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DR. WOODCOCK:  Thank you very much, John.  And let me add my welcome to this conference, which is becoming a tradition.  What we want to see, I think, is some forward progress in this particular area. John asked me to give this brief talk, after I had spoken about drug safety at a public meeting held at the Institute of Medicine: not only about drug-induced liver injury, but about drug safety in general. The theme there, for the public and those members of the policy community who really don't understand, was that we are making advances and we are going to be able to have much greater understanding of drug-induced injury in general.  We need to move from a state where drug-induced harm, adverse events, is not something that just happens to people that we don't understand so we are sitting there helplessly hoping it won't happen to our patient.  You write a prescription and think, well hopefully it won't be my patient.  It won't be this prescription where we see this problem. We are overtly trying to move to a state where we look at the patient before we write that prescription and perhaps we run some tests or something.  We carry out some interventions to make sure that person isn't one of those at risk or enhanced risk for harm.


What is “Drug Safety”?

All drugs have side effects
A safe drug: its benefits outweigh its risks

This is a population-based definition, not true
for the person who gets the serious side effect

Some people get great benefit, no side
effects; others get severe side effect

How to maximize benefit and minimize risk?
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This is a very empowering message, I think.  Because the more we understand mechanistic causes of drug-induced injuries, the better we can develop drugs to actually avoid these injuries and make safer drugs.  And for those agents that we really need out there, we can develop interventions to prevent the serious harm.  This is something the general public and the general health policy community is completely unaware of, but I would say there is great interest. Jeff Drazen, the editor of the New England Journal of Medicine, was at that meeting, and he actually invited one of the presenters to submit a paper to the New England Journal, as a result of some of the information that was presented during that day. So let me go over this. This may be kind of talking down to you all.  But this is the kind of message that we as a community need to get out there to the public so they understand what we are trying to do because we also need support for this.  We need support within the companies.  We need support within academia.  And of course, the FDA strongly supports this. You know, we need government funding support for these efforts.  But at the Center for Drugs, I have almost no research budget and so I can't substantively support it.  I only kind of lend my moral support or my energy to this cause.

What we need to remember, of course and isn't remembered in all of the discussions about this in the press, no drug is safe. All drugs have side effects and we define a safe drug as one where its benefits outweigh the risks.  But the problem with this, and the problem the public has with this definition, is that if you are somebody who gets the serious side effect, it is all harm for you.  Okay?  So it doesn't really matter that other people benefitted from the drug.  You have had a serious problem from the drug. And so how do we maximize benefit and minimize risk?


)
Evaluating Drug Side Effects During

Drug Development

e Safety testing performed in animals and then
people
* Hard to uncover and assess every side effect:

— Rare: might take 10,000 people to be sure of an effect
occurring 1 in 1000

— Common: where the side effect already occurs with
some frequency without the drug

— DILI: a combination of both problems

— Doesn’t occur in the tested population (pregnant
women, drug interactions, real world patients)

— Takes a long time to develop
e Cancer—use in vitro and animal tests
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We evaluate drug side effects during drug development.  We perform, as you all know, safety testing in animals and then people.  Of course, many of the kinds of severe adverse events we are talking about here today and many other effects on organ systems are hard to uncover and assess.  So in drug development, we don't predict very well what is going to happen out in the market and this causes severe angst on the part of everybody when this happens.  And it might be because the adverse effects are rare and it might take studying ten thousand people to really nail down one in a thousand side effects.  It might be because the effect is fairly common, such as MI, underlying in a population and therefore small increases.  It still could translate into tens of thousands of people being harmed post-market.  Okay?  It is hard to detect.

And drug-induced liver injury, I think, is a combination of both problems.  You have the worst of all possible worlds because you have these minor, very common from exercise, alcohol, whatever, liver enzyme elevations that are very commonly underlying in the  population.  And then you have this very rare,  or very, very rare but sometimes devastating and often serious side effect that may cause pulling a drug off the market. We also don't test all the people who will be exposed to the drug and all the combinations of course of drugs, dietary supplements, everything else that they might be taking out in the real world.  And there are also side effects that take a long time to develop, say carcinogenicity of one kind or another.
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Evaluating Side Effects of Approved
Drugs

Always learn more after drug used widely

New side effects may be recognized after 10
years or more of use

Reports of cases by health professionals
Data from clinical trials and registries
Information from use in other countries

Hope to use more active methods (Sentinel)
with electronic health data in future
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So we always learn more after the drug is used widely and people, you know, become upset about that.  New side effects may be recognized after ten years or more.  In fact, we are still learning more about drugs like digoxin 100-150 years after introduction of digitalis.  And we shouldn't really be surprised about this.  This is the advancement of medicine.  But we get, obviously, reports by health professionals, we get clinical trial data, information from other countries.

We hope, of course, to use more active methods with electronic health data in the future. and that is our Sentinel Initiative.  My greatest hope is we will be able to link that by engaging healthcare records and that we will be able to link that information to the science.  That is where the real benefit is going to lie, not just in detecting the side effect but actually being able to get those patients, identify them, do case-control studies, do other things, link it back, so we can do the science we need to do and find a mechanistic understanding of what is going on.


Options Once Drug Safety Profile
Understood

Not approve/remove from market

Risk Evaluation and Mitigation Strategy
(REMS): restrict distribution, education,
patient information

Warnings on label
List on label

Develop better scientific understanding of
side effect
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Now, the problem is we have a limited set of tools, even though the amendments gave us more tools, once there is a new finding on a drug safety profile and it is a serious problem, we can either not approve an unapproved drug, or we can remove the drug from the market.  That was really the only option practically before.  Now we have restricted distribution by risk evaluation and mitigation strategies (REMS), and so forth.  These are all intended to manage the side effects, of course.

The problem we have, as you all are very well aware, is that we need to make sure that the health policy community understands this. The problem we have is that our tools are very limited because often we don't know what puts somebody at risk.  So how can you write a risk mitigation strategy?  All too often, these risk mitigation strategies are simply warnings.  We simply tell the patient, and we have gotten some push-back from the patient community about this, we tell them well, you may die from this.  And you know, it is important that they be aware of that before they take a drug, but it isn't that helpful for anybody in the sense of mitigating the risk.  It simply is a kind of informed consent. So we also put warnings on the label.  If it is a lesser side effect, we might list it on the drug label.  But what we really need to do is develop a better scientific understanding of why this is happening to those few people.  Why is it happening?


Scientific Understanding of Side
Effects

Why do a few people get a side effect while
others don’t?

Some side effects seem like an overdose
(excessive pharmacologic effect)

Others are very rare and seemingly random
(“idiosyncratic”)

Some of this variability in human drug
responses caused by people’s genetic
differences

Other is caused by environment: drug
interactions, misuse, overdose
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But why do some people get a side effect, while others don't?  That is the real question.  That is what you are going to be grappling with the next two days in a very specific instance. Some side effects, as we all know, seem like an overdose.  They constitute excessive amounts of the pharmacologic effect that you have desired.  Others, though, are very rare and they seem to be random.  And we have always called them and I have always loved the description of them as idiosyncratic because it sounds like it is the patient's fault.  They were just cranky or there is something about them that caused them to get this side effect.  And that is probably true but it isn't actually their fault.

Some of this variability in human response to drugs is caused by people's differences in their genetics and others are caused by the environment, by drug interactions.  And a lot of problems, of course, are caused by mis-use of drugs, inappropriate use, drug-to-drug interactions and so forth, overdose of drugs.  So there is a wide spectrum in our task for all of these side effects in sorting that out and understanding it.


Genetic Differences in Drug
Metabolizing Enzymes (DME’s)

DMEs process drugs inside the body

There are a large number of DMEs and related
proteins such as drug transporters that move
drugs around in the body

There are lots of different variants in DMEs

and this is one reason people react differently
to drugs

For a single drug, there can be “ultra-rapid”
metabolizers all the way to “non”
metabolizers
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There are, of course, genetic differences in drug metabolizing enzymes (DMEs), and you know I am preaching to the choir here for a lot of people. I know that you know, but this is how I explain it to the lay public.  We have different processing machinery inside our bodies.  And there are a large number of these DMEs and related proteins such as drug transporters that move drugs around inside the body. The lay audience does seem to understand when you explain it in that fashion. We say that different people have different processing systems and that is one reason people react differently to drugs.  And I can tell you one thing: that patients understand, and the public really understands, and that is personalized medicine.  They truly understand that not everybody reacts the same to drugs.  In fact, there is more push-back from the scientific community about this.  The patient community is totally onboard with the fact that there are inter-individual differences.

And of course, for a single drug there can be everything from ultra-rapid metabolizers all the way to non-metabolizers.  And for different drugs, this room probably represents that spectrum.  Assume we all take the same dose of a drug.  We all have different results, or we should say that not all of us but some sub-populations of us have different results.


Effects of DME Variation

Overdose: too much drug in the body
No dose: no active drug (codeine)

Secondhand dose: nursing mothers who are
ultra-rapid metabolizers and codeine

Variable dose: wide range of blood levels or
effects at a given dose (warfarin)

Different pathway: drug metabolites are
different (could lead to different side effects)
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So what happens with DME variation?  Well, you can get overdose effects, or  you can get no effect.  And that might be from codeine.  A more serious example we have recently been discussing might be clopidogrel, where that drug in some cases fails to be transformed into the active remedy and therefore, you don't have the desired pharmacologic effect.  And that could be life threatening.

You might have a second-hand dose.  A couple of years ago we put out an alert on nursing mothers who were ultra-rapid metabolizers and taking codeine.  When they were nursing they had babies who got spikes of morphine and respiratory depression.  So that is rare but it something people should watch out for, obviously.

Of course you have variable doses.  You know, there is a variable dose for effects with warfarin.  You give the same dose and end up getting a variable pharmacologic effect or a different pathway.  And that may be relevant in some cases, John, I don't know, to drug-induced liver injury where some people shunt the metabolites down a different pathway and they may have more toxicity.


Genes and Immune Reactions to Drugs

* Genes generally influence the types of
immune reactions that individuals have

 Some very serious drug side effects seem to
be caused by a person’s immune response to
the drug (skin reactions, anaphylaxis)

 May be the cause of liver injury in some cases

e Tests are available to identify many immune
system gene variants
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Genes and immune reactions ought to be of more interest to you all here than it maybe was a few years ago, I don't know.  Genes generally influence the types of immune reactions people have and some very serious side effects from drugs seems to be caused by people's immune response to the drug.  So while skin reactions and anaphylaxis are persuasive, you know, we have always thought they might have an immune basis. Recently we have discovered, the research community has discovered, in some of those links, we have put that in drug labels for carbamazepine and Stevens-Johnson Syndrome, and  for abacavir and hyper-sensitivity reactions.

But I think immune reactions actually may be the cause of liver injury in some cases.  And that isn't totally surprising.  We have autoimmune hepatitis and different things like that occurring naturally.  And tests are available today to identify many immune system gene variants because of tissue typing and so forth.  And so we have ways to actually, that are actually commercially available, which is amazing in this field.  We usually have to invent the test or the biomarker as we go along.  We actually have pretty well validated biomarkers available for some of the immune system variations.


)
Genes and Drug Side Effects: Target

Variation

 The drug “target” is the molecule that the
drug acts on inside the body

e “Targets” can have genetic variation too

* People with target variants can have
exaggerated pharmacologic response (like an
overdose), or no response, or a bad response
at an ordinary drug dose
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And then of course, we have target variation.  The target is the molecule the drug acts on inside the body and if you explain this to the lay audience, they can understand that, too but your target can vary, too.  And again, I don't know to the extent this has impact in the liver but people with target variations in other REMS can have exaggerated pharmacologic response like an overdose; you give them the ordinary dose, but their target reacts different, or a bad response occurs with an ordinary drug dose.  So target variability also is important.

So what do we need to do to add new genetic safety information to a drug label?  Well, I know this is a science meeting today but this is sort of a regulatory question.  But it is a common sense question and answer, I think.
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Evidence Needed to Add New
Genetic Safety Information to

Amount of eviden

Label

ce proportional to the

importance of the information to decision-
making (abacavir vs. carbamazepine example)

Regulatory approach to safety matters is less

restrictive than fo

Evidence requirec
eguation more su
drug back on mar

r efficacy claims

to change benefit/risk
ostantial (e.g., to allow a
et)

This new science will require new regulatory

approaches
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The amount of evidence you need to put something on a drug label that links to a side effect is proportional to the importance of the information to clinical decision-making.  It is kind of the weight it will have on the use of the drug. For abacavir we have about an eight percent hypersensitivity reaction in the Caucasian population and we have a randomized controlled trial that nailed down that association.  For carbamazepine, we had a couple of case control studies and in the Asian population, they were compelling.  And that was enough to establish that link and actually recommend testing in Asians, and to recommend testing in people taking abacavir and put the information on the label. So the regulatory approach to safety matters is less restrictive than for efficacy claims.  Typical regulators, right?  You don't get any breaks.  You have to put all that safety info on the label.  The evidence required to change benefit-risk equation is more substantial, though.

Say we have a drug that is not on the market because of a serious side effect.  You want to put it back on the market because you have discovered a test that will identify and predict perhaps the bulk of that harm, but you are going to have to prove that, obviously, because that is the actual benefit-risk analysis that we are working with. Nevertheless, there are different ways to prove it because you may not always need a randomized controlled clinical trial.  There are different ways to prove that that could be the case.  This new science is also going to require new regulatory approaches.  We are already starting to struggle with that.  But it is good news.  It is a good thing to struggle with because it is actually bringing science into the way that we reason about the benefit risks of drugs.  


Summary

* Drug induced liver injury is a microcosm of
many drug safety issues

* We can now test for some gene variants
associated with serious drug-induced injury

* This type of testing can improve drug safety
by not exposing people with high risk to the
drug or by giving the correct dose
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And that is the message I am here to deliver this morning.  This is really good news.  And the faster we can accelerate this, the more successful drug development is going to become and the more clear and transparent regulation, I think, will become on the safety side.

So I think drug-induced liver injury is a microcosm of many drug safety issues and I really commend John, and I commend Lana, and I commend all of the attendees, the annual attendees of this conference, for trying to struggle with this issue, because you are really leading the way and some areas of drug-induced harm were just clueless about how we might approach dealing with that problem.

We can now test for some gene variances that are associated with serious drug-induced injury.  And I hope you will be talking about that some today.  And I think this type of testing can improve drug safety by not exposing people with high risk to the drug or can improve safety simply by giving the correct dose to people.


Summary

* As we learn more, such genetic tests could be

incorporated into drug development, to make
drugs safer from the start

 FDA is developing the regulatory policies that
will pertain to this new type of information
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As we learn more, these genetic tests can be incorporated into drug development to make drugs safer from the start.  They are being incorporated into labels now.  That is a retrofit of drugs that currently have significant safety problems, and we're making them safer by incorporating this information.  But let's try to figure out how to do it from the get-go.  And FDA is developing the regulatory policies that will pertain to this new type of information but we are going to have to have a little bit more experience before we put out a guide book on how to do this.

So good luck today and tomorrow and I think you are on the cutting edge of a new way that we will really begin to unravel the causes of drug-induced injury to people.  Thank you.



(Applause)
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