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DR. WRIGHT:  Thank you. Good morning.  I want to also thank the organizers for inviting me.  Those of you who saw my presentation at the Drug Information Association meeting in the fall, saw Chapter One.  We will now move on to Chapter Two.  I don't think we have the full book written yet, but we are moving along.

I think the timing of this is actually somewhat serendipitous.  It is about one year since Charlie Paulding, who is sitting in the audience today, gave me a call to share some raw data from a genome-wide scan on lumiracoxib related hepatotoxicity.  In fact, that is where we were about a year ago. What you are going to see in the next 20 or 30 minutes or so, is the progress we made in the last year.  I certainly applaud the first speaker Karin on the tremendous amount of work that has been done on Exanta.  I think you contributed a lot to our understanding and certainly we are learning from your experience as well, as what things to go after and not. 
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Drug Induced Liver Injury (DILI)
Background (from FDA draft guidance October 2007)

Drug-induced hepatotoxicity has been the most frequent cause of
safety-related marketing withdrawals for the past 50 years

Most drugs withdrawn for severe DILI have rates for death and
transplantation of <1 per 10,000

Drugs that show severe DILI generally do not show signs of
hepatotoxicity in animal models

Laboratory measures of elevated aminotransferases, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST), are
used as the criteria for defining potential hepatotoxicity

» >3x upper limit of normal (ULN) suggest potential mild hepatocellular injury,
while >5x, >10x, and >15x ULN rates suggest increasing severity in
hepatotoxicity

Hy’'s law: >3x ULN ALT/AST and >2x ULN serum bilirubin

* It is estimated that ~10% Hy’s law cases progress to death or liver
transplantation
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You are going to see that we are still in the mode of understanding the mechanism, and hopefully by putting our heads together today and for the next couple of days and beyond, we can make further progress on this.

Not to belabor this because this is something everyone in this room should be familiar with but I want to highlight a couple of points here.  In particular, as Janet mentioned early on, the idiosyncratic-type nature of drug-induced liver injury has, I think, troubled many.  The other aspect of this is the lack of prediction from animal models and lumiracoxib is no exception to that.  No predictive findings in preclinical.

And the other is the concern about Hy's Law cases.  These are cases with not only elevated transaminase but elevated bilirubin and that with a ten percent risk of mortality or liver transplantation. In terms of severity, I think is important to recognize that.. 


Lumiracoxib Background

Mechanism of Action
» Selective COX-2 inhibitor

* Lumiracoxib has a favorable distribution (Rheumatoid Arthritis), with higher
concentrations in the synovial fluid versus plasma 3 hours after dosing

Efficacy
« Efficacious for knee and hip osteoarthritis (OA, 100 mg qd)

 Highly efficacious in acute pain (e.g. dental pain, acute gout, dysmenorrhea,

400 mg qd)
Safety Benefits

« Favorable safety profile compared to non-selective COX-1/2 inhibitors:
- Gl benefit in non-aspirin users compared to ibuprofen or naproxen at 12 months
- Effects on BP comparable to naproxen and slightly better than ibuprofen

* Incidence of CV events similar to NSAIDs (naproxen and ibuprofen)

Hepatlc Safety

+ Associated with reversible transaminase elevations and Hy’s Law events
during the development program

* Product labeling in countries where lumiracoxib was approved thus
recommended monthly hepatic monitoring for chronic use

« Cases of liver failure and death associated with lumiracoxib were observed
during post-marketing surveillance

* Lumiracoxib was not approved in the US
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With that as a background, we'll deal a little bit more on the lumiracoxib case.  It is a Cox-2 inhibitor.  It is a selective one and because of that, has a safety advantage, especially on the GI tract.  It is very efficacious.  There are convincing data in osteoarthritis and especially in acute pain.  Since I know my HLA type, I feel very comfortable taking lumiracoxib.  The reason why feel this way is because I used to do HLA work when in academia in the lab and I was one of the controls.

But as far as safety, I mentioned a little bit about the safety benefits in terms of GI protection.  It also appears to have some beneficial effect relative to other NSAIDs, others in the class, at least, regarding blood pressure.  And it is neutral in terms of its cardiovascular event incidents relative to other NSAIDs.

Liver safety was its Achilles heel and remains that in terms of potential for toxicity in a subset of patients who take the drug.  I will not review the background in terms of the regulatory issues, just to say that it came twice to the FDA and both times it was turned down.  And the real focus was on risk benefit and hepatic safety. 


Therapeutic Arthritis Research and Gastrointestinal
Events Trial (TARGET)

52-week OA gastrointestinal clinical safety study to demonstrate
that lumiracoxib (400 mg od) reduces the risk of developing
complicated ulcers compared to NSAIDs (naproxen 500 mg bid
and ibuprofen 800 mg tid)

« Comprised of two trials CCOX189 0117 and CCOX189A2332 with identical study
design using different comparator therapies (ibuprofen & naproxen)

* 18,244 patients randomized (9,117 to lumiracoxib, 4,730 to naproxen, 4,397 to
ibuprofen)

* 10,057 consented DNA samples obtained

Trial Results:

* 79% reduction in upper Gl ulcer complications was observed with lumiracoxib as
compared to studied NSAIDs in non-aspirin population

* No statistical difference in incidences of CV events between lumiracoxib and NSAIDs at
12 months

 Higher proportion of >3xULN ALT/AST elevations seen for lumiracoxib-treated patients
(2.6%) compared to NSAIDS (0.6%)
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The TARGET study was a very large clinical study that was done by Novartis to look at the GI safety of lumiracoxib.  And this sets the stage then for what I am going to tell you about today because without the study, I wouldn't be here and without Charlie's work I wouldn't be here.  It was this study to look at the comparison between lumiracoxib and two other non-steroidals in parallel studies designed very similarly but with different comparators, that is, ibuprofen and naproxen that generated over 10,000 DNA samples.  I don't think there is a study, that I am aware of, that has the sort of magnitude of DNA samples and has been mined.

In terms of the trial results, it was positive.  There was a significant benefit in terms of GI protection for lumiracoxib.  And in particular, it was seen in those individuals not on aspirin, concomitant aspirin.  As I mentioned, cardiovascular events were similar to other NSAIDs but what was seen and confirmed prior studies was a disproportionate elevation of transaminases. 
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Stage 1. Genome-wide Association Study Design
>5XULN ALT/AST patients from TARGET

Case/control design

* Initial pharmacogenetic analysis of 41 lumiracoxib recipients with
ALT/AST >5xULN (with DNA and informed consent)

» Selected 176 controls matched ~4:1 to cases based on clinical trial,
sex, race, age (x2 years), and, where possible, country

- Patients that were adjudicated by the liver safety committee to not
be drug-related were removed from the analysis

Genome-wide analysis
» Analyzed only SNPs on Affymetrix array 6.0

Statistical methods

 Association test performed individually for each SNP using
Cochran-Mantel-Haenszel (CMH) test

* Permutation test applied to adjust for multiple testing across SNPs
* PLINK software (Shaun Purcell, MGH)

U') NOVARTIS
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Next, I will present the three-stage study that was performed, in terms of the pharmacogenetic analysis of the liver findings.  Charlie's group began with looking at a fairly robust phenotype, that is, picking the subjects, a group of subjects, that had greater than five times upper limit of normal of transaminase elevation.  And I think this is a key element of the design here.  When we are doing genetic studies, you really need, if you are going to look for something that is going to help distinguish genetic markers, to start with robust phenotypes.  And in this case, it was greater than five times upper limit of normal versus less than 1.2.  So generally affected versus non-affected.  Because there are other reasons for three times upper limit of normal and 2.5 times upper limit of normal, and we didn't want to get into identifying the noise.

So as you can see here, 41 cases and 176 controls were analyzed.  This was done on an Affymetrix 6.0 array and the statistical methods are outlined here.  I am not going into the details of the statistical analysis, but we can discuss these during the Questions and Answers, if you would like. 



http://www.google.com/imgres?imgurl=http://www.expressionanalysis.com/images/GeneChip.jpg&imgrefurl=http://www.expressionanalysis.com/Affymetrix.html&h=151&w=142&sz=4&tbnid=LTIz8hWOo9oJ::&tbnh=96&tbnw=90&prev=/images?q=affymetrix+gene+chip+image&hl=en&usg=__bHPdPvI9M77nv6G-ubjHdg7NBbA=&sa=X&oi=image_result&resnum=1&ct=image&cd=1

Human Genome Variability

3 billion nucleotides (A, T, G, or C) and ~20-
25,000 genes

For any 2 people 99.9% of those nucleotides
are identical

Remaining differences 0.1% are responsible
for the genetic contribution to inter-individual
differences:

appearance, abilities, response to
environment, disease susceptibility, drug
responses, etc.

~10 million common Single Nucleotide Polymorphisms (SNPs) exist in
the human population

SNPs frequently occur in haplotypes: contiguous blocks of SNPs inherited
together

SNPs are the most common type of variation; however, other types also
exist: insertion/deletions, copy number variation, short tandem repeats

) NOVARTIS
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I am going to pause a moment for those who may not be familiar with the methodology.  Just very briefly to point out that there are about ten million SNPs in the genome.  We are not looking at all of them.  We are looking at a subset.  And so there remain to be other SNPs out there that could be identified that we are not seeing, based on the current analysis.  These are the most common types of polymorphisms in the genome.  They have been very informative and we will get into in a moment why this study could have been done in the past year, but probably couldn't have been done as recently as three or five years ago.
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Single Nucleotide Polymorphism (SNP) Definition

Change in one nucleotide
Most frequent type of variation
On average, occur every few hundred

TCTTTGTATA

TCTTTGTATA
TCTTTGTATA
TCTTTGTATA
TCTTTGTATA
TCTTTGTATA

nucleotides

TCATCTTCCA TAATTCAAAT

TCATCTTCCA TAATTCAAAT

TCATCTTCCA TAATTCAAAT

TCATCTTCCA TAATTCAAAT

TCATCTTCCA TAATTCAAAT

TCATCTTCCA TAATTCAAAT

i

ATTAATACT GAAATTATAA
ATTAATACT GAAATTATAA

ATTAATACT GAAATTATAA

ATTAATACT GAAATTATAA

ATTAATACT GAAATTATAA

ATTAATACT GAAATTATAA

T to C variation
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Again, for those who may not be familiar, we are just talking about single base pair changes in the DNA sequence.






Advances in SNP Array Technology

~100x resolution enhancement in the past 5 years

Affymetrix 1.5K Array

10K (113 kb median intermarker distance) 2003*
100K, 2005*

500K (2.5 kb median intermarker distance) 2006*

SNP Array 5.0; 500K SNPs, 400K copy number
probes

SNP Array 6.0; >900K SNPs, 940K copy number
probes (<700 bases median intermarker
distance) 2008*

* First publications using these Arrays

U NOVARTIS
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Why couldn't we have done this as recently as three or five years ago?  Well, this slide shows you the evolution of the chip technology in the past ten years or so. I left academia in 2001.  At that time, many of my colleagues were working on the early chips and very excited about the findings.  But when I asked them what gene they had identified, they said well, it is somewhere on chromosome six or chromosome ten.  And I said well, can't you be a little more specific?  Well, it's probably on the short arm.  And I said well, can't you be more specific?  And they said probably not and here is the list of genes it could be.  I said well, that is not going to be very helpful because there are too many candidate genes there and also there is much we don't know about these regions.

Well as you know, in the intervening years, the human genome has been sequenced and in parallel the gene chip technology has advanced considerably. I think the real power of the genome that we are now able to apply to our safety findings as well as our efficacy findings, is the power of looking at polymorphisms.  And although today we are talking about this technology, tomorrow's technology will be whole genome sequencing for patients in studies.  In the meantime, we have the Affymetrix 6.0 with around 900,000 SNPs and other variants with a total of about 1.8 million different SNPs and copy number of variations that can be monitored.  Our approach focused on the SNP analysis and without further ado, let's look at the data.


()

Genome-wide Association Results for All SNPs
p-values Plotted by Genomic Location; >5XULN ALT/AST
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As you can see on this slide, as indicated by the MHC Class II region marker, there was a series of SNPs identified on chromosome six.  Just to orient you, across the bottom are depicted the different chromosomes.  Vertically are the negative log p-values.  And so you can see, this trail of signals on chromosome six is in the MHC Class II region.

This is what was found by Charlie’s group in our Biomarker Development Department and why we were initially so excited.  He says, “This looks like it could be something important."  And it was.


Genome-wide Results >5xULN ALT/AST Patients

Significant findings from the exploratory genome-wide
association study after multiple testing corrections

rs number Chromosome Region Position Nominal Study-wide
p-value p-value

rs9270986 6 MHC 32682038 2.8x10-10 0.0075
rs3129900 6 MHC 32413957 1.8x10°° 0.022
rs3132943 6 MHC 32416443 1.9x10° 0.023
rs3129934 6 MHC 32444165 2.5x10° 0.026
rs3135365 6 MHC 32497233 4.5x10° 0.038
rs3129932 6 MHC 32444105 6.5x10° 0.047
rs910049 6 MHC 32423705 6.6x10° 0.047
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This slide presents the details of these particular SNPs.  Study-wide  p-values are shown on the far right and as you can see these remain highly significant after adjustments for multiple comparisons.  These were pretty impressive first pass data in terms of identifying highly significant polymorphisms. 

We assembled a team and discussed what to do next.  The first thing that was suggested was to attempt to replicate this within the study.  We should have the ability to examine the association at greater than three times upper limit of normal. And the data that is shown in the next couple of slides shows the replication stage of the study.  


Stage 2: Pharmacogenetic Replication Study Design

Additional TARGET trial samples used

Case/control design

* Analyzed 98 independent lumiracoxib patients with ALT or AST >3xULN (with DNA and
consent)

+ Selected 405 controls matched ~4:1 to cases based on clinical trial, sex, race, age (2
years), and, where possible, country.

Evaluated 13 SNPs in replication analysis (most from the MHC
region)

* 6 SNPs are from the MHC class Il region, 2 from a distal MHC region, 1 from a DME, 2
from the top non-MHC SNPs, and 2 from other chromosomes

Secondary analysis: recipients of comparator therapy

* Analyzed 18 ibuprofen recipients and 9 naproxen recipients with ALT or AST >3xULN (with
DNA and consent)

+ Selected control samples for each comparator therapy
- Controls matched ~4:1 to cases based on above criteria

U) NOVARTIS
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We looked at 13 SNPs, including six from the MHC region.  So we didn't do a genome-wide scan initially on this population.  And also we looked at some subjects with ibuprofen and naproxen just to see if we could find anything there.


Stage 2: Replication Study Results

Data from independent samples

Carrier?! Carrier?

Gene/ case control MAF2 MAF2
rs number  region p-value frequency frequency cases controls
3129900 MHC 4.4x1012 61.2% 27.3% 36.7% 14.8%
3129934 MHC 4.9x1011 61.1% 27.6% 36.3% 14.9%
3135365 MHC 6.3x10-10 66.3% 33.8% 39.8% 18.8%
9270986 MHC 1.0x10° 59.8% 26.9% 34.5% 14.8%
9275772 MHC 2.6x106 58.2% 35.7% 36.2% 20.7%
3130952 MHC 4.5x104 36.5% 21.9% 21.4% 11.9%
2517451 MHC 0.0018 27.8% 16.6% 15.5% 8.5%
2517538 MHC 0.08 69.5% 62.0% 45.8% 38.6%
10509681 CYP2C8 0.099 26.0% 18.1% 14.1% 9.8%
2123139 chr. 11 0.48 8.4% 10.9% 4.2% 5.5%
2577302 FN1 0.47 8.2% 6.4% 4.1% 3.2%
7131977 ALDH1L2 0.56 14.4% 11.9% 7.2% 6.2%
9659646 chr. 1 0.66 2.1% 1.5% 1.0% 0.8%

1Carriers are defined as having either 1 or 2 copies of the allele. 2MAF= minor allele frequency
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As shown on this slide, the stage II replicated. That is, the greater than three times upper limit of normal group showedhighly significant associations between the same SNPs we observed in the MHC and the transaminase elevation in the lumiracoxib treated subjects.  The other SNPs that are located on this slide did not show any significance. 

These were SNPs to test other hypotheses that had been considered, such as metabolizing enzymes or some SNPs that were at the borderline of significance on the previous analysis.  None of these confirmed in the larger replication study.

 


Stage 2: Replication Study Results Summary

Top Stage 1 SNPs in MHC Class Il region were highly
significant in Stage 2 (best nominal p= 4.4x10-12)

* Provides clear evidence of replication
No SNPs in other genes showed evidence of association

No SNPs showed significant evidence of association in
ibuprofen, naproxen, or combined arms

» Sample sizes are too small for definitive conclusions for
comparator arms

U) NOVARTIS
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The top SNPs remained in the MHC Class II region.  Highly significant.  No other genes showed polymorphisms of any interest.  We also tested the polymorphisms in the naproxen and ibuprofen liver cases and did not detect and association there.  Thus far the association looks specific for lumiracoxib.


Stage 3: HLA' Allele Identification

Evaluate whether top SNP(s) may be tagging a potentially causative
classical MHC? allele/haplotype

- May improve predictive capability

- May provide insight into mechanism

Case/control design using all >3xULN patients (137 cases & 577
controls) from TARGET for which DNA was available

HLA genes evaluated (all from MHC Class Il region)

- DRB1, DRB3, DRB4, DRB5, DQA1, and DQB1

MHC Class Il MHC Class Ill MHC Class |
A A
'd Y Y A N\
Ll Ll
—il—.H H |
DP DQ DR C4 TNF B C A

"HLA=Human Leukocyte Antigens, 2MHC=Major Histocompatibility Complex (| NOVARTIS
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We next proceeded to Stage III of our study.  In this stage, it was confirmed that the association observed was within the MHC Class II region.  Shown at the bottom of this slide is a diagram of the genes in this region.  There are actually many more genes intervening in and around the classical MHC genes. Many of these are located in the MHC Class III region between Class I and Class II.  But just to orient you, the ones that we are talking about today, the SNPs were in the region of HLA-DR.  And the next step was to do molecular typing on the subjects to confirm their HLA type.


HLA Results for All TARGET Liver Cases
(with DNA avallable)

Genelallele p-value

DRB1*1501 6.8x102°
DQB1*0602 1.1x107%2
DRB5*0101 1.6x10-20
DQA1*0102 1.2x10718

DRB1*1501-DQA1*0102-DQB1*0602-DRB5*0101 are part
of a very well-characterized haplotype

* Also associated with an increased risk for developing multiple
sclerosis

» Associated with amoxicillin-clavulanate induced hepatotoxicity
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Shown in this slide are the HLA alleles that were associated with the SNPs.  In this case, these are the typing data from the subjects who had the lumiracoxib associated liver injury.  You can see the p-values have risen markedly.  We are now in the realm of ten to the minus eighteenth to ten to the minus twenty-fifth.  I am told by the statisticians that in the range of 10 to the minus twenty-fifth, you are in the realm of statistical certainty in terms of an association.  And you can see that the top SNP is HLA-DRB1*1501.  The next highest association with the DQB1*0602.  And then the lowest one was the DQA1*0102.  

There is linkage disequilibrium across this region.  And so this group of alleles actually map together.  They are inherited as a block, in most cases.  And we call that a haplotype.  There is an extended genetic association across the region.  If all associated alleles were 100 percent inherited (with no recombination), it would be ten to the minus twenty-fifth all the way down.  But there are individuals with HLA-DQA1*0102 that don't bear the DRB1*1501 allele.  So hence, there is a dissociation between those two p-values.

Interestingly enough, this happens to be an allele that is very well characterized.  It is the risk allele that has been defined in previously published studies to be associated with multiple sclerosis.  There is a lot of information already known in terms of looking at peptide binding and transgenic animals have been made with various portions of the extended haplotype.  We are now making use of some of these in our mechanistic studies. 


»
Performance Characteristics of HLA-associated Alleles
Lumiracoxib-treated patients with >3XxULN ALT/AST

Genel/allele Sensitivity Specificity PPV NPV RR Allele
frequency
case/control

DRB1*1501 64.2% 80.8% 8.3% 98.82% 7.0 35.4%/10.5%

DQB1*0602 62.0% 80.8% 8.0% 98.74% 6.4 34.3%/10.5%

DRB5*0101 64.2% 80.1% 8.0% 98.81% 6.7 32.1%/10.0%

DQA1*0102 73.7% 69.2% 6.1% 98.98% 6.0 42.7%/17.4%

Patients carrying at least one copy of the risk allele are considered to have the risk genotype.
Overall TARGET lumiracoxib-treated study event-free rate for >3xULN is 97.37%

RR= relative risk
PPV= positive predictive value
NPV= negative predictive value
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Let's move on to the performance characteristics of this marker.  If you look at the alleles on the left, the sensitivity and specificity are shown.  This is for patients with greater than three times upper limit of normal liver function abnormalities. But the real question is, where is the cutoff that identifies risk versus noise.  And you don't know where that is in terms of true specificity.  Where we feel that it is important to look at is the negative predictive value and I will get into that in a moment.  But first, in terms of positive predictive value, the reason why that is low is because there are many individuals that are bearing this allele that never experienced the transaminase elevation.  It gets to the "idiosyncratic" nature.  As Janet mentioned earlier, it is likely that there are environmental influences with many of these drug induced responses.  The negative predictive value here shown for greater than three times upper limit of normal, 98.9 percent.


()

Performance Characteristics of HLA-associated Alleles
Lumiracoxib-treated patients with >5xULN ALT/AST

Gene/allele Sensitivity  Specificity PPV NPV RR Allele
frequency
case/control

DRB1*1501 77.0% 80.8% 4.9% 99.64% 13.5 41.0%/10.2%

DQB1*0602 72.1% 80.0% 4.4% 99.56% 9.9 38.5%/10.8%

DRB5*0101 77.0% 79.6% 4.6% 99.63% 12.5 38.5%/10.2%

DQA1*0102 83.6% 68.2% 3.3% 99.69% 10.6 48.4%/17.6%

Patients carrying at least one copy of the risk allele are considered to have the risk genotype.
Overall TARGET lumiracoxib-treated event-free rate for >5xULN is 98.74%
RR= relative risk, PPV= positive predictive value, NPV= negative predictive value

The DQA1*0102 allele performs the best as a predictive marker and was thus
further characterized
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For greater than five times upper limit of normal, the NPV is better, 99.69 percent.  Notice the positive predictive value again is low.  The positive predictive value relates to the frequency of the allele in the population.  The frequency of these alleles in the population, as you can see on the far right in the controls, is around 20 percent on the bottom for DQA1*0102.  


DQA1*0102 Marker Sensitivity Improves with
Increasing Thresholds of ALT/AST Elevation

Sensitivity and number of cases with DQA1*0102 allele

ALT/AST Sensitivity Number of cases Total number of
(fold >ULN) with DQA1*0102 genotyped cases
allele
>3X 73.7% 101 137
>5X 83.6% 51 61
>8Xx 90.9% 30 33
>10x 91.7% 22 24
>15x 93.8% 15 16
>20x 100% 8 8
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But just how well did it do identifying individuals who had the extreme liver injury, the ones that we would be concerned about that might lead to liver failure?  As shown on this slide, the increasing fold elevation of transaminases is on the far left and the number of cases and the sensitivity on the right.

So, at the highest level, the marker is 100 percent predictive and that sensitivity goes down as you approach greater than three times upper limit of normal. 


HLA Genotypes for Hy's Law Cases (n=3)

Hy’s law DRB1*1501 DQA1*0102 DRB5*0101 DQOB1*0602

case

Patient 1 Carrier Carrier Carrier Carrier

Patient 2 Carrier Carrier Carrier Carrier

Patient 3 Carrier Carrier Carrier Non-carrier
(carrier for *0601
allele)

In TARGET, of the 9 lumiracoxib Hy’s cases, 5 did not provide DNA or
consent for PG analysis. The 6% failed quality control standards.
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Importantly, we had three Hy's Law cases for which we had DNA available that could be analyzed and all three had the risk allele.  As shown here, they were all carriers.  There were a total of nine Hy's Law cases and we are in the process of obtaining the DNA on the remaining cases at this moment.


Mean peak ULN ALT/AST levels suggest carrier' and non-
carrier cases have differences in severity of hepatotoxicity

Mean peak ULN ALT/AST levels of cases (>3xULN) for
DQA1*0102 carriers! and non-carriers

50
p=0.023
< 40+ '
D
|_
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|_
-
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10 - i 56
5.1
Carrier | Non-carrier

Carriers are defined as having either 1 or 2 copies of the DQA1*0102 allele
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Another feature of the individuals with the lumiracoxib-induced liver injury bearing the risk allele versus the cases that were non-carriers, that is, carriers versus non-carriers, was the magnitude of the transaminase elevation. 


DQA1*0102 carriers vs. non-carriers! show different
frequencies of liver injury type for >3xULN ALT/AST cases

Type of liver injury Carrier’ Non-carrier

Hepatocellular 76 (76.0%) 17 (47.2%)

Mixed 21 (21.0%) 17 (47.2%)

Cholestatic 3 (3.0%) 2 (5.6%)

Total 100 36
p=0.0015

Carriers are defined as having either 1 or 2 copies of the DQA1*0102 allele
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It appeared that individuals with lumiracoxib-induced liver injury withthe risk allele had greater transaminase elevation and they also had greater evidence of a hepatocellular pattern as opposed to mixed or cholestatic. It is something that is interesting to us and it suggests again perhaps there is more of a hepatic injury, rather than a cholestatic picture going on.  It may relate to the underlying mechanisms of the liver injury that we are considering.


Kaplan-Meier Incidence Estimates (%) for >3xULN ALT/AST
Elevations (weeks 13, 26, 39, and 52) for TARGET

—e— Lum DQA1*0102 carrier
—m— Lum (full population)

—a— Lum DQA1*0102 non-carrier
—m— lbup (full population)

—x— Nap (full population)

N w e (@) (@) ~ oo o
| | | | | |

KM incidence estimates (%)

Weeks

Carriers are defined as having either 1 or 2 copies of the DQA1*0102 allele
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If you take the risk allele data and apply it to generate a Kaplan-Meier incidence estimate for the incidence of greater than three times upper limit of normal transaminase elevations over time you generate the curves shown on this slide.  Starting at the bottom, you see the transaminase elevation incidence over time with naproxen and ibuprofen.  The pink squares in the middle relate to what was observed with lumiracoxib.  If you sort the individuals based on the risk allele, the upper line depicts those that were the carriers for the risk allele.  The incidence goes up over time and it achieves a level that is about three and a half to four-fold higher than the unselected population.

And then if you apply the same analysis and you only look at the non-carriers, they are depicted by this line at the bottom. They are overlapping with the ibuprofen curve here at the bottom.

The test applied retrospectively to the data that we have in hand, which is fairly large, does indicate that it would reduce the incidence of transaminase elevations of greater than three times upper limit of normal to that observed with over the counter NSAIDs.  


Summary of Results 1 of 2

Genome-wide association study of 41 cases (>5xULN ALT/AST) and 176
matched controls identified a significant association to the MHC class I
region (top SNP p=2.8x10-19, genome-wide p=0.0075)

Findings were replicated in an independent set of 98 cases (>3xULN
ALT/AST) and 405 matched controls (top SNP p=4.4x10-19)

HLA fine mapping identified a highly significant association to a well
characterized haplotype (>3xULN ALT/AST cases n=137, controls n=577)

Gene/allele p-value

DRB1*1501 6.8x10-%°
DQB1*0602 1.1x10-22
DRB5*0101 1.6x10-20
DQA1*0102 1.2x10-18
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To summarize our work: in the past year we have performed a genome-wide association study beginning with a greater than five times upper limit of normal, replicating with the greater than three times upper limit of normal, confirming with HLA fine mapping, and the alleles on the bottom.  We believe that this now has fairly robust negative predictive value for the ability to exclude patients at risk.  The Kaplan-Meier estimates show us that applying this test to the data we have would eliminate nearly all of the severe liver injury, all of the Hy's Law cases examined thus far.  This includes most of the patients who actually have greater than three times upper limit of normal down to the level that is seen with other non-steroidals currently over the counter.


Summary of Results 2 of 2

DQA1*0102 allele used as a predictive marker would have a sensitivity of
73.7% and an NPV of 98.98% for >3xULN ALT/AST (overall population
event-free rate is 97.37%)

The DQA1*0102 marker sensitivity improves with increasing ULN
thresholds, and 3 of 3 Hy’s law cases carry the risk allele

Kaplan-Meier estimates show that lumiracoxib 400mg gd DQA1*0102 non-
carrier patients have similar incidence estimates for both >3xULN and
>5XULN ALT/AST as ibuprofen-treated patients

Further exploratory analysis failed to clearly identify additional
hepatotoxicity markers
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We still need more work to clarify the mechanism.  In that context, I think we need to learn from what is being performed by others in this area.  We heard earlier about Exanta. Janet mentioned the carbamazepine story.  There is also the abacavir example.  There are a few others.  What is building is an HLA association with a number of hypersensitivity reactions and now, I would propose with drug-related hepatic injury.

The mechanism for immune reactions tends to be related to the ability to generate either antibodies or T cells.  In the case of an MHC Class II association, it is most likely that the association will be with the generation of helper T cells.  Downstream of that may be an association with the generation of cytotoxic T cells or some combination thereof that could be injuring the liver. 


S
Drug-related SAEs Associated with HLA Genes

HLA-B*1502 with Stevens-Johnson syndrome and toxic
epidermal necrolysis after carbamazepine treatment
(Asians)

DRB1*07/DQA1*02 is associated with hepatotoxicity after
ximelagatran (Exanta) treatment

DRB1*1501-DQA1*0102-DQB1*0602-DRB5*0101 is
associated with amoxicillin-clavulanate induced
hepatotoxicity

HLA-B*5701 is associated with abacavir hypersensitivity

DRB1*1302 and DQB1*0604 was found to be associated

with ticlopidine hepatotoxicity (Japanese)
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One of the things I have found in probing and querying many of these compounds or drugs on the market, that I would like to share the group, is whether one common element of these drugs are metabolized in the target tissue.  

That is, if you have a severe skin sensitivity, is compound metabolized in and around the skin?  If it is  hepatic injury, is the compound/drug metabolized in the liver?  Metabolized why?  Because they may generate reactive intermediates.  For example, troglitazone, Rezulin, shares properties with many of the compounds on this list in the sense that it is activated by the liver, metabolized and forms reactive intermediates and, indeed, has been shown to form protein adducts.  It is these adducts that could promote an immune reaction to the liver.


S
MHC Association with Hepatotoxicity

Potential Insights into DILI Pathogenesis

* Drug or metabolite may act as “hapten” binding to a
self protein/peptide that is presented by MHC
molecule(s) and recognized as foreign

» Specificity for binding “modified” peptide may be
restricted to individuals bearing only a limited
number of MHC alleles

* Restriction by human MHC Class |l may explain
lack of predictability of animal toxicology studies for
human hepatotoxicity — inbred animal strains are
homozygous for a single MHC haplotype;
evolutionary differences in peptide binding
specificity across species
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I want to next propose a mechanism that the drug or metabolite can form an adduct or maybe a hapten.  Perhaps it forms a very tight non-covalent linkage.  That modification of a self-protein may stimulate the immune response.  The immune response may be human-specific.  It may be one of the reasons why we have difficulty identifying these findings in animals.  In terms of the restriction to MHC Class II, that fits in with the whole story in terms of the human specificity and the "idiosyncratic" reaction.  


®)
MHC-Peptide TCR Structure

MHC/peptide/T-cell receptor complex

http://www.bmb.psu.edu/faculty/tan/lab/gallery proteins.htmi
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And I will leave you with this image of the antigenic peptide held in the MHC, in this case the MHC Class I molecule, being recognized by a T cell receptor.

To understand this further, we are going to need to identify the components of the MHC-TCR complex involved in human liver injury and recognize that the peptides in this complex may indeed be organ-specific peptides.  Another variable is the cell presenting the peptide - we may have to get these cells, culture them and look at the specific peptides.  It is also important to recognize that the modification of the peptide may be due to a metabolite and not the parent compound.
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I would like to acknowledge the many individuals who contributed to the work I presented today.

Thank you for your attention.
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