concentrations were similar (172 (62-586) vs 147 (67-457) pmol/8x108RBCs; p=0.6) (Figure 5.14). There was also no difference in the starting dose of prednisolone used (30 (20-40) vs. 40 (20-40) mg/day; p=0.4). 




[bookmark: _Toc507418488]Figure 5.6 Scatter plot of TGN concentrations in patients who achieved histological remission compared to those with ongoing histological activity. Patients who achieved histological remission, compared to those with ongoing histological activity had similar TGN concentrations (172 (62-586) vs 147 (67-457) pmol/8x108RBCs; p=0.6.


[bookmark: _Toc485375329]Discussion
It is well recognised that AZA has a slow onset of action, with peak response to AZA in IBD quoted to be after 17 weeks of treatment (112). Metabolite profiles of patients with AIH during the initiation of treatment has not been previously studied, as the studies to date have reported only single TGN measurements, on patients who are believed to be in a steady state (52, 81). This is the first study to use serial measurements during the initiation of treatment and at dose increase. In this study, we have demonstrated the accumulation of the active metabolite, TGN, after initiation of therapy. TGN initially accumulates rapidly in the RBCs, and then as the TGN is distributed to the tissues, the concentration decreases, with it taking eight weeks for steady-state to be archived. The time taken for steady state to be achieved may partially explain the delayed onset of action of azathioprine. 
 
We also have demonstrated that a subsequent increase in dose is associated with an overall increase in the active TGN metabolites. However, we found that this occurred in an unpredictable manner in the individual patients, with no correlation found between the increases in dose with the corresponding increase in TGN. This is due to the non-linear kinetics of TPMT, with the enzyme working faster when there is more of the substrate available, hence leading to increased MeMPN production. This results in less of the drug available for formation of TGN metabolites. 
In AIH, the dose is increased from 1mg/kg to 2mg/kg after 2 years, with the purpose of maintaining a steroid-free remission. There are a number of patients who may relapse while the prednisolone dose is being reduced and may thus be labelled as having “steroid dependent disease”. Our study findings are pertinent to this in two regards- firstly, we have shown that it takes eight weeks to reach steady-state, and one reason for relapse may be too quick a taper of prednisolone. We would advise that the prednisolone dose be gradually tapered down and it should not be stopped completely until at least eight weeks on the increased AZA dose has elapsed, to allow for adequate accumulation of TGN on the increased dose. 
Secondly, we have found that a dose increase is not associated with a predictable increase in TGN concentration and hence it is possible that the reason for the relapse is due to inadequate increase in TGN concentrations, despite the dose increase. The median TGN concentration in our study, on 2mg/kg was 238pmol/8x108RBCs. Previously we found that TGN concentrations of above 220 pmol/8x108RBCs were associated with the maintenance of remission (113). We suggest that TGN metabolite measurements would be useful in patients who relapse while being tapered off the prednisolone. 

We found no difference in TGN concentrations between those who achieved histological remission and those with ongoing histological activity. This finding is perhaps not unexpected as in AIH, as is the case in IBD, AZA has not been shown to be better than placebo at inducing remission (6, 112), although the addition of AZA has a “steroid sparing” effect, as it allows for a lower dose of prednisolone to be used. Treatment related factors that may influence histological remission is currently unknown as we previously have not found any significant treatment related factors, such as starting dose prednisolone, cumulative dose prednisolone, starting or cumulative dose AZA, predicted histological remission (114), and here we found that AZA metabolites additionally did not predict histological remission. 

In summary, this study has firstly shown that TGN, the active AZA metabolite, accumulates gradually and takes eight weeks to achieve steady state. Secondly, dose increase is associated with increase in TGN, but not in a predictable manner. And finally, TGN concentrations were no different in those who achieved histological remission compared to those with ongoing activity.

[bookmark: _Toc464408670][bookmark: _Toc485375330]Clinical Significance of Azathioprine Metabolites for the Maintenance of Remission in Autoimmune Hepatitis
[bookmark: _Toc485375331]Introduction
Autoimmune hepatitis (AIH) is a chronic inflammatory liver disease, characterised by a relapsing and remitting course and a high mortality if left untreated. Azathioprine, a potent immunosuppressant is commonly used as a ‘steroid sparing’ agent for the induction and maintenance of remission in autoimmune hepatitis. Approximately 20% of patients with AIH experience AZA-related side-effects necessitating drug withdrawal (61) and a further 18% of patients are unable to maintain remission with azathioprine alone (49). 

Azathioprine is a pro-drug that undergoes extensive intracellular activation by a multi-enzymatic process in order to form the active metabolites, 6-thioguanine nucleotides (TGNs) (Figure 1.2). The ability to form TGN active metabolites after a dose of AZA is partially determined by variations in thiopurine methyltransferase (TPMT) activity (detailed in Section 1.4.2.1). 

Studies investigating the clinical use of measuring TPMT activity and intracellular thiopurine metabolites in childhood acute lymphoblastic leukaemia found an inverse relationship between red blood cell (RBC) TGN concentrations and TPMT activity and those who accumulated higher TGN concentrations had a significantly improved leukaemia free survival, but a higher incidence of neutropenia (77, 115). Parallel studies in IBD have reported conflicting results but a meta-analysis concluded that patients in remission had significantly higher TGN concentrations than those with active disease, TGN concentrations above threshold values of 230-260 pmol/8x108 RBCs were significantly associated with remission with an odds ratio of 3.27 (116). 

Azathioprine can cause hepatotoxicity and this may present with asymptomatic elevation of aminotransferases, cholestasis or vascular liver disease (nodular regenerative hyperplasia, veno-occlusive disease, peliosis hepatitis) (117). It has been suggested that the occurrence of the former two may be associated with elevated MeMPN concentrations  (118, 119) whereas nodular regenerative hyperplasia may be associated with elevated TGN concentrations (120). 

Sparse data is available on AZA metabolism in AIH and on the utility of such measurements in predicting AZA toxicity.  The primary aim of this study was to assess the relationship between AZA metabolite concentrations (TGNs and MeMPNs), TPMT activity, therapeutic response and toxicity in adult patients with AIH prescribed a constant dose of AZA for the maintenance of remission. 

[bookmark: _Toc485375332]Patients and Methods 
The study was approved by the Sheffield Research Ethics Committee (09/H1308/102) and full informed written consent was obtained from participating patients.  

Patients were eligible for inclusion if they had a diagnosis of probable or definite AIH based on the revised International Autoimmune Hepatitis Group criteria (29) and were at the maintenance of  remission stage of treatment. Patients were recruited from the liver clinic at the RHH, Sheffield, between 2009 and 2011. The treatment regimen is detailed in Section 3.3. For the induction of remission, patients were treated with a combination of prednisolone starting at a dose of 30-60mg/day tapered down as the serum transaminases normalise to 10mg/day, and AZA 1mg/kg/day for approximately 2 years (6). AZA  was then increased up to 2mg/kg/day (63) and prednisolone was gradually tapered with the aim to maintain remission on AZA monotherapy. If relapse were to occur, prednisolone was recommenced and tapered down to the minimum dose required to maintain normal serum transaminases and, if appropriate, the dose of AZA was further increased. All recruited patients had achieved a complete response, as defined by the IAIHG (29), prior to AZA dose escalation and prednisolone taper. 

At recruitment, blood samples (10ml lithium heparin) were taken for measurement of TPMT activity and AZA metabolite concentrations, the method of which is detailed in Sections 3.8, 3.9 and 3.10. The break-point separation between high and intermediate TPMT activity distributions was made at 9.5 IU/ml (76, 77).  AZA metabolite concentrations were subsequently measured at each clinic visit throughout the study period, which ran from August 2009 to November 2011. At each clinic visit, body weight, dose of prednisolone and of AZA, full blood count and liver function tests were also recorded. Demographic data on all patients were collected including, gender, age, age at diagnosis, fibrosis stage at most recent liver biopsy and duration of AZA therapy. 
Outcome was characterised in two ways:- (i) the ability to maintain remission, defined in accordance to the 2010 AASLD guidelines (41), as a normal serum ALT (ALT <33 IU/L)  and, (ii) the occurrence of relapse, defined in accordance with the International Autoimmune Hepatitis Group criteria (29) as elevation of ALT to more than twice the upper limit of normal or liver histology showing active disease. These two outcomes were considered separately as patients with ALT between 1-2xULN are not considered to be in remission but do not meet the criteria for relapse. 

[bookmark: _Toc485375333]Statistical analysis
Statistical analysis was performed using Predictive Analytics Software (PASW) Statistics 18.0 for Windows (IBM SPSS Inc, Chicago) and MiniTab (MiniTab Inc., USA). The average of the TGN (avTGN), MeMPN (avMeMPN) and serum ALT (avALT) concentrations for each patient over the study period were used in the analysis. Where there was a dose change during the study period, only metabolite measurement prior to the dose change were used in analysis. All results are presented as median (range). Statistical comparisons were performed using the Mann-Whitney test for two unpaired continuous variables, and the Fishers Exact test or chi-squared test for dichotomous variables. Median differences (and the 95% confidence interval, CI) were calculated from the point estimates of all the median differences. Correlations were assessed by the rank Spearman correlation coefficient. All tests were two tailed and p was significant at 0.05. 

[bookmark: _Toc485375334]Results
Characteristics of the 70 patients studied are given in Table 6.1. A total of 355 samples were analyzed with a median of 5 (2-9) samples per patient. The median avTGN concentration was 222 (66-888) pmol/8x108RBCs; avMeMPN concentration was 1416 (175-23798) pmol/8x108 RBCs. As shown in Figure 6.1, there was no correlation between dose of AZA (mg/kg/day) and avTGN concentration  but there was a positive correlation with avMeMPN concentration (rs= 0.4, p=0.001)

TPMT activities ranged from 5.7-16.8 IU/ml. Five (7%) patients had intermediate TPMT activity. When patients with an intermediate TPMT activity were compared with those with a high activity, patients with an intermediate activity were on a lower dose of AZA (1.5 (range 0.4-2.0) vs. 1.8 (range 0.7-23.2) mg/kg/day; p=0.4) and had higher avTGN (345 (range 66-888) vs. 221 (range 67-636) pmol/8x108 RBCs; p=0.7) and lower avMeMPN (570 (range 189-2050) vs. 1698 (range 175-23798) pmol/8x108 RBCs; p=0.1) respectively. The small size of the intermediate cohort probably contributes to the observed lack of statistical significance of these observations. 


	Gender (Female:Male)
	58:12

	Definite: Probable AIH  
	49:21

	Number with cirrhosis
	10

	Age at diagnosis of AIH, years
	51 (3-78)

	Age at start of study, years 
	61 (19-90)

	Duration of AIH at start of study, years 
	8 (2-31)

	Dose azathioprine studied, mg/kg/day 
	1.9 (0.3-3.2)

	Time on studied dose of azathioprine, months
	32 (1-217)

	Average prednisolone dose over study period, mg/day
	0 (0-25)


[bookmark: _Toc507417420]Table 6.1 Characteristics of 70 patients studied. Results are expressed as median (range). Abbreviations: AIH: autoimmune hepatitis.









[bookmark: _Toc507418489]Figure 6.1 Correlation between azathioprine dose and avTGN and avMeMPN (pmol/8x108 RBC). There was no correlation between dose and (A) avTGN (rs=-0.05, p=0.7) but there was a positive correlation between dose and (B) avMeMPN (rs=0.4, p=0.001). In Figure 2A one outlier had high TGNs (888 pmol/8x108 RBCs) at an AZA dose of 1.6/mg/kg/day and intermediate TPMT activity. In Figure 2B two patients had very high MeMPN concentrations of 23,798 and 18,879 pmol/8x108 RBCs at AZA dosages of 2.3 and 2.7mg/kg/day respectively.  Both patients had high TPMT activity. One patient was on 3.2mg/kg/day of AZA because of ongoing disease activity but was subsequently found to be poorly compliant with treatment.  Abbreviations: avTGN: average thioguanine nucleotide; avMeMPN: average methylmercaptopurine nucleotide; RBC: red blood cell



[bookmark: _Toc485375335]Intra-patient variation in metabolite formation 
Figure 6.2 shows the TGN concentration at each assay for all 70 patients. In order to assess the intra-patient variation of metabolite formation on a constant dose of AZA, the coefficient of variation (CV) (SD/mean x 100%) for metabolite concentrations was calculated for patients with four or more measurements (n=52).
The median intra-patient CV for TGN and MeMPN was 18.3 (6.5-90.5) % and 37.1 (7.3-164) % respectively. For comparison, the CV of TGN and MeMPN for the quality control pooled patient sample was 8.6% and 7.7% respectively from 55 assays runs performed over the study period. Three patients had strong evidence of non-compliance, with one or more measured TGN concentration below the limit of quantification.  



[bookmark: _Toc507418490]Figure 6.2 TGN concentrations (pmol/8x108 RBC) obtained at each assay for all 70 patients, on a stable dose of azathioprine. Each point on the x-axis represents an individual patient, with each dot representing TGN concentration measured at each assay. Patients had multiple metabolite measurements over the study period, while maintaining a stable dose of azathioprine. The dotted line represents the lower limit of detection for TGN for the assay, which is 30 pmol/8x108 RBC was the lower limit of detection. In some patients, there was a wide variation of the TGN measured, with three patients having measurements below the lower limit of quantification (indicated by the red arrows), suggesting poor/non-compliance with the prescribed dose of azathioprine.   

[bookmark: _Toc485375336]Metabolite Concentrations and Therapeutic Response
Over the study period, 53 of the 70 patients (76%) maintained remission. Patients who maintained remission tended to be on a lower dose of AZA than those who did not (Table 6.2). Despite this, higher avTGN concentrations were observed in those who maintained remission compared to those who did not (237 vs. 177 pmol/8x108 RBCs; median difference 60, 95% CI for difference 7-114 pmol/8x108 RBCs; p=0.025) (Figure 6.3). Furthermore, there was a negative correlation between serum avALT and avTGN concentration (rs=-0.32; p=0.007). 

A receiver-operating-characteristic (ROC) curve was constructed to determine the cutoff concentration for avTGN that best discriminated between those in remission and those not in remission (Figure 6.4). An avTGN concentration of >220 pmol/8x108 RBCs best discriminated between the two groups, with 62% of those in remission and only 18% of those not in remission achieving a TGN concentration of >220 pmol/8x108 RBCs (p=0.001). The odds ratio of a therapeutic response for an avTGN concentration higher than 220 pmol/8x108 RBCs cut-off was 7.7 (95% CI 2.0-30.2; p=0.003). 



	
	In Remission            (n=53)
	Not in Remission      (n=17)
	p value

	AZA dose, mg/kg/day
	1.7 (0.4-2.7)
	2.0 (0.9-3.2)
	0.08

	Prednisolone dose, mg/day
	0 (0-10)
	5 (0-25)
	0.001

	Number of patients on prednisolone (%)
	12 (23%)
	11 (65%)
	0.001

	avTGN, pmolx108 RBC
	237 (66-888)
	177 (67-400)
	0.025

	avMeMPN, pmolx108 RBC
	1525 (189-23798)
	1352 (175-18879)
	0.637

	TPMT activity, IU/ml
	11.7 (5.7-14.7)
	12.1 (10.3-16.8)
	0.239

	avALT, IU/ml
	18 (10-33)
	50 (23-300)
	


[bookmark: _Toc507417421]Table 6.2 Treatment, metabolite concentrations and TPMT activity of 70 AIH patients in remission versus those not in remission. Values are given as median (range). Abbreviations: AZA: azathioprine; avTGN: average thioguanine nucleotide; avMeMPN: average methylmercaptopurine nucleotides; TPMT: thiopurine methyltransferase; avALT: average alanine aminotransferase
[image: ]
[bookmark: _Toc507418491]Figure 6.3 Scatter plot for avTGN according to the two response groups. The thick line indicates the median TGN concentration for each group. Patients in remission had higher avTGNs compared to those not in remission. Abbreviations: avTGN: average thioguanine nucleotide






[image: ]
[bookmark: _Toc507418492]Figure 6.4 Receiver Operating Curve for avTGN according to response group.  The area under the curve was 0.68 (p=0.025). A cut-off avTGN of >220 pmol/8x108 RBCs gives an 83% sensitivity and a 62% specificity for predicting remission. Abbreviations:  avTGN: average thioguanine nucleotide


Twelve of the 53 (23%) patients who maintained remission received prednisolone in combination with AZA during the study period; prednisolone was continued arbitrarily in 5 patients and because of prior relapse in 7 patients. Even after excluding those who were in remission but who were continued on prednisolone, the avTGN concentration was significantly higher in those who maintained remission (on AZA monotherapy; n=41) compared to those who were not in remission (n=17) (237 vs. 177 pmol/8x108 RBCs, median difference 52, 95% CI for difference 5-104 pmol/8x108 RBCs; p=0.028).

We also performed an analysis on all 355 individual samples. The negative correlation between serum ALT and TGN concentration (rs=-0.37; p<0.001) was still apparent as was the significant difference in TGN concentration between those with a normal serum ALT (n=261) and those with an elevated serum ALT (n=94) at time of metabolite measurement (236 vs. 191 pmol/8x108 RBCs; median difference 51 pmol/8x108 RBCs; 95% CI for difference 28-74; p<0.0001)

 Fifteen patients (21%) experienced a relapse during the study period. Those who did not relapse, compared to those who relapsed, had higher avTGN concentrations (236 vs. 177 pmol/8x108 RBCs, median difference 55 pmol/8x108 RBCs, 95% CI for difference 1-115; p=0.04). An avTGN concentration of >220 pmol/8x108 RBCs was attained by 58% of those who did not relapse and 27% of those who relapsed (p=0.03). 

In contrast to avTGN, there was no correlation between serum avALT and avMeMPN concentrations (rs=0.1; p=0.4). There was also no difference in avMeMPN concentrations or TPMT activity between those in remission and those not in remission (Table 6.2) or between those who relapsed and those who did not relapse.

[bookmark: _Toc485375337]Azathioprine Toxicity
Leucopenia developed in 2 (3%) patients, leading to dose reduction. The avTGN concentration measured in the latter three patients were 294 and 469 pmol/8x108 RBCs on an AZA dose of 0.9 and 1.7 mg/kg/day respectively. Both patients who developed leucopenia had high TPMT activity. 

[bookmark: OLE_LINK1]During the course of the study, two patients developed cholestatic jaundice, with only mild elevations of ALT and liver biopsy suggestive of AZA-induced cholestasis rather than an AIH flare.  In one patient AZA dose was escalated to 3.2mg/kg/day due to poorly controlled disease. Due to lack of clinical response the patient was admitted to hospital where he had directly observed treatment. During the admission, the TGN and MeMPN concentration increased from 150 to 254 and 1698 to 9675 pmol/8x108 RBCs respectively and he developed jaundice.  The second patient was on a stable AZA dose and avMeMPN concentration was 18879 (range over study period 13693 to 20084) pmol/8x108 RBCs. Both patients had high TPMT activity (12.7 and 13.7 IU/ml respectively). In both patients, withdrawal of AZA resulted in clinical and biochemical improvement. There was no difference in the avTGN concentration but the avMeMPN concentration was higher in the two patients who developed cholestasis compared to those who did not (14277 vs. 1416 pmol/8x108 RBCs) (Figure 6.5). 

[bookmark: OLE_LINK2]One patient, who was asymptomatic and had a normal serum bilirubin and ALT developed nodular regenerative hyperplasia, diagnosed by routine liver biopsy performed to assess histological disease activity. The avTGN was 469 pmol/8x108 RBCs, which was in the upper quartile of the study population.  The avMeMPN concentration was 1003 pmol/8x108 RBCs on an AZA dose of 1.7 mg/kg/day, the TPMT activity was 14.3 IU/ml, with a corresponding wild-type TPMT genotype.
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[bookmark: _Toc507418493]Figure 6.5 Scatter plot of avMeMPN according to the development of cholestatic hepatotoxicity. Patients who developed cholestasis had a higher median avMeMPN concentration compared to those who did not (14277 vs. 1416 pmol/8x108 RBCs). Abbreviations: avMeMPN: average methylmercaptopurine nucleotide; RBCs: red blood cells


[bookmark: _Toc485375338]Effect of Cirrhosis
Liver biopsy specimens were available in 65 patients for assessment of fibrosis stage. Cirrhosis was present in 11 (17%) of patients. Patients with cirrhosis were on lower AZA dose (1.3 vs. 1.9 mg/kg; median difference -0.5, 95% CI for difference -0.9 to -0.0001; p=0.03) and had similar TGN (251 vs. 220 pmol/8x108 RBCs; p=0.4) but lower MeMPN (428 vs. 1877 pmol/8x108 RBCs; median difference -952, 95% CI for difference -2627 to -263; p=0.006) concentration compared to patients without cirrhosis. The TPMT activity was similar in both groups (11.9 vs 11.7 U/ml RBC; p=0.9). There was no difference in the response rate between the cirrhotic and non-cirrhotic patients (p=0.7). 

[bookmark: _Toc485375339]Discussion
The main finding of this study was that in patients with AIH, successful maintenance of remission during treatment with AZA was associated with higher average TGN levels than was failure to maintain remission. Specifically, TGN values of >220 pmol/8x108 RBCs were significantly associated with continued AIH remission, with an odds ratio of 7.7.  

Our results are consistent with those of studies in childhood leukaemia and inflammatory bowel disease, which also support an association between higher TGN levels and therapeutic efficacy of AZA (115, 116). However three previous studies in AIH have not demonstrated such a relationship (52, 80, 81).

Our results might differ from those of these previous studies for several reasons.  First, we considered the average of repeated TGN values in each patient whereas previous studies reported single TGN measurements on an unselected cohort of patients. Second, in accordance with recent American and UK guidelines (41, 100) we defined remission as normalisation of serum ALT. One previous study also used this definition (52) but the other two defined remission as serum ALT of less than 1.5 times normal (80) and  less than twice normal (81). Third, we focussed specifically on patients who were at the maintenance of remission stage of treatment, with a target maintenance dose of 2mg/kg/day (if tolerated), whereas previous studies were in unselected patients on more variable doses; therefore, the median dose of AZA and the median TGNs concentrations (1.9 mg/kg/day and 222 pmol/8x108 RBCs respectively) were higher in our study than in previous reports. In one report of 52 patients the mean dose of AZA was 1.6mg/kg/day and median TGN concentration was 155 pmol/8x108 RBCs, with no difference in between those who did and who did not require prednisolone in addition to AZA to maintain remission (81). In a second report of 49 patients, the mean AZA dose was 1mg/kg/day with TGN concentrations of 149 pmol/8x108 RBCs (80). A third, large, study (n=143) also reported similar TGN concentrations between responders and non-responders (113 vs 121 pmol/8x108 RBCs) on AZA dose of 1.19 and 1.64 mg/kg/day respectively, but a high proportion of patients in this study (72%) were on concomitant prednisolone (52). 
We found wide intra-patient variation in the TGN concentrations over the two year study period. This has previously been observed in inflammatory bowel disease (121). Three of the study participants had overt evidence of non-compliance with treatment. However, as RBC TGN concentrations reflect accumulation over several doses rather than the dose taken the day before (73), partial compliance may also be a contributing factor to the observed intra-patient variability. AIH is a chronic disease, with a relapsing and remitting course, and may be asymptomatic (9, 11) , thus potentially making it more difficult for patients to fully comply with drug treatment. A study evaluating adherence to treatment in 14 children with AIH using an electronic monitoring device reported an optimal adherence of 28-94%, with no patient taking the medication exactly as prescribed (122). A study in inflammatory bowel disease, using a structured questionnaire, found that 44% of patients admitted to missing more than one dose a week, with a median of 2 days per week of missed medication (123). 

Although we have found a TGN concentration of >220 pmol/10x108 RBC is associated with an increased likelihood of remission, remission can also be achieved with lower TGN concentrations in the individual patient. Therefore, we suggest that TGN measurements should be mainly considered for those who have active disease as TGN concentrations may help identify patients who have inadequate immunosuppression, and may also point to non-compliance. Care must be taken to exclude the latter if increasing the AZA dose. In those where non-compliance has been excluded and the TGN concentration is low, dose increase with TGN metabolite monitoring may be useful as  AZA derived 6MP (124) and associated metabolites (125) exhibit non-linear kinetics on dose escalation.  For some individuals, especially those with very high TPMT activities, increasing the dose of AZA may increase the TPMT catalysed methylation rate in preference to TGN formation (125).  This has been documented  in inflammatory bowel disease, where AZA dose escalation, for some patients, caused only minimal increases in TGN levels, but selectively increased MeMPN levels (89). 

A further finding of this study is that elevated MeMPN concentration was associated with AZA-induced cholestasis. This is consistent with two previous case reports in AIH in which biopsy proved hepatotoxicity was associated with high MeMPN concentration (81, 119). The mechanism by which increased MeMPN may cause hepatotoxicity is unknown. In AIH it can be difficult to distinguish hepatotoxicity from a flare of the disease and furthermore, cholestasis does not universally develop in those with a high MeMPN concentration. Therefore, although measurement of MeMPN may be useful in suspected cases of AZA-induced cholestasis, we would not recommend that increased MeMPN concentrations to be used as an alternative to a liver biopsy as a method of diagnosing hepatotoxicity.

In keeping with previous reports (52, 81, 126), we did not find an association between TPMT activity and AZA-induced toxicity. However, we must emphasis the selected nature of the cohort studied; AIH patients who tolerated AZA and were on long-term maintenance therapy.  TPMT status determination prior to starting AZA is useful only for the detection of functional TPMT deficiency. These individuals are at risk of profound myelosuppression on standard doses of AZA and alternative immunosuppression should considered or, if treating with AZA, the dose should be reduced by 10-fold with thrice weekly instead of daily dosing (127).  

The presence of cirrhosis is associated with an increased risk of developing AZA-induced toxicity (81). We found that cirrhotic patients, compared to non-cirrhotic patients, produced similar TGN metabolites despite being on a lower dose of AZA. Therefore, metabolite monitoring in cirrhotic patients may be useful to guide dosing in order to minimise toxicity while maintaining efficacy of AZA, although further studies are needed before this can be firmly recommended. 

In conclusion, we have demonstrated that TGN metabolite accumulation is associated with maintenance of remission in AIH.  For the few patients who experienced AZA toxicity, cholestatic hepatotoxicity was associated with increased MeMPNs whilst the single patient who developed nodular regenerative hyperplasia had elevated TGNs.  This study has demonstrated a role for monitoring AZA metabolites in the clinical management of AIH and indicated that the effects of AZA dose escalation in AIH needs further evaluation.


[bookmark: _Toc485375340]Genetic Polymorphisms of TPMT and ITPA and Azathioprine Induced Adverse Events
[bookmark: _Toc485375341]Introduction
Autoimmune hepatitis (AIH) is a chronic inflammatory disease of the liver of unknown aetiology. Untreated, it progresses to liver cirrhosis and death as a result of liver failure and has a 5 year survival of 5-10%. However, with successful treatment, the 5-year survival is 95%, not different to a control population (51). Azathioprine (AZA) is used in AIH as a ‘steroid sparing’ agent to allow lower doses of steroids to be used for the induction of remission (6) and remission, once attained, can be sustained  with AZA monotherapy by increasing the dose from 1mg/kg/day to 2mg/kg/day thus allowing for the withdrawal of steroids (49).  Unfortunately, adverse-effects to AZA are common leading to drug withdrawal in up to 20% of patients (61). The most serious side-effects include myelotoxicity and hepatotoxicity, which are dose-dependent.

Genetic factors associated with drug metabolism may be responsible for some of the toxicity associated with AZA. AZA is an inactive compound that must be metabolized to 6-thioguanine nucleotides (TGNs) in order to exert its cytotoxic and immunosuppressive properties (Figure 1.2, and Section 1.4.2.1). TPMT catalyses the S-methylation of 6MP to inactive methyl-mercaptopurine, leaving less 6MP available for eventual anabolism to active TGNs. Thioinosine monophosphate (6-TIMP), which is a secondary metabolite of 6MP, is also a substrate for TMPT, and the resulting methylmercaptopurine nucleotides (MeMPNs), have some activity; they inhibit de novo purine synthesis (128),  although their exact role in immunosuppression is not known

Approximately 1 in 300 individuals are homozygous for the non-functional variant allele (TPMT*3A, TPMT*2 or TPMT*3C account for >95% of inactivating alleles (129)) leading to null or low TPMT activity. TPMT deficiency is associated with severe, sometimes even fatal, myelosuppression with conventional AZA doses since TPMT deficient patients accumulate very high concentrations of the cytotoxic TGNs. About 10% of the population is heterozygous for the variant allele and experiences intermediate activity (76). The clinical significance of heterozygosity is in the TPMT gene is not clear as some studies have shown an association between heterozygosity and AZA related myelotoxicity (79) whilst others have not (50, 52, 80, 81). 

In recent years, deficiency of another polymorphic enzyme, ITPA, has been associated with the occurrence of AZA induced adverse events (84-87). ITPA catalyses the pyrophosphohydrolysis of 6-TITP to 6-TIMP (Figure 1.2). ITPase deficiency leads to the abnormal accumulation of the 6-TITP metabolites, with the potential for adverse effects. Of the identified variants to the ITPA gene, the 94C>A and the IVS2+21A>C mutations have been associated with decreased enzyme activity (130). Patients homozygous for the 94C>A missense mutation are characterised by little/no enzyme activity, while compound heterozygous patients express about 10%, homozygous for IVS2+21A>C and heterozygous for the 94C>A mutation express 30% and heterozygotes for the IVS2+21A>C mutations express 60% of the wild-type ITPA activity (130) (Table 7.1).  

The role of the ITPA polymorphisms in the occurrence of AZA-related side-effects in AIH has not been previously studied and the significance of TPMT heterozygosity in AIH is also unclear. The aim of this study was to evaluate the association between the genetic polymorphisms of TPMT and ITPA gene and AZA related adverse events. Furthermore, we also aimed to determine the association between genetic polymorphisms of TPMT and IPTA and the accumulation of AZA metabolites, TGNs and MeMPNs. 



	94C>A
	IVS2+21A>C
	Predicted ITPAase activity
	Predicted ITPAase deficiency

	Wild-type (C/C)
	Wild-type (A/A)
	100
	none

	Wild-type (C/C)
	Heterozygous (A/C)
	60
	Mild

	Heterozygous (C/A)
	Wild-type (A/A)
	30
	Moderate

	Wild-type (C/C)
	Homozygous (C/C)
	30
	Moderate

	Heterozygous (C/A)
	Heterozygous (A/C)
	10
	Severe

	Homozygous (A/A)
	Wild-type (A/A)
	<5
	Severe


[bookmark: _Toc507417422]Table 7.1 The prevalence of ITPA variant alleles and the predicted levels of ITPAase deficiency according to haplotypes. Values taken from Spikova et al (130)

[bookmark: _Toc485375342]Patients and Methods
The study was approved by Sheffield Research Ethics Committee (09/H1308/102) and full written consent was obtained from participating patients.

Patients were eligible for inclusion if they had a diagnosis of probable or definite AIH based on the revised International Autoimmune Hepatitis Group (IAIHG) criteria (29) and were treated with azathioprine. Patients were recruited from the liver clinic at the RHH (Sheffield, UK) between August 2009 and November 2012.

At recruitment, 10ml of lithium heparin blood samples were obtained for TPMT and ITPA genotyping, the method of which is detailed in Section 3.12.  All patients were genotyped for TPMT*3 family of variant alleles and ITPA 94C>A and IVS2+21A>C variant alleles. TPMT activities were also measured by high performance liquid chromatography (Section 3.11) and are stated in units which represent units ml-1 packed red blood cells (RBCs). Patients with a TPMT enzyme activity of <12 units ml-1 RBCs, and with no detected TPMT*3 family of variant alleles were also genotyped for the TPMT *2 variant allele. TPMT*2 was detected by sequencing exon 5 of the TPMT gene (131). Screening for TPMT*3 family of variant alleles detects over 92% of low activity variant alleles and the TPMT*2 variant will detect over 95% of TPMT deficient alleles (129, 131). All genotypes were checked for Hardy-Weinberg equilibrium. 

For patients that continued on AZA, blood samples were taken at each clinic visit over the study period for determination of AZA metabolites, using the method detailed in Sections 3.9 and 3.10. 

[bookmark: _Toc485375343]Definition of Adverse Events
The incidence of adverse events (AE) to AZA was accessed retrospectively at the end of the study period (November 2012).  For the purposes of this study, leucopenia was defined as a decrease of WCC to <3.0x109/l or the absolute neutrophil count (ANC) to <1.5 x109/l. AZA-related anaemia was defined as a reduction in the Hb to <12x109/l with macrocytosis and normal haematinics, which improved on reduction/withdrawal of AZA. Gastrointestinal (GI) disturbances (nausea, vomiting or abdominal pain) or flu-like symptoms (general malaise, temperature and muscle and joint pains) required the symptoms to improve on AZA withdrawal or dose reduction. For AZA-induced hepatotoxicity, a liver biopsy was required to confirm it as it can be difficult to distinguish AZA induced hepatotoxicity from active disease in AIH. 

[bookmark: _Toc485375344]Statistical Analysis
Statistical analysis was performed using Predictive Analytics Software (PASW) Statistics 18.0 for Windows (IBM SPSS Inc, Chicago) and GraphPad Prism version 6.00 for Windows (GraphPad Software, USA). Statistical comparisons for dichotomous variables were performed using the chi-squared test, unless there were cells with an expected count of below 5, in which case Fishers Exact test was used. Mann-Whitney test was used to compare two unpaired continuous variables and the Kruskall-Wallis test for three unpaired continuous variables. All continuous variables are expressed as median (range). The average of the TGN and MeMPN concentrations for each patient over the study period, on a constant dose at steady state were used in the analysis.  Median differences (and the 95% CI) were calculated from the point estimates of all the median differences. All tests were two tailed and p was significant at 0.05. 

[bookmark: _Toc485375345]Results
One hundred and fifty patients were recruited and underwent genotyping. Patients were divided into groups based on the presence (n=41) or absence (n=109) of AE. Their characteristics are detailed in Table 7.2 There were 43 AEs observed in the 41(27%) patients (Table 7.3). AZA was withdrawn due to an AE in 31 (21%) patients; in the remaining 10 patients, the dose was reduced. Two patients had two AEs each; 1 had stopped AZA because of leucopenia (WCC 2.8) in 2007. The disease relapsed in 2009 and AZA was restarted in 2009. She had mild decreases in WCC on restarting AZA, with a WCC>3.0 x109/l but in 2011, developed an episode of pancreatitis that was thought to be AZA related; the other patient was started on 100mg/day of AZA and developed leucopoenia (WCC 2.7 x109/l) a month later. This lead to the reduction of the dose to 50mg/day. However, she then developed persistent vomiting which improved on discontinuation of AZA. Her vomiting recurred on re-challenge of AZA a few months later.  The most common adverse event was GI disturbances, in 13% followed by bone marrow suppression (10%).  




	Characteristic
	No Adverse Events, n=109
	With Adverse Events, n=41
	p 

	Age at Diagnosis, years
	55 (12-74)
	54 (13-81)
	0.3

	Female gender, (%)
	85 (78%)
	38 (93%)
	0.05

	IAHG Score
	16 (10-22)
	16 (11-22)
	0.9

	Cirrhotic, (%)
	20 (18%)
	6 (15%)
	0.6

	Duration of AZA treatment at end of study, years
	8.4 (0.5-42)
	8.7 (0.3-34)
	0.6


[bookmark: _Toc507417423]Table 7.2 Characteristics of 150 Patients Studied



	Adverse Event
	n

	Patients with no adverse events
	109

	Patients with adverse events
	41 (27%)

	GI Disturbance
Nausea and Vomiting
Abdominal Pain
	19 (13%)
18
1

	Bone Marrow suppression
Leucopenia
Anaemia
	15 (10%)
14
1

	Flu-like symptoms
	4 (3%)

	Hepatotoxicity
Cholestasis
Nodular regenerative hyperplasia
	3 (2%)
2
1

	Pancreatitis
	1 (0.7%)

	Recurrent sepsis
	1 (0.7%)


[bookmark: _Toc507417424]Table 7.3 Frequency of Adverse Events in azathioprine-treated patients. There were 44 adverse events in 42 patients 

[bookmark: _Toc485375346]TPMT Genotype and Adverse Events
Thirteen (8.7%) of the 150 patients were heterozygous for a variant TPMT allele; 11 TPMT *1/*3A, 1 TPMT*1/*3C and 1 TPMT*1/*2. None were homozygous for the TPMT variant alleles. The allele frequency for the variant *3 and *2 allele was 0.04 and 0.003, and were in Hardy-Weinberg equilibrium (χ2=0.26, p=0.6 and χ2=0.001, p=0.9 respectively).  Three (23%) of the TPMT heterozygote and 38 (28%) of the TPMT wild-type patients had an AZA-related AE (p=0.7). Two (15%) of TPMT heterozygous patients had leucopenia compared to 12 (9%) of TPMT wild-type patients (p=0.4) (Table 7.4).  

	TPMT Genotype
	Any Adverse Event
	Leucopenia

	
	No
	Yes
	No
	Yes

	Wildtype
	99 (72%)
	38 (28%)
	125 (91%)
	12 (9%)

	Heterozygous
	10 (77%)
	3 (23%)
	11 (85%)
	2 (15%)

	
	p=0.7
	p=0.4


[bookmark: _Toc507417425]Table 7.4 TPMT genotype and azathioprine related adverse events


[bookmark: _Toc485375347]ITPA Genotype and Adverse Events
Ninety five (63%) patients were ITPA wild-type, 50 (33%) ITPA heterozygous (10 for 94C>A and 40 for IVS2+21A>C), 4 (3%) compound heterozygote (94C>A/IVS2+21A>C) and two ITPA homozygotes (one each of IVS2+21A>C/IVS2+21A>C and 94C>A /94C>A). The ITPA allelic frequencies were 0.05 and 0.15 for 94C>A and IVS2+21A>C respectively, and were in Hardy-Weinberg equilibrium (χ2=0.87, p=0.35 and χ2= 2.5, p=0.1 respectively). 

Patients with predicted severe deficiency (Table 7.1) were more likely to have an AE compared to patients with none (26%) or predicted mild/moderate (24%) deficiency; p=0.04 (Table 7.5).  Bone marrow toxicity occurred in 10.5%, 6% and 40% of patients with predicted none, mild/moderate and severe deficiency respectively; and this showed a trend towards significance (p=0.07) (Table 7.5). Gastrointestinal disturbance occurred in 13%, 12% and 20% of patients with predicted none, mild/moderate and severe deficiency respectively (p=0.8).  


	Predicted ITPase Deficiency according to genotype
	Any Adverse Event
	Bone Marrow Toxicity
	GI Disturbance

	
	No
	Yes
	No
	Yes
	No
	Yes

	None
	70(74%)
	25 (26%)
	85 (90%)
	10 (10%)
	83 (87%)
	12 (13%)

	Mild/moderate
	39 (76%)
	12 (24%)
	47 (94%)
	3 (6%)
	44 (88%)
	6 (12%)

	Severe
	1 (20%)
	4 (80%)
	3 (60%)
	2 (40%)
	4 (80%)
	1 (20%)

	
	p=0.04
	p=0.07
	P=0.8


[bookmark: _Toc507417426]Table 7.5 Predicted ITPase Deficiency and Azathioprine related Adverse Events


[bookmark: _Toc485375348]TPMT and ITPA Genotype and AZA Metabolite Formation 
AZA metabolites measurements were available in 113 patients. Of these, 102 were TPMT wild-type, 11 were TPMT heterozygote, 71 were ITPA wild-type, 38 were ITPA heterozygous and 4 were ITPA variant homozygous/compound heterozygote. 

The dose of AZA ranged from between 0.4 mg/kg/day up to 3.2mg/kg/day. TPMT wild-type patients were on a higher dose of AZA compared to TPMT heterozygous patients (1.7 (0.7-3.2) vs. 1.0 (0.4-1.6) mg/kg/day; p<0.001). This dose difference was because eight of the 11 TPMT heterozygous patients in whom AZA metabolites were available, were at the induction phase of treatment, and hence were only being treated with 1mg/kg/day of AZA, in combination with prednisolone. A further patient was initially treated at another centre, and was only on 0.4mg/kg/day but was in stable steroid-free remission and hence the dose was not increased. 

[bookmark: OLE_LINK5]Despite being on a higher dose of AZA, TPMT wild-type patients produced less TGNs (210 (36-888) vs. 436 (80-596) pmol/8x108 RBCs; median difference 200 (95% CI 71-281) pmol/8x108 RBCs; p=0.003) and more MeMPNs (1022 (0-23798) vs. 115 (12-570) pmol/8x108 RBCs, median difference -862 (95% CI -1762 to -401) pmol/8x108 RBCs; p<0.001) compared to TPMT heterozygote patients (Table 7.6). 

In order to further assess the differences in metabolite formation for a given dose, patients were categorised by dose of AZA (1mg/kg/day (dose range 0.6-1.5 mg/kg) and 2mg/kg/day (dose range 1.6-2.5). For patients on both 1mg/kg/day and 2mg/kg/day, TPMT wild-type patients produced significantly lower TGNs and higher MEMPNs compared to TPMT heterozygote patients, as shown in Table 7.6. 

	
	TPMT Wild-type 
	TPMT Heterozygous 
	p

	Whole cohort:
AZA dose
TGN
MeMPN
	n=102
1.7 (0.7-3.2)
210 (36-888)
1022 (0-23798)
	n=11
1.0 (0.4-1.6)
436 (80-596)
115 (12-570)
	
<0.001
0.003
<0.001

	AZA 1mg/kg/day:
AZA dose
TGN
MeMPN
	n=40
1.1 (0.7-1.4)
166 (36-407)
620 (0-6952)
	n=8
1.0 (0.8-1.2)
436 (162-596)
111 (12-431)
	
0.2
0.002
0.001

	AZA 2mg/kg/day:
AZA dose
TGN
MeMPN
	n=59
2.0 (1.6-2.5)
226 (66-888)
1525 (243-23798)
	n=2
1.6 (1.6-1.6)
524 (487-561)
159 (129-189)
	
0.02
0.01
0.001


[bookmark: _Toc507417427]Table 7.6 TPMT Genotype and Metabolite Formation


As seen in Table 7.7, there were no differences found in AZA dose or metabolite formation between patients who were ITPA wildtype compared who were ITPA heterozygote or ITPA homozygote/compound heterozygote. Classifying patients according to their predicted ITPA deficiency or dose of AZA and excluding patients who were TPMT heterozygote did not alter this result (Table 7.7). However, among the TPMT heterozygote patients, MeMPNs were lower in the ITPA wildtype patients compared to the ITPA heterozygote patients (106 vs. 431, median difference 326 (95% CI -58 to 480) pmol/8x108 RBCs; p=0.05) (Table 7.7) but this result needs to be interpreted with caution as the patient numbers were small. 


	ITPA Genotype
	Wild-type Genotype
	Heterozygous Genotype
	Compound Heterozygous/
Homozygous Genotype
	p

	Whole cohort:
AZA dose
TGNs
MeMPNs
	n=71
1.7 (0.5-3.2)
220 (36-888)
965 (0-12106)
	n=38
1.6 (0.4-2.7)
212 (49-636)
787 (129-23798)

	n=4
1.6 (1.1-1.9)
175 (152-234)
647 (311-1044)
	
0.9
0.7
0.7

	AZA 1mg/kg/day:
TGNs
MeMPNs
	n=29

167 (36-596)
296 (0-6007)
	n=18

210 (49-436)
633 (161-6952)
	n=2

213 (192-235)
708 (373-1044)
	

0.8
0.1

	AZA 2mg/kg/day:
TGNs
MeMPNs
	n=41

236 (67-888)
1894(189-12106)
	n=18

228 (66-636)
939 (129-23799)
	n=2

155 (152-159)
617 (311-922)
	

0.4
0.09

	TMPT Wild-type:
AZA dose
TGNs
MeMPNs
	n=63
1.7 (0.9-3.2)
216 (36-888)
1205 (0-12106)
	n=35
1.6 (0.7-2.7)
210 (49-636)
957 (161-23798)
	n=4
1.6 (1.1-1.9)
175 (152-235)
648 (311-1044)
	
0.8
0.8
0.4

	TPMT Heterozygous:
AZA dose
TGNs
MeMPNs
	
n=8
1.0 (0.5-1.6)
423 (162-596)
106 (12-189)
	
n=3
0.9 (0.4-1.6)
436 (81-487)
431 (129-570)
	
n=0
	

0.5
0.5
0.05


[bookmark: _Toc507417428]Table 7.7 ITPA  Genotype and Metabolite Formation
[bookmark: _Toc485375349]TPMT Genotype and Phenotypic Activity Concordance
The distribution of TPMT activities for the whole cohort is shown in Figure 7.1. The break point between the ‘intermediate’ and ‘high’ activity ranges were examined at 9.0, 9.5, and 10.0 units, values based on the nadir of the TPMT frequency distributions in healthy control adults (76).  At 9.0 units, the sensitivity and specificity for detection of a variant allele was 92% and 96% respectively, at 9.5 units it was 92% for both, and at 10.0 units, it was 92% and 88% respectively. Hence, a 9.0 unit break point was used for data analysis. There were 137 patients who were TPMT wildtype and 13 who were TPMT heterozygote; 132 patients with high (>9 units) TPMT activity and 18 with intermediate (<9 units) activity.  The overall concordance was 95% but the concordance for the variant allele group was only 67%, with 6 (33%) of patients with intermediate activity having a wild-type genotype (Table 7.8). 
[image: ]
Figure 7.1 Frequency Distribution histogram for 150 AIH patients

	
TPMT Activity
	                                            TPMT Genotype

	
	Heterozygous
	Wild-type

	Intermediate (≤9.0 units)
	12
	6

	High (>9.0 units)
	1
	131


[bookmark: _Toc507417429]Table 7.8 Concordance between TPMT genotype and Phenotypic Activity for the 150 patients
Within the intermediate activity cohort (TPMT ≤9.0 units), metabolites were compared between patients with a wild-type and heterozygous genotype (Table 7.9). Despite the TPMT wild-type patients being on a higher dose of AZA then the heterozygote patients, less TGNs (although not statistically significant) and more MeMPNs were produced. 

The four patients who were wild-type with intermediate TPMT activity were on either 1.9 or 2.0 mg/kg/day of AZA. Metabolite accumulation was also compared between patients who were wild-type with an intermediate activity and those who were wild-type with a high activity, matched for AZA dose (i.e. only those on 1.9 or 2.0mg/kg/day. The TGNs were similar (250 vs. 220 pmol/8x108 RBCs, p=0.9) but there was a trend towards there being a difference in the MeMPNs (479 vs. 1525 pmol/8x108 RBCs; p=0.07) (Table 7.10).

AZA metabolites were not available in the single patient who had a heterozygote genotype with a high activity (12.4 units). This patient was withdrawn from AZA was withdrawn after 8 months of treatment with 1.2mg/kg/day due to leucopenia (WCC of 2.7, which did not improve with dose reduction). This occurred prior to the start of this study and the blood sample for TPMT determination was obtained while the patient was on mycophenolate.  



	TPMT ≤9.0 units
	Wild-type genotype (n=6)
	Heterozygous genotype (n=11)
	p

	AZA dose, mg/kg/day
	2.0 (1.9-2.0)
	1.0 (0.4-1.6)
	0.001

	TGNs, pmol
	250 (166-390)
	436 (80-596)
	0.104

	MeMPNs, pmol
	479 (311-1390)
	115 (12-570)
	0.02


[bookmark: _Toc507417430]Table 7.9 Metabolite accumulation within the TPMT intermediate activity cohort; wild-type genotype and heterozygous genotype compared


	TPMT Wild-type Genotype
	Intermediate TPMT Activity    (n=4)
	High TPMT activity (n=21)
	p

	AZA dose, mg/kg/day
	2.0 (1.9-2.0)
	2.0 (1.9-2.0)
	0.2

	TGNs, pmol
	250 (166-390)
	220 (68-462)
	0.9

	MeMPNs, pmol
	479 (311-1390)
	1525 (242-11135)
	0.07


[bookmark: _Toc507417431]Table 7.10 Metabolite accumulation within the TPMT wild-type genotype cohort: TMPT intermediate activity and high activity patients on 1.9 or 2mg/kg/day compared

[bookmark: _Toc485375350]Discussion
It is widely accepted that patients who are homozygous for TPMT variant alleles linked with TPMT enzyme deficiency show are at significant risk of life-threatening myelosuppression if treated with conventional doses of AZA (78, 132-134). In these patients, AZA is not recommended for the treatment of non-malignant conditions (127), and non-thiopurine immunosuppressant therapy should be considered instead. However, the clinical significance of heterozygosity for TPMT variant allele is less clear. In our study of 150 patients with AIH, we found no patients homozygous for the variant alleles. Thirteen (8.6%) patients were TPMT heterozygous (determined by genotype) and 3 (23%) experienced an adverse event. We found no association between TPMT heterozygosity and the occurrence of AZA related adverse events, including myelosuppression. There have been 5 previous studies in AIH that have examined the association between TPMT (either TPMT activity or genotype) and AZA intolerance (52, 79-81, 126),  and only one study finding that TPMT activity was lower in those who were intolerant to AZA compared to those who tolerated AZA (79). Ferucci et al specifically looked at leucopenia and found no association (80). A systemic review of 67 studies which included patients treated for AZA, regardless of indication, found that a TPMT variant allele was present in 24% of patients with AZA/MP induced myelosuppression and this was associated with an odds ratio of 4.19 (95% CI 3.2-5.5) of developing leucopenia (134). The median dose of AZA in our TPMT heterozygous patients was 1mg/kg and the maximum dose used was 1.6mg/kg, which is lower than that used in IBD (2-2.5mg/kg) and ALL (1.5-2.5mg/kg of 6MP, which is equivalent to 3-5mg/kg of AZA). It may be possible that we did not find an association between TPMT genotype and myelosuppression because of the low AZA dose used in our TPMT heterozygous patients.
We have shown, for the first time in AIH,  that patients who are heterozygous for TPMT produce significantly greater amount of the active TGNs compared to the TPMT wild-type patients. Our TPMT heterozygous patients, on 1mg/kg had TGN concentrations of 436 pmol/8x108 RBCs. We have previously shown that a TGN concentration of >220 pmol/8x108 RBCs was associated with the maintenance of remission in AIH (113). Myelosuppression is associated with higher TGN concentrations (135-137) and in IBD, a TGN concentration of >400 has been linked with the occurrence of adverse events (138). Thus there is a narrow therapeutic range for AZA. In childhood leukaemia, there is a risk of myelosuppression in TPMT heterozygote patients who receive standard 6MP doses (77, 139) and adjusting the dose downwards (by titrating against blood cell counts) in these patients led to a decrease in toxicity (85, 139) with no increase in the relapse rate (140, 141). Furthermore, there is an increased risk of secondary leukaemia in those with low TPMT and high TGNs, when thiopurines were dosed independently of TPMT status (142-144).  

However, it cannot be assumed that TPMT heterozygous patients have the same therapeutic range as the TPMT wild-type patient. A study of children with ALL which adopted chemotherapeutic protocols that titrated the 6MP dose to target cell counts found that for the same target cell range, the average 6MP dose tolerated by the TPMT heterozygote patient was only 15% lower than that tolerated by the TPMT wild-type patient, despite accumulating twice as high concentration of TGNs (145).  This has been attributed to the lower concentration of MeMPNs that accumulate in the TPMT heterozygous patient which are potent inhibitors of de novo purine synthesis (128) and are thought to augment TGN cytotoxicity.  Further studies are needed to establish the therapeutic range for TPMT heterozygous patients in AIH before dosing recommendations can be made in these patients. A sensible approach, in order to minimize the risk of both toxicity and under-treatment, would be to start at between 30-70% of the target dose and then titrate it up gradually to the maximum tolerated dose (127)

Unfortunately, due to the retrospective design of our study the association between AZA metabolite concentrations and adverse events could not be studied. Metabolite measurements were not available in most patients at the time of occurrence of the adverse event. 

Overall there was good concordance between TPMT genotype and phenotype. However, within the intermediate activity cohort, 33% of patients had a wild-type phenotype. We only tested for the common variant alleles (*3 and *2), which should account for >95% of TPMT mutations (146). It is possible that our intermediate activity/wild-type patients may have carried one of these rarer mutations, which have an incidence of 1 in 200 in Caucasian populations (129). However, the TGNs accumulated in these patients were similar to the high activity/wild-type patients and less than those with intermediate activity/heterozygous patients, thus indicating that these were true "false positives". Our results indicate that genotyping rather than phenotyping is a more accurate method of determining TPMT status prior to initiation of AZA treatment. TPMT activities have been shown to be affected by ethnicity(147), concurrent drug treatment (148), patient age (149), type of disease (150), and red cell kinetics and transfusions (105), thus making it a less reliable test compared to genotyping. Accepting that neither is 100% accurate, two recent studies that have also concluded that TPMT genotyping (for *3 and *2 mutations) is the more reliable test (105, 150). 

Recently there has been interest in the role of ITPA polymorphisms in the development of AZA induced adverse events. In ALL, the presence of the ITPA 94C>A allele has been linked to a significantly higher probability of febrile neutropenia in those patients whose dose had been adjusted for TPMT genotype (85). In IBD, it has been found to be associated with flu-like illness (84), arthralgia (86), and leucopenia (87) in individual studies but a meta-analysis by van Dieren et al. found no association with the occurrence of all adverse events, bone marrow toxicity, hepatotoxicity or pancreatitis (151). Ours is the first study of the effect of ITPA polymorphisms on AZA induced adverse events in AIH. We found that patients with polymorphisms associated with severe ITPase deficiency (homozygous for the 94C>A allele or compound heterozygous for the 94C>A and IVS2+21A>C) were more likely to experience an adverse event compared to the wild-type patients and those with predicted mild to moderate ITPase deficiency. There was no difference in the occurrence of adverse events between those who were wild-type and those with predicted mild to moderate deficiency.  94C>A heterozygotes were also not more likely to develop adverse events. This is in contrast to studies in ALL, where patients who were ITPA 94C>A heterozygous accumulated significantly greater concentrations of MeMPNs (85, 152). 

We did not find that the presence of ITPA deficiency allele affected the accumulation of metabolites, TGNs and MeMPNs, except among our patients who were TPMT heterozygous. This result however needs to be interpreted with caution as the patient numbers were small. If confirmed by other studies, this could be an indication of lower TIMP availability for MeMPN formation (higher thio-ITP) due to thio-ITP accumulation due to ITPA deficiency.  High thio-ITP could contribute to the greater toxicity associated with severe ITPase deficiency (Table 7.4).  The mechanism of ITPase deficiency leading to adverse events is currently unknown but may be related to the accumulation of thio-ITP. 

In summary, we conclude that although there is good overall concordance between TPMT genotype and phenotype, genotyping is the preferable test to determine TPMT prior to initiation of AZA treatment. We found that TPMT did not predict toxicity in our cohort of patients with AIH. However, TPMT heterozygous patients accumulated significantly more of the active metabolites, TGNs, compared to the TPMT wild-type patients, despite being of a lower dose of AZA. TPMT genetic determination pre-testing may be useful in AIH as these patients should be more cautiously started on AZA, with a lower initial dose used, and then titrated up as the tolerated.  However, the therapeutic range for heterozygote patients is unknown as these patients are usually able to tolerate much higher concentrations of TGNs compared to the wild-type patients. Patients with the ITPA variant alleles associated with severe ITPase deficiency were significantly more likely to develop AZA induced adverse events but the role of ITPA genetic polymorphisms in predicting adverse events needs further evaluation in AIH.   



[bookmark: _Toc485375351]Mycophenolate Mofetil as Second-line Treatment for Autoimmune Hepatitis
[bookmark: _Toc485375352]Introduction
Autoimmune hepatitis (AIH) is a chronic inflammatory disease of unknown aetiology, affecting between 10 to 17 people per 100 000 (2, 3). Untreated it often progresses to  liver cirrhosis and death (5). Randomised controlled trials have shown that treatment with prednisolone, either alone or in combination with azathioprine, is effective at inducing remission in up to 70% of patients after 36 months of treatment (6, 46) and this is the accepted standard treatment for AIH (41, 100). However, up to 40% of patients will not fully respond to standard treatment (59) and up to 20% of patients are intolerant to AZA. There is currently no consensus regarding the treatment of patients with sub-optimal response or intolerance. Alternative treatments that have been tried include cyclosporine, budesonide, tacrolimus, MMF and biological agents.

MMF is the pro-drug of mycophenolate acid, which is an inhibitor of inosine monophosphate dehydrogenase, the rate limiting enzyme in de novo purine synthesis. As lymphocytes do not possess alternative pathways of purine synthesis, they are preferentially targeted by this drug (91). MMF is a more potent immunosuppressive agent than azathioprine. Since the year 2000, 10 case series have described the use of MMF as a second-line treatment in a total of 196 adult patients with either AZA intolerance or incomplete response (92, 93, 153-160).  Patients treated with MMF because of AZA intolerance were more likely to respond compared to patients treated with MMF for incomplete response (58% versus 12%) (92, 93, 160).  All of the studies used biochemical parameters to define response and histological response to MMF was only reported in 27 patients (154, 155, 157, 159), with histological remission being achieved in 19 of the 27 patients. In a prospective evaluation of MMF as first-line treatment in 102 patients, the histological response to treatment was assessed 35 (34%), with 31/35 patients having “minimal or mild” histological activity (94). We have recently shown that this is an important end-point of treatment in that it predicts long-term survival (114). It is therefore important to assess the efficacy of MMF in achieving this endpoint in the different situations (AZA intolerance and AZA resistance). 

The aim of this retrospective study was to investigate the efficacy of MMF as a second-line treatment in AIH for patients who are intolerant to AZA and for patients who incompletely respond to standard treatment, with a specific focus on the histological response. 

[bookmark: _Toc485375353]Patients and Methods
Patients attending the Liver Unit at the Royal Hallamshire Hospital up until December 2012 with a diagnosis of definite or probable AIH according to International Autoimmune Hepatitis Group (IAIHG) criteria (29) and with past or current use of MMF because of either intolerance or incomplete response were eligible for inclusion. 

[bookmark: _Toc485375354]Treatment and indications for conversion to mycophenolate mofetil
Treatment is divided into two phases: for the induction of remission, combination of prednisolone and AZA 1mg/kg/day is used. Once biochemical remission has been achieved (defined as the normalisation of serum transaminases) and usually after confirmation of histological remission (defined as Ishak (99) necro-inflammatory score of ≤3), AZA is increased to 2mg/kg/day and prednisolone is gradually weaned down to the minimum required to maintain normal serum ALT, with the aim of complete withdrawal. AZA intolerance was defined as the development of AZA-related side effects which necessitated drug cessation. Non-response to standard treatment was defined as the inability to achieve biochemical remission or histological remission, or multiple relapses (defined according to IAIHG criteria (29): any elevation of transaminases with symptoms or >2x elevation if asymptomatic). Since 2003, it has been our unit’s policy to use MMF as the alternative to azathioprine for patients who develop intolerance to AZA. For those with non-response, MMF was used at the discretion of the treating physician.

Biochemical remission is defined as normalisation of serum ALT. Histological remission is defined as a Ishak histological activity index (HAI) of  ≤3 (99). 

[bookmark: _Toc485375355]Outcome Measures
For the purpose of this study, patients were divided into three groups; (i) commencement of MMF soon after diagnosis, during the induction of remission due to azathioprine intolerance, (ii) late commencement of MMF (during the maintenance of remission of phase of treatment) due to azathioprine intolerance, and (iii) conversion to MMF due to non-response, as defined above. 

In order to evaluate the efficacy of MMF for patients commenced on it early in the disease, results were compared to a control group consisting of all patients diagnosed with AIH and treated with the combination of prednisolone and azathioprine (standard treatment) for the induction of remission since 2003, which corresponds to the time MMF become our standard second-line treatment. 

For patients with non-response to AZA, treatment failure was defined as unchanged or worsening of transaminases. Treatment success was defined as normalisation of transaminases. Secondary outcomes were a reduction in steroid requirements with MMF, achievement of histological response and reduction in relapse rate. 

[bookmark: _Toc485375356]Statistical Analysis
Statistics was performed with Statistical Package for Social Sciences version 18 (IBM SPSS Inc, Chicago). Nonparametric tests were used. Wilcoxan rank-sum test was used to compare pre-treatment and on-treatment values. Mann-Whitney U test was used to compare patients on MMF and AZA. Categorical variables were compared with chi-squared test.

[bookmark: _Toc485375357]Results
A total of 41 patients were identified as having been treated with MMF. Three patients were excluded from further analysis; in two because MMF was used to treat a second autoimmune disease (both had well controlled AIH with AZA treatment). In the third, MMF was started because of presumed thiopurine methyltransferase deficiency but when this was proved to be untrue, the patient was converted to AZA, which was well tolerated. Thus, 38 patients are included in this analysis, as summarised in Figure 8.1. 

[bookmark: _Toc485375358]Mycophenolate mofetil for patients intolerant to azathioprine during the induction of remission	

 Eighteen patients were started on MMF during the induction of remission phase of treatment because of azathioprine intolerance (nausea and vomiting in 14 patients, flu-like symptoms in 2 patients, possible hepatotoxicity in 1 patient and sepsis in 1 patient). The median time of azathioprine treatment was 35 days (range 17-196 days). Two of the 18 stopped MMF due to side effects after less than a week (one due to severe rash, and the other due to headaches and fatigue) and are excluded from further analysis, leaving 16 patients in this group. These patients were compared against a control group consisting of 44 patients, consisting of all the other patients diagnosed over the same time period (2003 until 2010), who were treated with standard therapy (prednisolone+azathioprine). The characteristics of the two groups are shown in Table 8.1. 
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[bookmark: _Toc507418494]Figure 8.1 Summary of the patients treated with mycophenolate 


	
	Mycophenolate Treated Patients 
  (n=16)
	Azathioprine Treated Patients
 (n=44)
	
p

	Age, years
	62 (36-81)
	59 (18-75)
	0.1

	Female, number
	15 (94%)
	35 (80%)
	0.2

	IAIHG Score
	17 (10-22)
	16 (10-22)
	0.9

	Definite AIH
	7 (44%)
	15 (34%)
	0.5

	ALT at presentation, iu/ml
	739 (84-1414)
	350 (48-1610)
	0.5

	Cirrhotic, number
	1 (6%)
	9 (20%)
	0.4

	Starting Prednisolone dose, mg/day
	30 (10-60)
	35 (10-60)
	0.9



[bookmark: _Toc507417432]Table 8.1 Baseline characteristics of patients who were treated with mycophenolate compared to those treated with azathioprine for induction of remission 

All of the patients on MMF and 42 (95%) of the patients on AZA achieved biochemical remission. The time taken to achieve biochemical remission was not significantly different (72 (10-454) vs. 39 (0-328) days; p=0.1) and neither was the cumulative prednisolone dose taken to achieve biochemical remission (1.8 (0.3-5.3) vs 0.96 (0-5.4)g; p= 0.07). There was also no between the groups with regards to ALT at 3 (25 vs. 29 ; p=0.9),6 (20 vs. 22; p=0.7), 12 (24 vs. 20; p=0.6)  and 24 months (24 vs. 21; p=0.5) (Figure 8.2). 

All but two patients (1 from the MMF group and 1 from the AZA group, both not done due to patient frailty) had a follow-up biopsy done after 24 (1-37) months in sustained biochemical remission. The proportion of patients achieving histological remission was similar in both groups (53% vs 47%; p=0.6), as was the necro-inflammatory score on follow-up biopsy (3 (0-8) vs 4 (1-7);p=0.6) (Figure 8.3 A). Although comparable at baseline (3 vs. 3; p=0.8), fibrosis stage on follow-up biopsy was lower in those treated with MMF (1 vs. 3; p=0.01) (Figure 8.3 B). Patients treated with MMF were more likely to have regression of fibrosis (11 (79%) vs 18 (43%), p=0.03) (Table 8.2). 



[bookmark: _Toc507418495]Figure 8.2 Comparison of ALT over the first 24 months from diagnosis, shown for each individual patients at studied time point of at presentation, and after 3, 6,12 and 24 months, in blue for the 44 patients on azathioprine and in red for the 16 patient on mycophenolate. The solid line indicates the median for each respective group. The dotted line indicates the level below which ALT is normal.   There was no difference in the ALT at any time point between those on azathioprine and mycophenolate. 
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[bookmark: _Toc507418496]Figure 8.3 The (A) necroinflammatory score and (B) fibrosis score, according to Ishak criteria (99) at diagnostic and follow-up biopsy. Results are shown for each individual patient, with blue indicating patients on azathioprine and red those on mycophenolate. The solid line indicates the median. The dotted line on (A) shows the necroinflammatory score, including and below which is considered to be histological remission (NIS ≤ 3). Follow-up biopsy was done after 24 months of treatment. (A) The necroinflammatory score on follow-up biopsy was not significantly different between those on azathioprine and mycophenolate. (B) Although comparable at baseline, fibrosis stage on follow-up biopsy was lower in those treated with MMF. 




	
	Regression of Fibrosis
	Unchanged 
	Progression of Fibrosis 

	MMF treated
	11 (73%)
	2 ((13%)
	1 (6%)

	AZA treated 
	18 ((42%)
	14 (33%)
	10 (23%)


[bookmark: _Toc507417433]Table 8.2 Change in fibrosis between diagnostic and follow-up biopsy in patients treated with mycophenolate and azathioprine

[bookmark: _Toc485375359]Mycophenolate mofetil commenced for patients during the maintenance of remission due to azathioprine intolerance
Eight patients commenced on MMF 11 (2.6-34.9) years after diagnosis. All of these patients were in biochemical and/or histological remission at time of MMF commencement and all had AZA intolerance. In three, AZA intolerance had occurred many years previously (nausea in two, and leucopenia in one patient) and they were maintained in remission with prednisolone monotherapy. Four patients were being maintained in remission with a combination of prednisolone and AZA and a further patient was maintained on AZA monotherapy, and the development of intolerance necessitated AZA withdrawal (hepatotoxicity in three (two biopsy confirmed), leucopenia in one and leg warts in one). On MMF, prednisolone was able to be withdrawn in four (50%) of the patients, reduced in one, remained unchanged in two and increased in one patient (due to relapse 3 months after starting MMF). The number of disease relapses experienced with MMF treatment was similar to that prior to MMF treatment (0 (range 0-1) vs. 0 (range 0-0.12) relapses/year of disease; p= 0.1). None of these patients had a liver biopsy whilst on MMF. 

[bookmark: _Toc485375360]Mycophenolate mofetil for non-response to standard treatment
Twelve of the 38 (32%) patients were started on MMF because standard therapy failed to adequately control disease activity after a median of 10.7 (2.4-31.9) years of treatment. These patients were having multiple relapses and steroid-dependent disease with AZA and all had active disease at time of commencing MMF. Of the twelve, one patient stopped MMF after 3 weeks due to intolerance (nausea) (Figure 8.5)
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[bookmark: _Toc507418497]Figure 8.4 Summary of patients treated with mycophenolate for non-response to standard treatment

Three patients (25%) experienced treatment failure, with subsequent withdrawal of MMF- in one, ALT increased to >10x the ULN four months after starting treatment with MMF; and in two, there was no improvement in ALT after 12 months of treatment. 

The remaining eight patients (67%) showed a response to MMF. These patients have been followed-up for 7 (1.96-10.65) years on MMF treatment. Biochemical remission was achieved in all eight after 9.8 (1-15) months of treatment with MMF. Compared with at the start of treatment with MMF, ALT improved from 81 (51-177) to 49 (22-119) (p=0.07) at 12 months and to 30 (11-50) at last follow-up (p=0.01); prednisolone dose reduced in all patients, from a median of 20 (10-30) mg/day to 10 (3-30) mg/day at 12 months (p=0.02) and to 5 (0-10) mg/day at last follow-up, and was successfully withdrawn in two patients.  Relapse rate also improved, from 0.5 (0.01-1.2) relapses/year to 0.1 (0-0.5) relapses/year; p=0.03. One patient who had been diagnosed 2.4 years previously had never achieved remission prior to MMF; with MMF treatment, biochemical remission was achieved after 9 months of treatment, and histological remission was also confirmed. Four of the eight patients had a liver biopsy 17 (8-86) months after starting MMF treatment and all showed histological remission. There was no change in fibrosis stage (3 vs 3.5; p=1).  

[bookmark: _Toc485375361]Tolerability of mycophenolate mofetil
Twelve of the 38 patients (32%) experienced side effects with MMF; three (8%) had to stop treatment within a month because of the side-effects (severe rash in one, headaches in one and nausea in one patient) (Figure 8.6). In six patients, the side-effects lead to a reduction in dose (three with diarrhoea, one with nausea and in two, there was sepsis, and MMF was temporarily stopped, to be restarted at a reduced dose at a later date). In the other patients (two who experienced nausea, one fatigue), MMF was temporarily stopped and there was no recurrence of symptoms on re-challenge.  
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[bookmark: _Toc507418498]Figure 8.5 Side effects experienced by patients treated with mycophenolate

[bookmark: _Toc485375362]Discussion
Managing patients with AIH who are intolerant to or do not respond to standard (prednisolone and AZA) treatment is challenging as there is no widely agreed treatment. Retrospective studies have reported on the use of other immunosuppressive agents for these patients including tacrolimus, cyclosporine ,cyclophosphamide (47) and MMF. The use of cyclosporine, cyclophophamide and tacrolimus is limited by their toxicity profiles which include nephrotoxicity and neurotoxicity.  

MMF has been used in the transplant setting for several years. It has been shown to be superior to azathioprine in preventing acute and chronic allograft rejection in liver transplant recipients (161). MMF acts through inhibition of de novo purine synthesis, resulting in decreased DNA synthesis and consequently, decreased proliferation of T lymphocytes. Its use in AIH has previously been reported in retrospective case series. Early reports were encouraging with Richardson et al (159) reporting on 7 patients who were resistant or intolerant to standard treatment  found that 71% of patients achieved biochemical remission with mean steroid dose decreasing from 20mg/day to 2mg/day. Additionally, all patients were in histological remission after a median of 25 months of treatment. Devlin et al (155) in their series of five patients reported biochemical improvement and decrease in steroid dose in all patients. Liver biopsy was only performed on one patient and this showed histological remission. A Canadian series (153) of 13 patients found that 61.5% of patients achieved sustained biochemical remission with MMF after a mean of four months. There was no assessment of histological activity. Inductivo-Yu et al (157) reported on biochemical and histological response in 15 patients with either azathioprine intolerance or nonresponse; biochemical and histological remission was achieved by 11 (73%) patients, with an improvement in fibrosis stage seen in eight (53%) patients. 

In the above reports, no distinction was made between those who were intolerant or nonresponsive to azathioprine. Two more recent reports analysed these patients separately. Hennes et al (92) found that MMF induced biochemical remission in 43% of patients who were intolerant to azathioprine and 25% in those who were not responding to standard treatment. Sharzehi et al (93) found a biochemical remission rate of 88% in those intolerant of azathioprine. However, biochemical remission was not attained in any of the nonresponders. Histological response was not assessed in either of these two studies. 

At our centre, the majority of patients were converted to MMF because of azathioprine intolerance (68%). MMF was shown to be effective in inducing biochemical and histological remission, with all the patients attaining biochemical remission within 12 months and 53% attaining histological remission after a period of 24 months of treatment. When compared to a control group of patients who received standard immunosuppressive, there was no difference in biochemical response rates, time taken to attain biochemical remission or histological remission rates between the two groups. We have made a novel observation that fibrosis is more likely to regress in patients on MMF, compared to those on AZA (79% vs 43%), suggesting that MMF might be a more effective treatment compared to AZA. However, the number of patients on MMF was small and hence this result should be interpreted with caution and would require further evaluation. 

In those who were being maintained in remission on either prednisolone and/or AZA who were then commenced on MMF due to AZA intolerance, MMF was affective at maintaining the remission, with comparable relapse rate pre- and during MMF treatment. Additionally, prednisolone was also able to withdrawn in half the patients.

Among the patients who were non-responders to AZA, treatment with MMF was successful, with normalisation of transaminases achieved in 67% of patients, and a corresponding reduction in prednisolone dose as well as relapse rate. However, in only two patient a complete withdrawal of prednisolone was possible. Histology was only available in four patients (33%), with histological remission seen in all four. There was no improvement in fibrosis stage but the number of patients is too small to allow for meaningful analysis. Treatment failure, with either worsening or no improvement in serum transaminases was seen in 25% of patients. 

One of the strengths of this study is that response to MMF is reported based on the indication for its use. This distinction is important as patients who are nonresponsive to standard therapy are likely to have more aggressive disease and grouping all patients together may lead to an under-reporting of MMF efficacy in those intolerant to standard treatment and conversely, over-reporting of efficacy in those who are nonresponsive. Furthermore, we report on rates of histological remission. A control group was included to enable comparison of efficacy of MMF against azathioprine at inducing remission. A limitation of this study is that is retrospective in nature without a standardised protocol for managing the patients who failed standard therapy.

In summary, we found that MMF is a suitable alternative for patients who are intolerant to azathioprine, with comparable remission rates. Our findings also suggest that MMF can be successful in treating patients with non-responsive disease and, given the lack of any better alternative, a trial of MMF in these patients can be recommended. 

[bookmark: _Toc485375363]Conclusion 
Randomised controlled trials performed in the 1970’s (5-7) showed the benefit of treatment in dramatically improving survival and these studies form the basis of standard treatment for AIH still used today. However, as long-term experience is beginning to emerge, it appears that current treatment for AIH may be sub-optimal. Patients with treated AIH have a generally good medium-term outcome, with 10-year survival rates reported to be up to 93%, similar to that for age- and gender- matched controls (64, 65). However, more recently published studies have shown that longer-term survival (beyond 15 years) is reduced compared to matched controls (9, 66), with one study reporting 20-year survival from liver-related death/transplant of 70% at 20 years (66). 

It has been reported that between 10-40% of patients progress to cirrhosis despite treatment (9, 28, 64, 66), and the development of cirrhosis was found to be an independent predictor of poor outcome  (28).  Absence of, or “minimal” (portal inflammation with no or minimal interface hepatitis) inflammation on liver biopsy is thought to prevent progression of fibrosis and this is the desired outcome of treatment (6). Serum transaminases and γ-globulin/IgG are often used as surrogate markers for determining severity of inflammation but the level of elevation in activity of ALT or AST does not correlate closely with disease severity as even mild elevations can be associated with significant histological inflammation (10). 

Nearly half of our patients with treated AIH who achieved biochemical remission (normalisation of ALT and globulin) had persisting histological activity. Although patients in histological remission had lower serum ALT and AST values at re-biopsy then those who were not, there were no values that could reliably predict remission. Likewise, serum globulin did not predict histological remission. The patients with ongoing histological activity patients who had persisting histological activity were at higher risk of death/transplantation compared to patients who were in histological remission (SMR 1.4 vs. 0.7; p<0.05).

These results suggest that the current treatment regimen is inadequately controlling the disease activity in a significant proportion of patients. At our unit, we used prednisolone 20-40mg/day (reducing dose) with AZA 1mg/kg to induce remission and after at least two years of treatment (preferably after histological remission/improvement was shown), AZA is increased to 2mg/kg/day and prednisolone is withdrawn. 

AZA is a pro-drug that undergoes extensive intracellular activation by a multi-enzymatic process in order to form the active metabolites, TGNs. The ability to form TGN active metabolites after a dose of AZA is partially determined by variations in thiopurine methyltransferase (TPMT) activity, which is under the control of a common genetic polymorphism inherited in an autosomal codominant pattern. We sought to study the clinical significance of the metabolites (TGN and MeMPN) as well as the significance of genetic polymorphisms of TMPT and ITPA, to ascertain if treatment with AZA can be better optimised for patients with AIH. 

My findings show that TGN, the active AZA metabolite, accumulates gradually and takes eight weeks to achieve steady state. It is known that AZA has a delayed onset of action, and the time taken to achieve steady-state may partially explain this. It was also demonstrated that dose increase of AZA is associated with increase in TGN, but not in a predictable manner, with no correlation between the increases in dose with the corresponding increase in TGN. 

It was demonstrated successful maintenance of remission during treatment with AZA was associated with higher average TGN levels than was failure to maintain remission. Specifically, TGN values of >220 pmol/8x108 RBCs were significantly associated with continued AIH remission. Repeated metabolite measurements were done in patients over the study period, and a wide intra-patient variation in the TGN concentrations was found. As RBC TGN concentrations reflect accumulation over several doses rather than the dose taken the day before (73), partial compliance may be a contributing factor to the observed intra-patient variability. I suggest that TGN measurements should be considered for those who have active disease as TGN concentrations may help identify patients who have inadequate immunosuppression, and may also point to non-compliance. Care must be taken to exclude the latter if increasing the AZA dose. In those where non-compliance has been excluded and the TGN concentration is low, dose increase with TGN metabolite monitoring may be useful as accumulation of TGN exhibited non-linear kinetics on dose escalation. However, it is not known if tailoring the dose of AZA according to TGN concentration would lead to improved remission rates, and this needs to be further studied. 

Adverse events with AZA occurred in 27% of patients, with drug withdrawal in 21%.  There was no association observed between TPMT heterozygosity and the occurrence of AZA related adverse events, including myelosuppression. However, the dose of AZA used in the TPMT heterozygote patients was lower compared to the TPMT wild-type patients, which may explain the lack of increase in adverse events in the TPMT heterozygous patients. Despite the lower dose, they accumulated significantly higher TGN concentrations and myelosuppression has previously been shown to be associated with higher TGN concentrations (135-137). TPMT genetic determination pre-testing may be useful in AIH as these patients should be more cautiously started on AZA, with a lower initial dose used, and then titrated up as the tolerated.  However, the therapeutic range for heterozygote patients is unknown as these patients are usually able to tolerate much higher concentrations of TGNs compared to the wild-type patients. 

Patients with the ITPA variant alleles associated with severe ITPase deficiency were significantly more likely to develop AZA induced adverse events. However, this is the first study of ITPA variant alleles in AIH, and there should be confirmation of these findings before routine genotyping of ITPA is to be recommended. 

Finally, for patients who are intolerant to AZA, it was found that MMF is a suitable alternative with comparable remission rates. The findings also suggest that MMF can be successful in treating patients with non-responsive disease and, given the lack of any proven alternative, a trial of MMF in these patients should be considered.
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Information Sheet for
Patients with Autoimmune Hepatitis

1.	Research Project Title:
Short title:	Azathioprine therapy in autoimmune hepatitis.

2.	Invitation paragraph
You are being invited to take part in a research project. This is an educational project, two student doctors will be working on this project as part of a B Med Sci degree; this project will form part of their medical training.  Before you decide to take part it is important for you to understand why the research is being done and what it will involve. Please take time to read the following information carefully and discuss it with others if you wish. Ask us if there is anything that is not clear or if you would like more information. Take time to decide whether or not you wish to take part. Thank you for reading this.

3.	Why have I been chosen?
We understand that you are suffering from a chronic liver condition called autoimmune hepatitis (AIH) and are being treated (or have been treated) with the drug azathioprine.  We will be asking all patients with AIH to take part in this study.

4.	What is the project’s purpose?
We aim to improve the outcome of azathioprine therapy for the treatment of AIH.  

Azathioprine plus prednisolone is the standard (and probably the best) treatment for AIH. However in about one third of patients, treatment is not fully effective in suppressing the liver inflammation. In other patients, AIH may relapse despite treatment. Also, although azathioprine is usually well tolerated and safe, about 10% of patients have to stop the drug because of side effects. We hope to improve the effectiveness of azathioprine therapy for AIH. 
Azathioprine itself is not an active drug but is converted to active compounds (metabolites) by specialised proteins in the body (called enzymes). In this research study, we wish to measure these enzymes (including the genes for these enzymes) and active metabolites in the blood of patients with AIH taking azathioprine. This is to see if patients who respond successfully to azathioprine have different enzyme and metabolite levels from those who do not respond so well. Such information might allow safe adjustment of azathioprine dose to increase the chances of a successful response to the drug, whilst avoiding side effects. 

5.	Do I have to take part?
It is up to you to decide whether or not to take part. If you do decide to take part you will be given this information sheet to keep and you will be asked to sign a consent form.  You can still withdraw at any time.  You do not have to give a reason. Your decision will NOT affect the standard or type of care that you receive.

6.	What will happen to me if I take part?
 We are sending this information sheet to you by post. We will then approach you about this study during your forthcoming clinic appointment.  We will go through this information sheet.. If you agree to take part in this study we will ask you to sign a consent form.  We will ask you some questions about your liver condition and your azathioprine therapy.  We will also review your case notes and allocate a code to your name and information
At each of your clinic visits for the next 12 months, we will take some extra blood, 10 ml (2 teaspoons), at the same time as we take your routine blood samples (no extra needle pricks will be needed).  We will use this extra blood sample to measure drug metabolites and enzymes.  You will not be required to attend hospital for any extra clinic visits. Any other tests (for example liver biopsies) you have are part of your routine clinical management and are not part of this study. 

We will store the samples for analysis using your allocated code.  When we measure drug metabolites and enzymes we will deal with coded samples. We will store the results in a database alongside your code and other relevant information such as your age, weight, severity of liver damage and dose and duration of azathioprine treatment.  We will not use your name or other such identifiable information on this database.  

 7.	What do I have to do?
You are asked to allow us to take a 10 ml (2 teaspoons) extra blood sample at the same time as the blood samples for your routine clinic blood tests.

8.	Will my taking part in this project be kept confidential?
All information collected will be kept strictly confidential.  Your data will be stored on an electronic database that only Dr Gleeson and the other people conducting the study will have access to.  In this database you and your samples will be allocated a code.  The link between the code and your name will be held only by Dr Gleeson and Dr Lennard, the two people in charge of the study. You cannot be identified from this data nor from any reports that may result from this study

9.	What are the possible benefits of taking part?
There are no immediate benefits for patients participating in this study.  

10. 	What are the possible disadvantages and risks of taking part?
None, as far as we are aware. There may be slight temporary discomfort or bruising where the blood is taken from, but blood is being taken anyway for the routine tests you have been having at all your clinic visits.

11.	Will my treatment be affected in any way?
No.  Your participation in this study is not connected in any way to the ongoing  management of your autoimmune hepatitis.

12.	What will happen if I do not want to carry on with the study?
If you withdraw from the study, if you wish, we will destroy all your identifiable samples.  However, we will need to use the data collected up to your withdrawal.
	
13.		What if I am harmed?
If you are harmed by your participation in the study, there are no specific compensatory measures. If you are harmed because of negligent practice, then you will be eligible for recourse to the NHS complaints procedure.

14.	What if there is a problem?
If you have cause to complain about any aspect of the study, the normal National Health Service complaints mechanism is available to you and is not compromised in any respect because of your participation in this project. If you have any concerns, please contact the project co-ordinator: Dr D Gleeson (Consultant Hepatologist, Royal Hallamshire Hospital). The NHS complaints procedure is instigated by contacting the Patients’ Representative via the main switchboard of the Hallamshire Hospital.

15. 	What will happen to the results of the research study?
We will publish the results of the study in a scientific journal.  We may also write reports for organisations interested in developments that may lead to improved health.  We will produce a hand-out to be distributed to patients with autoimmune hepatitis which summarises the main findings of this study.  You will not be identifiable in these reports.
Contact for Further Information
Dr Dermot Gleeson
Consultant Hepatologist
Royal Hallamshire Hospital
Glossop Road
Sheffield
S10 2JF

Tel: 0114 271 3652

You will be given a copy of this information sheet and a signed consent form for you to keep.

Thank you for taking part in this study.
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                                       Patient Consent Form

	
Title of Project:   Azathioprine therapy in autoimmune hepatitis.
Names of Researchers:  Dr D Gleeson & Dr L Lennard
Participant Identification Number for this project:
									         Please initial box
1. I confirm that I have read and understand the information sheet dated 
01.09.09 for the above project and have had the opportunity to
 ask questions.
2. I understand that my participation is voluntary and that I am
      free to withdraw at any time without giving any reason.
3. I give permission for the analysis of my blood sample, containing DNA 
(genetic material), for the purposes of the current study.
4.   I give permission for storage of my samples for possible future studies, 
      with the appropriate ethical approval, to identify drug metabolites, enzymes 
      or genes relevant to an improved understanding of autoimmune hepatitis. 
      I understand that my DNA will not be used for any other purpose.      
5.  I understand that relevant sections of my medical notes, and data collected
     during the study, will be looked at by individuals from the research team, 
     from regulatory authorities or from the NHS trust.  I give permission for these
     individuals to have access to my records.
6.   I understand that my clinical data will be anonymised before analysis.
7.  I understand that I will not personally benefit, financially or otherwise, from 
     my gift of blood samples.  This includes the circumstances of my samples 
     being involved in research resulting in the development of a new   treatment 
     or medical test.
8.   I agree to take part in the above project.
________________         ____________________
Name of Participant	Date	Signature
_________________________	________________         ____________________
Name of Person taking consent	Date	Signature


When completed:- 1 for the patient, 1 for the researchers site file, 1 (original) to be kept in medical notes.
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telephone number 0114 2713179

Yours sincerely

Elaine McFarlane
Liver Specialist Nurse
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