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DR. CEDERBRANT:  Okay, good morning everyone.  Can you hear me all right?  Good, thank you. Thank you to the organizers for the invitation.  I am sorry if I brought along the Swedish winter to you now but I hope to be able to warm you up with some science for compensation. And I thought I should try to do that by telling you the story of Exanta, or  ximelagatran, from an immunological point of view.  And in support of this, I will use systems biology data and also some in vitro results that could support the hypotheses that I will bring forward today.
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First I want to give you some background for ximelagatran or “Exanta” and why late clinical trials were stopped.  This compound  went very far in development, so it was not so a happy moment for us, if you could understand.



thrombin

EXANTA™ (ximelagatran) was developed as an 
oral direct thrombin inhibitor

Ximelagatran

Melagatran
(active drug) 

Mw ~470 g/mol

Binds rapidly, 
reversibly and

competitively to
active site 

Ki=0.002µM
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Ximelagatran was designed as an oral direct thrombin inhibitor.  The active drug, and also major metabolite, is actually melagatran and it binds reversibly to the active site of the thrombin.  The problem was that we could see in about 7.9 percent of the patients treated there was a transient ALAT elevation, as compared to the control agent (warfarin) that only was 1.2%.  This was only seen in what we call the long-term studies, more than 35 days of treatment.



ALAT xULN>3 546 (7.9%) (1.2%)75

Bilirubin xULN>2 86 (1.2%) (1.1%)66

ALP xULN 47 (0.7%) (0.4%)22>3

ASAT xULN>3 354 (5.1%) (0.8%)50

Parameter Exanta
n=6948

Comparator
n=6230

Incidence of Hepatic Tests Elevations 
Long-term Studies (>35 Days)

Presenter
Presentation Notes
LFTs were conducted on a routine basis in the Exanta clinical developement programme. These included:



ALAT – elevated levels are an indicator of hepatocyte damage

ASAT (aspartate aminotransferase) – another indicator of hepatocyte damage

Bilirubin – elevated levels indicate reduction in bile flow

ALP (alkaline phosphatase) – elevated levels confirm obstruction of the biliary system



This slide shows that elevation in ALAT is the most frequent finding. ASAT elevations are seen concomitantly with ALAT elevations although to a lesser extent. There was no statistically significant difference in bilirubin and ALP elevations between patients taking Exanta and the comparator.



 

Pattern of serum ALAT (>3xULN) observed with 
ximelagatran treatment >35 days. 

Months since randomisation

93% detected < 6 months
98% detected <12 months
ALAT response was transient
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Generally, the pattern for ALAT elevations looks like this.  It peaks at around day one hundred.  And whether or not the therapy was continued or discontinued, the ALAT elevation went down with time.  So it was actually a transient lapse we were observing.

Patients with ALT<2xuln at base line

ALT checks: base-line, day 1, day 8-11, day 23, day 35, and day 56( = post treatment)





•
 

No evidence of hepatotoxicity in short-term treatment

The EXTEND study
•

 
Ximelagatran in hip replacement and hip fracture 
surgery; 35 days treatment

- Approx 386 patients treated for 35 days and passed the day 56 
assessment

•

 

One patient developed severe symptomatic liver disese after having 
normal ALAT value at day 35. Reaction started on day 62.

•

 

11 patients developed ALAT> 3xULN between day 35 and day 56

Short term treatment

EXANTA™ withdrawn from clinical development in Feb 2006
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We thought that since there were no evidence of ALAT elevation in short-term treatment, we did the EXTEND study that aimed at the 35-day treatment instead.  But we weren't so lucky this time, unfortunately.  Between day 35 and day 56, 11 patients presented with elevated ALAT. One patient  developed severe liver disease reaction on day 62, quite late after the last dose and Exanta was withdrawn from clinical development in February 2006.
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I will now move on to a pharmacogenetic case control study – the Exgen study.

When we studied the ALAT elevations we observed that there was a gradient increasing from south to north and from east to west. We actually had the highest proportions of ALAT elevations in Scandinavia, 14 percent, as compared to East Asia, where we only saw about 2 percent of subjects showing elevated ALAT. 



The geographic differences in ALAT elevation (>3xULN) 
indicated an underlying genetic predisposition

Scandinavia ≈

 

14%

E. Asia ≈

 

2%

Rest of Europe ≈

 

7%

Increasing 
gradient:
South→North
East→West
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Scandinavia = Sweden & Norway



Rest of Europe = Bulgaria, Czech Republic, Hungary, Poland, Russian Federation, Denmark, Estonia, Finland, Iceland, Ireland, Latvia, Lithuania, United Kingdom of Great Britain and Northern Ireland, Greece, Italy, Portugal, 

Spain, Austria, Belgium, France, Germany, Netherlands, Switzerland 



E. Asia = Japan & Hong Kong



Selection of cases and controls
treated individual
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•
 

78 cases
- ALAT elevation of >3xULN and typical pattern

•
 

131 matched controls
- Normal ALAT during treatment (<1xULN)

•
 

39 intermediate controls
- ALAT elevation between1xULN and 3xULN
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Controls were matched to cases for age, weight, sex, country and site as far as was operationally possible.

We choose 78 cases who had typical ALAT-pattern with a peak around day one hundred and then the transient lapse.  Then we included 131 matched controls and the 39 intermediate controls who had an ALAT elevation between one and three times the upper limit of normal.



Results: HLA-association with ALAT elevations 

HLA DRB1*0701 genotype vs 
maximum ALAT.  Levels of ALAT in all 
subjects with 0, 1 and 2 copies of the 
allele. Kindmark et al 2007.

•
 

Highest-ranked SNP close 
to HLA-DRB1 (p=10-7)

•
 

The functional allele 
responsible for this 
association was 
DRB1*0701 (p=10-6)

•
 

DRB1*0701 was found in 
nearly half of the observed 
cases: 
– Sensitivity =  47%

– Specificity =  83%
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Sensitivity and specificity figures based on cases & controls only (not IC)

The highest ranked SNP was found close to the HLA-DRB1 locus.  When we did the fine mapping, we could see that it was the 0701 allele that actually was responsible for this correlation. Even though it was a  high correlation to this allele, the sensitivity and the specificity was not good enough for us to be able to include this in the risk prediction for patients.  But as you can see, there was a correlation between the number of alleles in the subjects as well when you look at the intensity of the ALAT response. 



Geographical distribution of DR7 is similar 
to ALAT elevations

Scandinavia ≈

 

21% (vs 14% ALAT 
elevations)

Asia ≈

 

1% (vs 2%)

Rest of Europe ≈

 

24% (vs 7%)
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DR7 frequency = predicted carrier frequency



Scandinavia = Sweden & Norway 



Rest of Europe = Bulgaria, Czech Republic, Hungary, Poland, Russian Federation, Denmark, Estonia, Finland, Iceland, Ireland, Latvia, Lithuania, United Kingdom of Great Britain and Northern Ireland, Greece, Italy, Portugal, 

Spain, Austria, Belgium, France, Germany, Netherlands, Switzerland 



E. Asia = Japan







Characteristics of the HLA-DRB1*0701 allele 
and gene product

•
 

DRB1*0701 forms extended 
haplotype with DQA1*02 (p=10-5)

•
 

DRB1*0701-DQA1*02 associated 
with elevated ALAT:
- Autoimmune hepatitis type 2 

- Hepatotoxicity during antituberculosis 
treatment Role of HLA-DR is to 

present antigens to T- 
cells (eg. drug-modified 
peptides)

Zavala-Ruiz et al (2004)
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So what is so interesting about this molecule? Well, for those who are already into immunology you know that the DR molecules are those that could actually present new antigens to T cells, generating a T-specific drug response.  We could also see that the 0701 was associated with the DQA1, and they normally form an extended haplotype together.  This provided even stronger evidence of this HLA-specific association.

According to the literature, there is also an association between the 0701 together with A1 when you look at autoimmune hepatitis type II, or  when we look at the hepatotoxicity associated with anti-tuberculosis treatment.  Even though there is sometimes inconsistent evidence in the literature, there are some studies showing that these HLA-types actually are associated with liver injury.
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Proteomics/Metabonomics study 
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To continue even more, we did a proteomics metabolomics study where we used plasma samples from a clinical trial.  This was done as a collaboration study between AstraZeneca (Safety assessment) and BG Medicine.



Ximelagatran Proteomics / Metabolomics Study

Objectives:
• Biomarkers indicative of pre-disposition to developing ALAT 

elevation. 27 cases and 58 controls.

• Biomarkers of putative treatment effect in subjects who developed 
ALAT elevation. Data from 13 cases with both pre-dose and pre-ALAT 
peak or at ALAT peak sample.

• Putative biological mechanism for ALAT elevation

• Retrospective case-control study on stored plasma samples from
clinical trial Sportif III

• AZ Safety Assessment Södertälje/Molecular Toxicology in collaboration
with BG Medicine (Waltham, USA)
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The first objective of this study was to look for pre- disposition biomarkers.  For that, we used 27 cases and 58 controls.  Then we wanted to look at the putative treatment effects.  For this part of the study, we could use 13 cases for who we had samples before and after treatment. The third objective was to generate hypotheses for a mechanism. 



• Analytical platforms 
• Polar LC/MS (at AZ)

• NMR (at AZ)

• Lipid LC/MS (at BGM)

• GC/MS (at BGM)

• Polar LC/MS (at BGM)

• Proteomics (at BGM)

• Data analysis (both at BGM and AZ)
•Approx 1200 analytes were used for statistical analysis

Platform Overview

Presenter
Presentation Notes
Analyses were performed using six different platforms.  Approximately 1200 analytes were used for statistical evaluation generating huge amounts of data. Evaluations resulted in two hypotheses that we could consider further. 



Nominated Hypotheses 
Validation ongoing

•
 

Predisposition – Pyruvate hypothesis
• Predisposed patients have low levels of plasma pyruvate (e.g., low 

carbohydrate diets) and ximelagatran treatment promotes a further 
decrease in plasma pyruvate:

• May result in reduced hepatocyte capacity to deal with oxidative stress, 
cells may become sensitised to ximelagatran.

•
 

Treatment effects
- Immune mechanism: Monocyte colony stimulating factor 1 

receptor (CSF1R) shedding

From an academic perspective several man years of 
analysis could be usefully applied to this data set !
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The first is what we call the pyruvate hypothesis.  It showed that predisposed patients had lower levels of plasma pyruvate than those who did not show the ALAT elevations.  Also,  we could see that treament with ximelagatran further promoted a lowering of the pyruvate levels.

So, this may result in reduced capacity  to deal with stress in such a case.  And also if you look at the individuals who have a lower nutritional status, they usually also show lower pyruvate levels.  This was something we had seen in the clinical studies.  Even though it couldn't be measured in a good way, we could see that there were often people with a low BMI who showed these ALAT elevations. 



The second hypothesis was treatment related and involved a possible immune-mechanism. Patients with ALAT elevations showed a higher presence of soluble colony stimulating factor 1 receptor in the plasma as the result of treatment. 



You have to understand that these hypotheses were picked from an enormous dataset so there is a lot more to do if we want to.  We can go through these materials for years and years.



Immune mechanism hypothesis 
CSF1R Ectodomain Shedding and Monocyte Activation

Analyte 
Code Identification MFC %Change Raw p (W) FDR p (W)

63152 CSF1R 1.31 41.55 0.004 0.097

Monocyte
Activators 

(IL-2, IL-4, LPS etc)

Presence of soluble CSF1R in 
serum - indication of monocyte 
activation. 

Increased monocyte activation 
may potentiate antigen 
presentation to T-lymphocytes. 

If ximelagatran has the ability to 
act as an immunopotentiator this 
might facilitate generation of 
drug-antigen specific 
lymphocytes.

CSF1R
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What is so interesting then about this colony stimulating factor 1 receptor?  Well, it is shedded from the antigen-presenting cells when they are activated.  And if the antigen presenting cell is activated, of course, you increase the risk of sensitizing lymphocytes and generate in this case drug-specific lymphocytes.  So this was again something that we would add to the basket labelled “immunological hypothesis” of why ximelagatran caused ALAT elevations.



• Shedding of CSF1R 
showed a dose-response 
relation after exposure to 
Ximelagatran but not to 
Troglitazone and 
Dabigatran in vitro 

In vitro verification study #1: 
Human primary monocytes (n=5). Flow cytometry analysis.
CSF1 R,  20 h with Ximelagatran
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To further validate this hypothesis, we did some in vitro experiments.  We used ximelagatran on human primary monocytes in vitro for 20 hours and looked at CSF1R expression on the cell surface by flow cytometry. Colony stimulating factor 1 receptors were truly shedded as a result of exposure to the drug in a dose-dependent manner, as in the first, the red one. For comparison we also used another liver-toxic drug troglitazone and for that we could not see this effect.  To be sure that this had nothing to do with pharmacology, we also used dabigatran, which is another oral thrombin inhibitor.  When we used dabigatran we could not see that it had any effect on the colony stimulating factor 1 receptor.
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• Ximelagatran also induced a dose-related significant increase of the
common activation markers HLA-DR (NB results from Exgen-study)
and CD14.

In vitro verification study #2: 
Human primary monocytes (n=10). Flow cytometry analysis.
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To further evaluate if the monocytes were more activated than just by shedding of this receptor, we looked at other markers that are common to the up-regulated monocyte activations.  So we used the HLA-DR.  That by itself is an activation marker.  We used also CD14 and we could see that also these two monocyte activation molecules were up-regulated as an effect of exposure to ximelagatran in vitro.



Exanta 
Possible Immune mechanism 

Exanta 
Possible Immune mechanism
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So how do we handle this data then altogether?  



Antigen-specific T-cell reactions in the liver

Knolle and Gerken -2000
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Well we know that in the liver T cell sensitization actually occurs all the time.  But normally these T cells that become sensitized to antigens are suppressed because the liver environment induces tolerance of these cells.  But for some reason, it could happen that they break this tolerance and this might be the case here somehow.  It might be so that you have T cells that are sensitized to the drug and then for some reason this tolerance is broken and we get a response.





Diagnostic value of specific T cell reactivity 
to drugs in 95 cases of drug induced liver injury 
V A J Maria, R M M Victorino Gut 1997;41:534-540

Conclusions

•Positive lymphocyte transformation test in as many as 56% 
of patients suggests immunological mechanisms far more 
frequent in drug hepatotoxicity than previously assumed

•T-cell reactivity represents additional evidence
in favour of its involvement in liver injury and is
important for defining mechanisms
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If we then look further, how common is it that you see the presence of drug-specific lymphocytes in the patients with drug-induced liver injury.  There is actually a paper that goes back a bit now showing you that in as many as 56 percent of patients with drug-related liver injury, you could actually find drug-specific lymphocytes.  And this, I think, is something worth considering more often.  T-cells may be key conductors in critical mechanisms leading to liver injury caused by drugs.



Lymphocyte transformation test (LTT)

Detection of ximelagatran and/or melagatran-specific
lymphocytes in peripheral blood of treated patients 

Group 1 - patients
13 cases with treatment discontinued at ALT>4 x ULN
Group 2 - patients
8 cases with treatment continued after ALT>4 x ULN
Group 3 - controls
15 subjects without ALAT elevations (matched with groups 1 and 2)
Group 4 - controls
10 unexposed subjects

One subject from group 1* and one from group 2 were positive to
ximelagatran. The group 1 subject was also positive to melagatran.
All control subjects were negative (=100% specificity of the assay).

*HLA-DRB1*0701 carrier Kindmark et al 2007
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Of course we wanted to do this lymphocyte stimulation test on our patients as well after reading this paper.  So we brought back those who had experienced ALAT elevations and we divided them in two different groups.  The first group was those who discontinued treatment when still having high ALAT levels and the second group was those who had continued taking the drug when they had the high levels, showing transient ALAT response.

We thought that maybe we could see tolerance being developed in group 2, while in the group 1 we might be able to catch the ones who would still have drug-specific lymphocytes in their circulation.  The results in these lymphocyte transformation tests were that we found one subject from group one and one from group two that actually showed a positive LTT response.

And what is interesting here is that the subject from group number one also was carrier of the 0701.  We got there again.  There are some small hints here and there that I think was quite interesting finding.



Drug affinity studies, EpiVax (Providence, US),
were performed to validate results from the
pharmacogenetic study (EXGEN)

Competitive binding to soluble MHC molecules encoded by
HLA-DRB1: *0101, *0401, *0701 and *1501 in the presence of
peptides bound to these MHC molecules.

Ximelagatran and its metabolites melagatran and ethyl-melagatran
were tested.
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To further look at specific affinity of ximelagatran to the HLA-molecule itself, we did in collaboration with EpiVax competitive ELISA where we used soluble HLA-DR molecules.  So we used the 0701, of course.  But then as controls we also used the 0101, the 0401, and 1501. In this assay, specific peptides were initially bound to the different HLA molecules.  Then we added the drug.  We wanted to see if the drug itself was able to compete away these peptides bound to their respectively HLA.  We used both ximelagatran and its metabolites. 



Strong binders: >50% inhibition of peptide binding
Weak binders:  10-50% -”-
Non-binders:     <10% -”- Kindmark et al 2007

Strongest association observed with 
ximelagatran and HLA-DR7

Ximelagatran may form antigenic 
structure via direct binding to HLA-DR7?
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And these data actually showed us even though I can agree it was performed at rather high concentrations, that the  best correlation we had was with ximelagatran and again the HLA-DR7, which is controlled by the 0701.

So again, here we could imagine that perhaps ximelagatran has an affinity for the DR7 molecule itself by binding directly to the HLA, since it could obviously compete away a peptide that still is bound to this HLA molecule.





SUMMARY: Indicators of an immune mechanism

•Time to onset of ALAT elevation: 1-6 mo

•Incidence of cases: 7.9%

•Species specific: No ALAT elevations in animal models

•Recovery upon continuous treatment: induction of tolerance?

•Evidence of drug specific T-cells: 
Melagatran classified as a moderate skin sensitizer in GPMT
LTT+ in 2/7 occupationally exposed workers with skin reactions 
LTT+ in 2/21 cases with ALAT↑. 100% specificity.

•MHC-associations: HLA-DRB1*0701 identified by pharmacogenetics and 
confirmed by affinity studies performed by EpiVax.

•Monocyte activation – CSF1R shedding as a treatment effect shown by       
proteomics data and verified by in vitro studies
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So if you take them altogether, the different eggs put in this basket that points in the direction towards an immune mechanism: The time to onset for the ALAT elevation was between one and six months, which is long enough for an immune response to develop.  Otherwise, if you see an ALAT elevation maybe just one week after exposure, it is a bit harder to think of this being accelerated by some  immune mechanism because you need to have the presence of drug-specific lymphocytes. That takes at least two weeks or more. 

The incidence, 7.9 per cent, is also more typical  for an immune reaction.  The fact that there were no adverse effects in any of the preclinical models we were using  -We tested mice, rats, dogs, and even guinea pigs but we couldn't see any sign of ALAT elevations in any of these species, is also expected if we have an HLA-association.

The recovery seen upon continuous treatment could be evidence of induction of tolerance in drug-specific T cells. We already had indications of  the drug itself being able to induce formation of drug-specific lymphocytes: Melagatran was classified as a moderate skin sensitizer in the guinea-pig maximization test. Occupationally exposed personnel sometimes showed skin reactions; Two of seven people tested presented with a positive lymphocyte response.  As for the therapeutically treated people, two of 21 cases showed a positive T cell response to the drug.

The MHC-associations were identified both by the EXGEN, the pharmacogenetic study, and the by the competitive ELISAs run in collaboration with  EpiVax.  

Proteomics, and additional in vitro studies, showed an effect on the colony stimulating factor 1 receptor both in patients with elevated ALAT levels and when primary monocytes were exposed to the drug in vitro.



Planned/ongoing activities

•HLA-DRB1*0701/DQA1*02/CD4+ 
Tg-mouse model being developed

•Diet restriction models – rat and Tg-mouse
for further investigation of the pyruvate hypothesis
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As John said, we are trying to continue to do some more, of course.  The following is going on at the moment:  We are establishing a transgenic mouse model that expresses the elements found in EXGEN and we are also making these transgenic animals CD4 positive, which could possibly increase the ability of producing T cells that are specific to the drug.  The pyruvate hypothesis is also intended to be further tested in this model.

Currently as well:  We have a collaboration with Bonn University and Professor Percy Knolle where we look at the role of liver-specific endothelial cells. These cells are able to present antigens and thus are immunologically active. 

We also just recently started a project with Paul Watkins aiming at using a number of other mouse models than those tested in-house. Also we have a collaboration with the Liverpool University and Professor Kevin Park, where we intend to screen blood donors for the DR7 molecule. Subsequently, we would try to sensitize their T-cells in vitro to ximelagatran.  



Ximelagatran Biomarker studies 
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So I can stop by saying this.  That we are still working on the problem solving and mechanisms around Exanta-induced ALAT elevations and all the time we look for new opportunities to take this another step further. 

This last slide is to acknowledge some of the people who have been working hard with Exanta.  There are so many so I couldn't give all the names but we have a number of active groups.  We have an Exanta operational team which is a core team who keeps track of all the activities. 



Thank You !
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So okay.  That was it.  Thank you very much.

(Applause.)
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